
Amino sugar and nucleotide sugar metabolism
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C00329
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C00461
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K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521
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C04297 C03598 C03599

C00446 C00052C00984
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C00325C02985C01019

C03117
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C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions
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GALT

GALE

UGDH

UXS1

K12448

MPI
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GMPPB
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Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1
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GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
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K12449
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GPI
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K11194...
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Gluconeogenesis
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K01209...

K01198...K00770
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glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis
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GALT
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UGDH

UXS1
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PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
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K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI
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K11194...
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Gluconeogenesis

K02777...

Fructose and
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K00975
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K13648

K01209...
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Pentose and
glucuronate interconversions

Ascorbate and
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K12452...
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C00668C00267
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K12447
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K07806 K10011 K10012

K12446 K12447
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K12449
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Gluconeogenesis

PGM1HK1 Starch and
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Ascorbate and
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K12452...

N−Glycan biosynthesis
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K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−016

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−017

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−018

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−027

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−028

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−032

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−033

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−034

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−043

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−044

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−048

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−055

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−065

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−071

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−075

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−077

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−078

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−079

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−080

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−081

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−082

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−084

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−085

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−086

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−087

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−089

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−090

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−091

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−095

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−101

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−114

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−123

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−138

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−139

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−140

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−144

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−147

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−171

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−172

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−007

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−011

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−024

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−026

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−036

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−037

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−038

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−041

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−046

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−050

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−051

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−054

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−059

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−060

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−061

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−064

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−070

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−072

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−093

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−094

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−099

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−104

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−107

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−112

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−116

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−117

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−120

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−121

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−124

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−126

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−131

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−143

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−148

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−161

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−162

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−165

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−169

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−175

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−187

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−193

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−216

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−222

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−225

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−242

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−245

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−248

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−249

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−250

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−008

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−009

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−010

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−012

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−013

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−014

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−015

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−021

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−022

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−025

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−029

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−030

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−031

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−039

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−040

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−045

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−047

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−053

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−062

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−063

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−069

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−073

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−074

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−076

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−083

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−088

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−092

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−096

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−098

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−100

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−105

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−106

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−108

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−109

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−110

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−111

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−113

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−115

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−118

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−119

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−122

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−127

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−128

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−129

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−130

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−132

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−133

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−134

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−135

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−136

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−141

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−142

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−145

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−146

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−149

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−150

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−151

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−152

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−153

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−154

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−155

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−159

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−163

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−164

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−166

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−167

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−168

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−170

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−173

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−174

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−176

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−177

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−178

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−179

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−180

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−182

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−183

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−184

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−185

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−186

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−188

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−189

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−190

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−191

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−192

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449
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Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−201

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
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K12447
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K12447
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K13014C16157
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glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−203

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691
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C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−208

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−209

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−210

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−212

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−213

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−215

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−219

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−221

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−223a

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−224

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−226

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−227

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−228

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−229

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−230

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−231

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−232

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−233

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−234

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−235

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−236

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−237

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−239

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−241

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−243

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−244

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−246

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−247

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−251

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−255

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions



NAGK PGM3 UAP1 GNE GNE NANS NANP

GNPDA1

AMDHD2

K03431
K04042

GFPT1

GNPNAT1
K01791 K02472

K02473
K00790 K00075

NANSK01788...

K02777...
K07106

Lipopolysaccharide
biosynthesis

K13015
Fructose and

mannose metabolism

RENBP

K15855

HEXACHIT1
K01452

K01233

NPL

Glycolysis /
Gluconeogenesis

Amino sugar and
nucleotide sugar metabolism

MPI−223b

K18676

HK1K00847

CHIT1

K02763...

K02802...

HK1

K02474

K00698
Butirosin and

neomycin biosynthesis

C00357C00140 C04501 C00043 C00645 C04257 C06241

C05345

C00352 C06156

C13952

C06240

C04631 C01050

C16698C02713

CMAS

K08080K08080CYB5R3
CMAS

C00270 C00128

C03410 C03691

C00999
C00996

C04573
C06023

C00461

C00734

C01674

C00329

C00203

C00329

C00140

C02336

C00461
C01170

K13016...C20395K13017C20359K13018C19725K13019C19745

K15894C19823K15895C19961K15896C19971K15897C19972K15898C20082 C20083K15899

K12451K12451

K16190

K18677

K12450

GALT

GALE

UGDH

UXS1

K12448

MPI

PMM1

PGM1HK1

GALK1

GMPPB

FPGTFUK

Polyketide sugar
unit biosynthesis

K07806 K10011 K10012

K12446 K12447

K06118

Pentose and
glucuronate interconversions

Galactose metabolism

K12449

K00066

Glycolysis /
Gluconeogenesis

PGM1HK1 Starch and
sucrose metabolism

Fructose and
mannose metabolism

K00978 K12454

GMDS

TSTA3

Starch and
sucrose metabolism

K12449

K10046
K10046 Ascorbate and

aldarate metabolism

K12453

GPI

HK1

K12455
K15857 K15858

K08679

K15856

UGP2

K02793...

K11194...

K02777...
Glycolysis /

Gluconeogenesis

K02777...

Fructose and
mannose metabolism

K01709

K00975

GCK

GCK

Starch and
sucrose metabolism

K00886

K00886

K13648

K01209...

K01198...K00770

K10011

Pentose and
glucuronate interconversions

Ascorbate and
aldarate metabolism

K12452...

N−Glycan biosynthesis

C02199C17328C04089C00029

C00191 C05385 C00167

C00333 C04037 C00617

C00190

C00935

C00668C00267

C16155 C16153 C16154 C16156

C00259 C03906

C11521

C01623

C00976

C00394C00668C00267

C04297 C03598 C03599

C00446 C00052C00984

C00103

C00159 C00636 C00096

C00103

C00325C02985C01019

C03117
C02977

C01222

C02280
C15925

C01788
C17327

C00031

C00275
C00159

C01019

C00031

C01219

C00498

C00714

C02474

C00181C02352

C02330

C17326
C00501

K12447

K13010C20638K17939C20672

C04613 C04630 C20357 C20424 C20418 C20419K15912 K15910 K15913 K18429 K18430 K18431

Peptidoglycan
biosynthesisD−Glutamine and

D−glutamate metabolism

K12447

K12447

K18675

C18094K13379

C03733K01854

K13014C16157

Pentose and
glucuronate interconversions


