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MeTa6onuam (OT rpey. HETOBOAN —
«npeBpalleHmne, NSMeHeHne» ), — Habop
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MeTabonnyeckum NnyTb — COBOKYMNHOCTb
MeTaboNn4ecknx peakumn
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Llenn n 3agaymn metabonnyeckoro MmoaennmpoBaHus

Hay4Hble 3adayvu:
*yIcCrnegoBaHne MEXaHM3MOB KINEeTOYHOW perynsaumm
*0OBACHEHNE IKCMEPUMEHTANBHO YCTAHOBMNEHHbIX haKTOB

*rpegckasaHne HOBbIX ELLE He BbISABIIEHHbLIX BHYTPUKIETOYHbIX
ABNEeHnn

scCTEMaTM3aLMNSA HAKOMMEHHbIX 3KCMEePUMEHTamNbHbIX OJaHHbIX
BuouH)xeHepHbIe 3a0a4u:
*rofly4yeHmne HeobxoaMMbIX BELLLECTB N3 DakTepmarnbHbIX KNETOK U
OPYrnx opraHn3moB

-pa3paboTka HOBbIX NIEKapCTB

-nony4veHne buoTonsnmea

*pa3paboTka HOBbIX LUTAMMOB C Hanepe 3agaHHbIMK CBOMCTBaAMU



YpoBHU nccnegoBaHnUsa MeTabonnyecknx peakumm

In vitro In vivo In silico

CBOWCTBA OTAENbHbIX onucaHue nocTpoeHne
MeTabonnToB N nX XapPakTepnCTnK «3NEKTPOHHOM
OVHaMKa meTabonuama KrneTku KMEeTK»

B LEeJIOM



Pa3Hble YPOBHU CMNOXXHOCTU OpraHn3aunmn KneTok

KneTtka npokapuoT

KneTtka aykapuoTt

Muclear pate

Muclkeolus Muzleus
Muclkear

rnernbiane

KnetoyHble NnpoLuecChbl NNTOKarmM3oBaHbI
B Pa3HbIX KOMMNApPTMEHTax

NepBble Mogenu —
MoAeru KrneTok

Bce npouecchl NpoTekaloT B O4HOM KOMNApTMEHTE NMPOKAPUNOT



Escherichia coli

http://www3.niaid.nih.gov/NR/rdonlyres/49477C30-0513-47BE-88FC-17974CB1F952/0/e_coli.jpg)

Escherichia coli — yoobHbIn 00OBbEKT Anst MoAenMpoBaHusS
KIeTO4YHOro metabonunsma



MeTtabonuyeckune nytn Escherichia coli
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LeHTpPalrbHble MeTabonunyeckue nyTvm

Figure from Ermir Qeli

Information Visualization Techniques for Metabolic Engineering
Dissertation zur Erlangung des akademischen Grades Doktor der
Naturwissenschaften (Dr. rer. nat)
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*LleHTpalbHbIE KaTabonnyeckme
nyTu

*OMOCNHTETUYECKME NYTH
(NpoayKuma BCEX KOMMOHEHT
bromacchl)
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[TocTpoeHne metabonnmyeckomn Moaeru:

PEKOHCTPYKLINA METADONNYECKUX NYTEMN:
NOCTPOEHNE 0BLLIEN CXEMbI METADONMNYECKUX NYTEN

MaTemMaTuyeckoe onmcaHue:
BbIBO/, YpaBHEHNN CKOPOCTN N NOCTPOEHUE CUCTEMDbI
ypaBHEHUIN B COOTBETCTBUM C METADONNYECKON
KapTou



PeKOHCTpYKUMA MeTabonnveckmux nytemn
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[l puMep aMUHOKUCIIOTHOM nocrnenoBaTesibHOCTU
MAALTRDPQFQKLQQWYREHRSELNLRRLFDANKDRFNHFSLTLNTNHGHILVDYSKNLVTEDVMRMLVDLAKSRGVEA
ARERMFNGEKINYTEGRAVLHVALRNRSNTPILVDGKDVMPEVNKVLDKMKSFCQRVRSGDWKGYTGKTITDVINIGIGG
SDLGPLMVTEALKPYSSGGPRVWYVSNIDGTHIAKTLAQLNPESSLFIIASKTFTTQETITNAETAKEWFLQAAKDPSAVA
KHFVALSTNTTKVKEFGIDPQNMFEFWDWVGGRYSLWSAIGLSIALHVGFDNFEQLLSGAHWMDQHFRTTPLEKNAPVLL
ALLGIWYINCFGCETHAMLPYDQYLHRFAAYFQQGDMESNGKYITKSGTRVDHQTGPIVWGEPGTNGQHAFYQLIHQGT
KMIPCDFLIPVQTQHPIRKGLHHKILLANFLAQTEALMRGKSTEEARKELQAAGKSPEDLERLLPHKVFEGNRPTNSIVFT
KLTPFMLGALVAMYEHKIFVQGIWDINSFDQWGVELGKQLAKKIEPELDGSAQVTSHDASTNGLINFIKQQREARVQ

BLAST basa gaHHbIX N0 CpaBHEHUIO NOCreaoBaTeNbHOCTEN

¥ Descriptions
Legend for links to other resources: [0 UniGene I3 cEO [ Gene B structure [ Map viewer Bl PubChem BioAssay

Sequences producing significant alignments:

Accession Description | mMaxscore Total score | Query coverage |_. Evalue | Links |
s e isomerase [synthetic construct] 1169 1169 100% 0.0
o sapiens] >sp|P0O6 1169 =
ase >pdb| 1JLH|B Cha 1167 1167 100% B
s1 1167 1167 100% 0.0
Chain A, Crystal Structure Of Human Phosphoglucose Isomerase NE 1166 1166 99% 0.0 B
neuroleukin [Homo sapiens] >gb|AAB26062.1| glucose phosphate i 1165 1165 100% 0.0 [G]
glucose-6-phosphate isomerase [Pongo abelii]l =sp| QSR4E3.3 | G6PI 1158 1158 100% 0.0 |G M|
RecName: Full=Glucose-6-phosphate isomerase; Short=GPI; AltNar 1155 1155 100% 0.0
glucose-6-phosphate i rase [Oryctolagus cuniculus] >sp|QoN1 1100 1100 100% 0.0 =
glucose-6-phosphate i rase [Sus scrofa] >sp|P08059.3|GEPI_I 1082 10889 100% 0.0 U G M|
Chain A, The Crystal Structure Of Phosphoglucose Isomerase From 1098 1098 99% 0.0 B
Chain A, Crystal Structure Analysis Of Rabbit Phosphoglucose Isom 1098 1098 100% 0.0 BEd
Chain A, Crystal Structure OF Pig Phospheglucose Isomerase ~pdb| 1098 1098 99% 0.0 [SL7]
1716511  glucose-6-phosphate isomerase isoform 1 [Homo sapiens] >dbj|BA 1087 1097 E U Gm]
BAGS56947.1  unname d nrotein nro duct THemo saniens] [G]

doepMeHT, COOTBETCTBYIOLWNN BbibpaHHOW nocnegoBaTensHOCTH
glucose-6-phosphate isomerase

peakumsi, KaTanu3npyemasi PepMEHTOM == —— = oOnpeaeneHue Bcex peakLuii
G6P ——— F6P MeTabonmnyeckoro nyTu
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MonekynsapHo-bunornornyeckme 6a3sbl JaHHbIX

PYCCKOA3bIYHLIN pecypc

OBLEAWHEHHLIA UEHTP BRIYHCAHTEANLHOR EHONOrHH H BHOHHOOPMATHKH

| 3arnEssEA | Hapdss@ Co2eT | Knecmen | Mposks | Ba3sw GEsssi | Cownid | OORAZne-td | KOHTIETH |

hAoney MATHO-TR0 NONAISCERe D335 T3HHLN

noangasny || grx || Prik || Benw || Meratommsecome nm || Bntmmorpegu || npowe |

ElolCye - BioCyc Datsbase collection

ERITE - Biomolecular Reaction Pathways fo Information Transfer and Expression database
Ecolye - Encyclopedia of E.coli Genes and Metabolism

EME - the Enzymes snd Metabolic Pathways datsbsse

KEGE - Kyoto Encyclopedis of Genss and Genomes

MietaCye - Database of metabolic pathways and enzymes

wEw - Metsbolic PathWWays datsbass

EoyEzse - Soybean metabolizm dataBase

E2AD - Signaling PAthway Datsbass

UM-EED - University of Minnesota Biocatahysis/Biodegradation Database

Copyright 2001-2011 © MECTATYT MaTeMATAISCERT Nnofines) SHonon PAH




NCBI LleHTp buoTtexHonorndeckom nHgopmaumm

http://www.ncbi.nlm.nih.gov/

:-_,'-‘ MNCBl Resources [v] How To [v]

= NCBI [see

Mational Center for
Bictechnology Information

NCBI Home

Site Map (A-Z)

All Resources

Chemicals & Bioassays

Data & Software

DMA & RMNA

Domains & Structures

Genes & Expression

Genetics & Medicine

Genomes & Maps

Homaology

Literature

Proteins

Sequence Analysis

Taxonomy

Training & Tutorials

Variation

PubMed -
All Databases -

g
Protein
Muclectide
G55

EST =]

Structure

Genome chnology Information advances science and
BioSample biomedical and genomic information.
BioSystems |
Boolks ganization | Research | RSS Feeds
CancerChromosomes
Conserved Domains
dbGaP

db\ar

Epigenomics

Gene MCBI software

Genome Project a or software

GENSAT ~complish specific tasks at NCBI

GEO Datasets T 5to GenBank or other NCBI databases

m

Education Resources

Central point of access for help
documents, teaching materials, news
outlets, and other educational resources.

aHrMos3bIYHbIN pecypc

Popular Resources

BLAST
Bookshelf
Gene
Genome
Mucleotide
OMIM
Protein
PubChem
PubMed
PubMed Central
SMP

HCBI Hews

Mew MCBI Mews [ssue

28 Mar 2011

Information about the new
PubMed Maobile and Bookshelf

Fetirement of Peptidome, SRA &
Trace Archive

o Fel 2

Due to budget constraints, MCBI
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KEGG basa gaHHbIX no MeTtabonuyecknm nyTsm

KEGG PATHWAY Database

Wiring diagrams of molecular interactions, reactions, and relations

KEGG2 PATHWAY BRITE MODULE DISEASE DRUG GENES GENOME LIGAND DBGET

Select prefix Enter keywords

map (o) ek

Pathway Maps

KEGG PATHWAY is a collection of manually drawn pathway maps (see new maps, change history,
and last updates) representing our knowledge on the molecular interaction and reaction networks
for:

. Global Map

. Metabolism
Carbohydrate Energy Lipid Nucleotide Amino acid Other amino acid Glycan
Cofactor/vitamin Terpenoid/PK  Other secondary metabolite Xenobiotics Overview

. Genetic Information Processing

. Environmental Information Processing

. Cellular Processes

. Organismal Systems

. Human Diseases

and also on the structure relationships (KEGG drug structure maps) in:
7. Drug Development

[

LA L R



KEGG basa gaHHbIX no MeTtabonuyecknm nyTsm

K[ec Search | ENZYME = | for |glucose-6-phosphate isomerase | Go | | Clear |

Database: ENZYME - Search term: glucose-6-phosphate isomerase (Total 1 hit)

5318
glucose-G-phosphate isomerase; phosphohexose isomerase; phosphohexomutase; oxoisomerase;
hexosephosphate isomerase; phosphosaccharomutase; phosphoglucoisomerase;
phosphohexoisomerase; phosphoglucose isomerase; glucose phosphate isomerase; hexose phos=»

DBGET integrated database retrieval system



KEGG basa gaHHbIX Mo MeTabosfIM4ecKnmM nyTam

Mlee

ENZYME: 5.3.1.9

Entry C S5.3.1.9 Enzyme
Hame: glucose-6-phosphate isomerase;
phosphohexose isomerase;
rhosphohexomutase;
oXoisomerase;
hexosephosphate isomerase;
rhosphosaccharocrutase;
rhosphoglucoisomerase;
phosphohexoisomerase;
phosphoglucose isomerase;
glucose phosphate isomerase;
hexose phosphate lsomerase;
D-glucaose-6-phosphate ketol-isomerase
Class Isomerases;
Intramolecular oxidoreductases;
Interconverting aldoses and ketoses, and related compounds
BF!ITEhicnﬂ,l
Sy sname D-glucase-6-phosphate aldose-ketose-isomerase
Reaction (IUBMB) [D-glucose é-phosphate = D-fructose &-phosphate [BN:R00771]
Reaction (ERGG) (ROO771 > RO2740 RO3321;
{other) R0O273%8
Show all J
Substrate D-glucase &-phosphate [CPD:CO00092]
Product D-fructose &-phosphate [CEFD:CO0085]
Comment Also catalyses the anomerization of D-glucose &-phosphate.
Pathway ec00010 Glycolysis / Gluconeogenesis
ec00030 Pentose phosphate pathway
ec00500 Starch and sucrose metabolism
ec00520 Aminc sugar and nucleotide sugar metabolism
ec0l1100 Metabolic pathways
ec0l1110 Biosynthesis of secondary metabolites
ec0l1120 Microbial metabolism in diverse environments
Orthology K01810 glucose-6-phosphate isomerase
K08858 glucose-6-phosphate isomerase, archaeal
K13810 transaldolase / glucose-6-phosphate isomerase
Genes H3g: 2521 (GPI)
PIR: =
BON: 10017400& (GPI)
M. 717080

All links

Ontology (5]

FEGE BRITE (5]

Pathway (8421}

FEGE PATHWAY (55871

FEGE MODULE (2834)
Dimmg=me [1}

OMTIM (1}

Chemical =ub=tance [5]
FEEGE COMPOUND (5]
Chemical reaction (14}
FEGE EHEZYEE (1}
FEGE BREACTICN (5]
EEGE RFAIR (4]
FEZE RCLAR3IZ (4]

Genome (3]

FEGE GENCOME (3]

Gene [Z2Z209)

FEGE CRTHOLOGY (3}
FEGE GENE3 (1454)
FEGZ DEENEZ (27}

FEZE EGENEZ (450]
EEGE MEENE3 [(235)

Protein seguence (€112}
UniProt (3%230]
PRE (180}
RefJeq(pepl (1BEBQ]
PDE3TR (12&}

PHD (B}

DHE segquence (2521}
Refdeq (nuc} (1823]
FenBank (1541}
EMBL (1537}

3D Jtructure [(E4}
POE (&4}

Protein domain (11}
InterPro (7]

Pfam (3]
FROJITE (DOCy (1}

Literature [5]
PubMed (5]

Ensyme (4]

BRENDA (1}
EXFRIY-ENZYME (1}
EXFLORENZ (1}
ITEHE (1}

A1l databa=e=s [21775)



KEGG basa gaHHbIX Mo MeTabosfIM4ecKnm nyTam

HPFRD: 01394
Ensembl: EN3G00000105220
UniProt: PO&744 B4DGE39

Structure |FLB: det=—w 1JLH 1IRI 1NUH
-

Position (19413.1

AR sedq 558 aa AA seq ) (DB “’Eﬂi‘
MMM TREDE PR LOOWYREARSELNLERLFDANEDRFNHFSLTINTNHEHI LVDY SEILV

% Homo sapiens (human) : 2821 5 PDB structures
N\

p'q;-‘ Y
ragw
- prt =¥ '
I [ i i . o & =
=, - e : f N bV
PDB:1JIQ PDB:1JLH EDB:1IRI PDB: 1NUTH - O el
1.90 R 2.10 & 2.40 A 2.51 A 'K

POB:1IAT
l.62 L
504 BME E4P 504 PLS
\Jdmol _J \Jmol _J \Jmol _J \Jdmol _J \Jmol _J

Onpepenunu CTpykTypy berka



KEGG basa gaHHbIX No MeTtabonuyecknm nyTam

f

REACTION: RO0771

(. Help |
Entry ER007T71 Eeaction
Name D-glucose-6-phosphate aldose-ketose-isomerase
Definition|D-Glucose &-phosphate <=> D-Fructose &-phosphate
Equation (CO0092 <=»> COO0E5S
HO-P-Q
e 0 0 OH
O._ JOH T
LA < OH g %
HO™ ™" "OH HO  OH
OH CO0055
cooo9z
RFPair RP01093 COO0085 cO0092 main
Enzyme 3.3.1.8

DBGET integrated database retrieval system

Onpegenunu metabonnyeckyto peakuuto

All links

Cntology (2)

EEGG BRITE (2}
Chemical substance ({2)
KEGG COMPBOUND {2)
Chemical reactiom (3)
EEGG ENZYME (1)

EEGE EELIE (1)
EEGE BCLRSS (1)
Rl]l databases (7)



KEGG Bbasa gaHHbIx no meTtabonmnyeckmm

GLYCOLY3IS f GLUCOMEQGERNESIS
Starch and sucrose
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MetaCyc basa gaHHbIX N0 MeTabosfiM4ecKum nNyTam

{ thwa' Is jal LOGIN | ‘Why Login? | Create Mew Account
@ M ET A CYC Pa y Tools Tutoria

April 25 - 27, 2011 | | Quick Search | Gene Search I
Menlo Park, CA

A member of the BleCyc database collection

Searching Metalye chanse organism database

Home ‘ Search ‘ Tools | Help |

About MetaCyc
S METACYC OVERVIEW
— MetaCyc is a database of nonredundant, experimentally elucidated metabolic pathways. MetaCyc contains more than 1670 pathways from more than 2100 different organisms [more],
Queryi e and is curated from the scientific experimental literature. [more]
Lrisie iy MetaCyc contains pathways involved in both primary [def] and secondary [gf] metabolism, as well as associated compounds, enzymes, and genes. [mors]
Advisory Board
Motivations
Services , , , ) , , )
The goal of MetaCyc is to catalog the universe of metabolism by storing a representative sample of each experimentally elucidated pathway. [MetaCyc mission]
Join MetaCyc Mailing List
N - S:;gmh MetaCyc is used in a variety of scientific applications, such as providing a reference data set for computationally predicting the metabolic pathways of organisms from their
Web Semcesw sequenced genomes, supporting metabolic engineering, helping to compare biochemical networks, and serving as an encyclopedia of metabolism. [scientific spplications]
@ Recent Publication
(] # The MetaCyc Database of metabolic pathways and enzymes and the BioCyc collection of Pathway/Genome Databases, Nucleic Acids Research 38:0473-D479 2010.
C ﬂrnegie@ Query and Visualization
MetaCyc pathways can be browsed from a list, from ontologies [gef], or queried directly when searching for pathways, proteins, reactions or compounds. [mere] MetaCyc can also be
BTI queried programmatically using Java or PERL when installed locally. [more]

Mew Users

Get a bird's eye view of the MetaCyc web site here.



MetaCyc basa gaHHbIX N0 MeTabosfiM4ecKum nNyTam

Search Results for glucose-6-phosphate isomerase
using database MetaCyc What s this?

Proteins (12) | Gene Ontology Terms (1) | Reactions (1)

Proteins Gene/Gene Product pages contain: chromosomal location of gene; depiction of its operon; link to genome browser; detailed
summaries and citations; subunit structure (for protein complexes); cofactors, activators, and inhibitors (for enzymes),
depiction of regulon (for transcriptional regulators), protein features.

glucose 6-phosphate isomerase - Mycoplasma pneumoniae

glucose-6-phosphate isomerase - Bifidobacterium bifidum

glucose-6-phosphate isomerase - Lactobacillus fermentum

glucose-6-phosphate isomerase - Lactococcus lactis

glucose-6-phosphate isomerase - Pisum sativum (polypeptide)
lucose-6-phosphate isomerase - Pisum sativum (protein complex

glucose-6-phosphate isomerase - Saccharomyces cerevisiae

glucose-6-phosphate isomerase - Spinacia oleracea

glucose-6-phosphate isomerase - Thermotoga maritima

glucosamine-6-phosphate deaminase (2-amino-2-deoxy-D-glucose-6-phosphate ketol isomerase (deaminating)) - Escherichia coli

phosphoglucose isomerase (glucose-6-phosphate isomerase) - Escherichia coli
hosphoglucose isomerase (glucose-6-phosphate isomerase) - Pyrococcus furiosus

Alternative searches:
¢ Full text search for glucose-6-phosphate isomerase
on all pages in this database using Google

Gene Ontology Terms GO term pages contain: Parent and child terms, and lists of matching gene products. Note that only those terms that have one or more associated genes in the selected

organism (or that have children with one or more associated genes) are listed.

Molecular Function

¢ Class: 50:0004347 - glucose-6-phosphate isomerase activity

Reactions Reaction pages contain: reaction equation with chemical structures, links to all enzymes that catalyze the reaction, and all pathways in which the reaction participates.

@se—s—uhusnhate = D-fructose-6-phosphate (glucose-6-phosphate isom@

———__ B

On peaennnmn peakuyuro




MetaCyc basa gaHHbIX N0 MeTabosfiM4ecKum nNyTam

In Pathway: sorbitol biosynthesis |, starch biosynthesis , sucrose degradation IV , sucrose degradation |11, heterolactic fermentation , gluconeogenesis | , formaldehyde oxidation |, glycolysis V (Pyrococcus) ,

glycolysis 111, glycolysis | , GDP-mannose biosynthesis , Bifidobacterium shunt , homolactic fermentation , mannitol cycle , gluconeogenesis |l (Methanobacterium thermogutotrophicum)
o v
,:,-_FI._DA 0 /—DH D'—Fﬁi—hﬂ ——OH
.!. Ho i oh —_— ’ IK@&DH
e E— N
o ho' o oH

p-D-glucose-6-phosphate D-fructose-6-phosphate

The reaction direction shown, that is, A + B <==» C + D versus C + D <==> A + B, is in accordance with the Enzyme Commission system.
Enzyme Commission Primary Name for this Reaction: glucose-6-phosphate isomerase

Enzyme Commission Synonyms for this Reaction: phosphohexose isomerase, phosphohexomutase, oxoisomerase, hexosephosphate isomerase, phosphosaccharomutase, phosphoglucoisomerase,
phosphohexoisomerase, phosphoglucose isomerase, glucose phosphate isomerase, hexose phosphate isomerase, D-glucose-6-phosphate ketol-isomerase

4GY (kcal/mol): 0.4 KCAL/MOLE [Stryeras |

Gene-Reaction Schematic: ﬂ

Arabidopsis thaliana

Spinacia oleracea Triticurn agstivumn Saccharomyces cerevisiag

Pyracoccus furiosus Mycoplasma preumonize Lactobacilluz fermentumn

Unification Links(BREMDA:5.3.1.9 , NZYME:5.3.1.9 , ExplorEnz:5.3.1.9 , KEGG:RO0771

Relationship Links: UniProt:RFI ATED-T0:075781 , UniProt:RELATED-TO: 061113 , UniProt:RELATED-TO:082058 , UniProt:REL ATED-TO: 087059 , UniProt:RELATED-TO: 083488 , UniProt:RELATED-TO: 0843382 ,
UniProt:RELATED-TO:P06744 , UniProt:RELATED-TO:P06745 , UniProt:RELATED-TO:P08059 , UniProt:RELATED-TO:POASTT , UniProt:RELATED-TO:P12341 , UniProt:RELATED-TO:P12709 , UniProt:RELATED-
T0O:P13375 , UniProt:RELATED-TO:P13376 , UniProt:REL ATED-TO:P13377 , UniProt:REI ATED-TO:P18240 , UniProt:RELATED-TO:P28718 , UniProt:RELATED-TO:P29333 , UniProt:RELATED-TO:P34796 ,
UniProt:RELATED-TO:P34797 , UniProt:RELATED-TQ:P47862 , UniProt:RELATED-TO:P42863 , UniProt:RELATED-TO:P49105 , UniProt:RELATED-TO:P50309 , UniProt:REL ATED-TO:P52983 , UniProt:RELATED-
TO:P547240 , UniProt:RELATED-TO:P54242 , UniProt:REL ATED-TO:P78033 , UniProt:RFI ATED-TO:P78917 , UniProt:RELATED-TO:P81181 , UniProt:RELATED-TO: Q71 7P0 , UniProt:REL ATED-TO:Q9J556 ,
UniProt:RELATED-TO:Q9JTW1 , UniProt:RELATED-TO:Q9PMD4 , UniProt:RELATED-TO:QSRMC1 , UniProt:RELATED-TO:Q95B57 , UniProt:RELATED-TO: 09670 , UniProt:RELATED-TO:0Q59000 ,

UniProt:RFL ATED-T0O: 059083
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FDE and Structure Links |

EC HUMBER | COMMENTARY

5.3.1.9 -

RECOMMENDED NAME GeneOntology No.

Glucose-6-phosphate isomerase GO:0004347

REACTION REACTION COMMENTARY
DIAGRAM

D-Glucose G-phosphate = D-
fructose 6-phosphate

D-Glucose 6-phosphate = D-
fructose G6-phosphate

D-Glucose 6-phosphate = D-
fructose 6-phosphate

D-Glucose 6-phosphate = D-
fructose 6-phosphate

A

A
A
A

push-pull mechanism of ring opening in which H388 breaks the 05-C1 bond by donating a proton, and
simultaneously, K518 abstracts a proton from the C1 hydroxyl group

mechanism is based on an enediol intermediate

multistep catalytic mechanism, model including catalytically active amino acids

E PRINT

ORGANISM LITERATURE

Mus musculus 662633

Pyrococcus 662637
furiosus

Oryctolaqus 663346
cuniculus
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MetaCyc basa gaHHbIX N0 MeTabosfIM4ecKUm NyTam

In Pathway: sorbitol biosynthesis |, starch biosynthesis , sucrose degradation IV, sucrose degradation |11, heterolactic fermentation , gluconeogenesis |, formaldehyde oxidation |, glycolysis V (Pyrococcus) ,
glycolysis 111, glycolysis | , GDP-mannose biosynthesis , Bifidobacterium shunt , homolactic fermentation , mannitol cycle , gluconeogenesis |l (Methanobacterium thermogutotrophicum)

o 7
| a OH -
- 0=F—n0
D_'ﬁ_DA - | o ~—OH
D o i ul L_ N
HO OH —_— \\ \}
Wl HO™ OH
p-D-glucose-6-phosphate D-fructose-6-phosphate

The reaction direction shown, that is, A + B <==> C + D versus C + D <==» A + B, is in accordance with the Enzyme Commission system.
Enzyme Commission Primary Name for this Reaction: glucose-6-phosphate isomerase

Enzyme Commission Synonyms for this Reaction: phosphohexose isomerase, phosphohexomutase, oxoisomerase, hexosephosphate isomerase, phosphosaccharomutase, phosphoglucoisomerase,
phosphohexoisomerase, phosphoglucose isomerase, glucose phosphate isomerase, hexose phosphate isomerase, D-glucose-6-phosphate ketol-isomerase

467 (keal/mol): 0.4 KCAL/MOLE [Stryer8s |

Gene-Reaction Schematic: ﬂ

Saccharamyces cerevisiae

Fyrococcus furiosus Mycoplasma pneumoniae Lactobacillus fermentum

Unification Links: BRENDA:5.3.1.9 , ENZYME:5.3.1.9 , ExplorEnz:5.3.1.9 , KEGG:R00771

Relationship Links: UniProt:RELATED-T0:025781 , UniProt:RELATED-TO: 061113 , UniProtRELATED-TO:082058 , UniProt:RELATED-TO: 082059 , UniProt:RELATED-TO: 083488 , UniProt:RELATED-TO: 084382 ,
UniProt:REL ATED-TO:P06744 , UniProt:RELATED-TO:P06745 , UniProt:REL ATED-TO:P0805% , UniProt:RELATED-TO:POAGTT , UniProt:RELATED-TO:P12341 , UniProt:RELATED-TQ:P12709 , UniProt:RELATED-
TO:P13375 , UniProt:RELATED-TO:P13376 , UniProt:RELATED-TO:P13377 , UniProt:RELATED-TO:P18240 , UniProt:RELATED-TO:P28718 , UniProt:RELATED-TO:P29333 , UniProt:RELATED-TO:P34796 ,
UniProt:REL ATED-TO:P34797 , UniProt:REL ATED-TO:P42862 , UniProt:REL ATED-TQ:P42863 , UniProt:RELATED-TO:P49105 , UniProt:RELATED-TO:P50309 , UniProt:REL ATED-TO:P52983 , UniProt:RELATED-
TO:P54240 , UniProt:RELATED-TO:P54242 , UniProt:RELATED-TO:P78033 , UniProt:RELATED-TO:P78917 , UniProt:RELATED-TO:P81181 , UniProttRELATED-TO:Q7LZP0 , UniProt:RELATED-TO: Q9556 ,
UniProt:REL ATED-TO:Q9JTW1 , UniProt:REL ATED-TO:Q9PMD4 , UniProt:RELATED-TQ:Q9RMC1 , UniProt:REL ATED-TO:Q95B57 , UniProt:RELATED-TO:Q9X670 , UniProt:RELATED-TO: Q59000 ,
UniProt:RELATED-TO: Q59088

Bbibpanu nHTepecyroLmnm opraHmam



MetaCyc basa gaHHbIX N0 MeTabosfiM4ecKum nNyTam

o i
| a OH -
- 0—FP—=0
D_,ﬁ_g—*“\ - f .
: o ., 0 ‘L_ £.0H
HO OH —_— E\ \}
e HO®  OH
p-D-glucose-6-phosphate D-fructose-6-phosphate

The reaction direction shown, that is, A + B <==» C + D versus C + D <==» A + B, is in accordance with the Enzyme Commission system.
Enzyme Commission Primary Mame for this Reaction: glucose-6-phosphate isomerase

Enzyme Commission Synonyms for this Reaction: phosphohexose isomerase, phosphohexomutase, oxoisomerase, hexosephosphate isomerase, phosphosaccharomutase, phosphoglucoisomerase,
phosphohexoisomerase, phosphoglucose isomerase, glucose phosphate isomerase, hexose phosphate isomerase, D-glucose-6-phosphate ketol-isomerase

467 (keal/mol): 0.4 KCAL/MOLE [Stryerss |

Gene-Reaction Schematic: H

Arabidopsis thaliana

Spinacia oleracea Triticum aestivum Saccharomyces cerevisiag

Fyrococcus furiosus Mycoplasma pneumoniae Lactobacillus fermentum

Unification Links: BRENDA:5.3.1.9 , ENZYME:5.3.1.9 , ExplorEnz:5.3.1.9 , KEGG:R00771

Relationship Links: UniProt:RELATED-T0:025781 , UniProt:RELATED-TO: 061113 , UniProt:RELATED-TO:082058 , UniProt:RELATED-T0O: 082059 , UniProt:RELATED-TO: 083488 , UniProt:RELATED-TO: 084382 ,
UniProt:REL ATED-TO:P06744 , UniProt:RELATED-TO:P06745 , UniProt:RELATED-TO:P08059 , UniProt:RELATED-TO:POASTY , UniProt:RELATED-TO:P12341 , UniProt:RELATED-TO:P12709 , UniProt:RELATED-
TO:P13375 , UniProt:RELATED-TO:P13376 , UniProt:RELATED-TO:P13377 , UniProt:RELATED-TO:P18240 , UniProt:RELATED-TO:P28718 , UniProt:RELATED-TO:P29333 , UniProt:RELATED-TO:P34796 ,
UniProt:RELATED-TO:P34797 , UniProt:RELATED-TO:P47862 , UniProt:RELATED-TO:P47863 , UniProt:RELATED-TO:P49105 , UniProt:REL ATED-TO:P50309 , UniProt:RFL ATED-TO:P52983 , UniProt:RELATED-
TO:P54240 , UniProt:RELATED-TO:P54242 , UniProt:RELATED-TO:P78033 , UniProt:REL ATED-TO:P78917 , UniProt:REL ATED-TO:P81181 , UniProt:RELATED-TQ:Q7LZP0 , UniProt:RELATED-TO: Q9556 ,
UniProt:RELATED-TO:Q9JTW1 , UniProt:RELATED-TO:Q9PMD4 , UniProt:RELATED-TO:Q9RMCT , UniProt:RFL ATED-TO:Q95B57 , UniProt:RELATED-TO:Q9X670 , UniProt:RELATED-TO: Q59000 ,
UniProt:RELATED-TO: Q59088




MetaCyc basa gaHHbIX N0 MeTabosfiM4ecKum nNyTam

MetaCyc Pathway: glycolysis |

Enzyme View: | All Organisms El [ Maore Detail ] [ Less Detall ] [ Species Comparison ]

starch degradation
transport of glucose by FTS
1

Fi'D'ﬂ'UﬁﬂSe::i'llhﬂSPhﬂe sarhital degradation 11

sucrose degradation |

L-sorbose degradation
phosphoglucose X )
isomerase (Eck: Ec-pogi rnannital degra.datu:-r'! 1
phosphoglucose D-rmannose degrad_atn:-n
isomerase (At): At-PGI1 D-allose degradation
glucose-6-phosphate
isomerase (Sc): Sc-PGil
glucose G-phosphate
isomerase (Mp):
53149

pentose phosphate pathway

D-fructose-b-pHUSPITATE
—_—
fructose-1,6-
+! = bisphosphatase {Ec): Ec-fhp =-phosphofmctokinase (Ec): Ec-pfkB
fructose 1,6- ATP - " i o=
phosphat hisphnsph,aiase (Ech: Ec-glpX _\ +!G=phosphofructokinase {Ec): Ec-pfkh
fructose-1,6- =' G-phosphofiuctokinase {Rc)
e bisphosphatase {Ec): Ec-yggF H* _‘,/ +! 2 G-phosphofrctokinase (Rc)
z fructose 1,6- ADP G-phosphofructokinase (Mp): Mp-pfkA
bisphosphatase {Ec): Ec-ybh#A 27111
31311 S
fructose-1,6-bisphosphate
&

fructose bisphosphate
aldolase {Ec): Ec-fbaB
fructose bisphosphate
aldolase {Ec): Ec-fhaf
fructose-1,6-bisphosphate
aldolase {Zm}
fructose-1,6-
bisphosphate aldol (S0}
fructose-bisphosphate

trinas nhnanhate aldolase {MII}: Mp—fha

Orlpe,uenmnm MeCTO peaKkuunn B MeTabonmyeckom nyTn



[TocTpoeHne metabonmyeckon Mmoaenu

“The simplest living cell is so complex
that supercomputer models may never
simulate its behavior perfectly.

But even imperfect models could shake
the foundations of biology.”

W.Wayt Gibbs. Scientific American, 2001

«[1pocTeniada kneTka HaCTONbKO CIMOXHA, YTO daxe
MOOenupoBaHMe Ha cynepkoMnbioTepax HUKoraa He
BOCMPOM3BEOET ee NoBegeHne B COBEPLLUEHCTBE.
Ho goaxe HecoBepLUeHHbIe MOAEeNN MOTYT NOTPACTU
OCHOBbI Dnonorun.»



TeopeTnyeckme noaxoabl N KOHLENLUNN
MeTaboIM4ecKoro MoaernmMpoBaHuns

Knaccuyeckul cucmemMHbIU Noodxo0

1. BblOENnTb AliIEMEHTAapPHble eANHNLBbI CUCTEMbI

2. 0OXapaKTepusoBaTb BCe 3Ha4YMMble
B3aMMOOENCTBUSA Mexay egnHuuamm

3. opraHu3oBaTb eguHULbI KaK nepapxuio
B3aMMOAENCTBYOLWNX MOAYIEN

4. onucaTb COCTOAHME KaXkOou eanHULbI U
KaXkOoro B3aMoaencTBUga KONMYeCcTBEHHO



JaHHblIe Oris1 eepughukayuu
mMemabosiudeckou mooesnu

1. MHOrne (HO He Bce) BHYTPUKIIETOYHbIE
KOHUEHTpaun metabonnToB MOryT ObITb

N3MeEpPEHLI.
2. B cTaumMoHapHOM COCTOSAHUM BONbLUMHCTBO

MeTaboIM4YeCcKknx NoToOKOB MOXeET ObITb
onpeaeneHo ¢ nomMoLlbo nsotona 13C.

3. AKTMBHOCTU pepPMEHTOB MOTYT ObITb
onpeneneHbl U3 KNEeTOYHbIX 9KCTPAKTOB.

4. KNHeETU4YECKNE KOHCTaHTbI DOSbLIMHCTBA
doepMeHTOB onpeaeneHsl n cobpaHbl B 6a3bl
OAHHbIX.



KonuyecmeeHHbIe 3HaHUSI O2pPaHU4YeHbl

1. CywecTtByeT OonblUag pasHuua mexay
OVUCKPETHbIMU OaHHbIMU, Moflyd4aemMbiMn B
9KCNepPMMEHTaX U HEMPEPbIBHbIMU
domnamnonorndecknmm npoueccamm.

2. [1aHHble 0 HEKOTOPLIX BaXXHbIX KIETOYHbIX
npoueccax noka OTCYyTCTBYIHOT.

3. lNpnHUMNnuansbHoe orpaHnyeHne 4OCTYMNHOMU
MHJOopMaLUW.

4. [1aHHbIe cobupatloTcs anga pasHbiX LUTAMMOB
pa3HbIX OPraHM3MoB B pa3HbIX
aKCnepMMeHTanbHbIX YCNOBUSX.



Kak cTtpositcss meTabonuyeckne moaenmu

1. MeTabonunueckas peakuusi nobasndeTtca, yompaetcs
NN 3aMEHSIETCS Ha OPYryHo.

2. MexaHun3am peakuun yCnoXXHaeTcs, ynpoLlaeTcs,
3aMeHseTCcs OpYyrmMm.

3. HensBecTHbIe KMHETUYECKNE MapaMeTPbl OLLEHUBAOTCA
C NMOMOLLbIO OUTUPOBAHUAL.

Mi— M, — M,

\ s M6a — M?a

M4—> M5

\ h Mg, —> My,
» M, — M, — M

8 9 10




Tunbl meTadbonmMyeckux moaenen

KUHeTu4eckue mogenu — cuctemol O1Y

e (~10-50 ypaBHeHun, ~100-500 napameTpoB)

* NepemMeHHass Mogenu - metabonut

e OrnucaHue oTaeNbHbIX METADONNYECKUX NYTEN

* pelleHne Mogenn — guHaMn4eckoe noBegeHme
MeTabonNUToOB BO BPEMEHH

cTexnomeTpuyeckume (NOTOKOBbLIE) MOoOenu — CUCTEMBI
NIMHENHbIX arnredbpandecknx ypaBHeHUm

* (~100-1000 ypaBHEHUN)

* nepemMeHHasi Mogenn — metTabonn4eckmin NoToK

e onuncaHue metadbonmama Lefion KneTku

* peLlleHne Mogenun — ctaunoHapHoe pacnpeneneHme
MeTaboIMYeCcKnx noToKoB



[lpeacTtaBneHne cKopoCcTU peakLmnn

B cooTBeTCTBMM C 3aKOHOM OENCTBYIOLLMX MacC

(CKOpPOCTb peakuun nponopumoHarbHa BEPOATHOCTN CTOSTIKHOBEHUSI peareHToB, a
BEPOATHOCTb B CBOK o4vepeab NponopunoHanbHa KOHLEHTpaun peareHToB C y4eToM
MOJNEKYNAPHOCTM peakuunm)

kl

Ons peakuum S, +35,% 2>2P

K1

) Vv - 00LLasa CKOPOCTb peakuum
V= klslsz - k_1 P° = V, —V_ V, - CKOPOCTb NPAMON peakuunm
V. - CKOPOCTb 0bpaTHON peakuunm

B obwem Buae:

m; n mj COOTBETCBYHOT

V= = k+ | I Simi — ki I I ijj MOMNeKynsipHocTH S, n P,
i |

CKOpPOCTb peakuun MOXeT ObITb Bblpa)KeHa Kak Yepes3 KOHUEeHTpauuun
pearmpyroLwimx BeLEeCTB, Tak 1 B Buae 6anaHca CKOpoOCTeun npsiMmbiX u
obpaTHbIX peaKkuun.




CtexnomeTpunyeckmne KoapmnLUmNEHTD

CTtexnomeTpuyeckune KoapdoununeHTol 0603Ha4aoT NPoNopLnm
cybCcTpaToB 1 MPOAYKTOB, Y4aCTBYIOLLNX B peakumn.

V

npwep: S +S, e=—>2P

CtexnomeTpuyeckmne koadpuumneHTbl ana S, S, n P: -1, -1 n 2,

Habop ctexnomeTpnyeckmnx KoapdouLneHTOB HE EANHCTBEHEH:

ecnu cynTaTb, YTO ANA NonyyYeHUs OgHOro MOJS UCNOrb3yeTCs No NonoBUHE
MOnS Kaxkgoro cybctpara S, n S, MOXHo 3anucatb: -1/2, -1/2 n 1;

NN ecrnn N3MEHNTb HanpasfeHne peakuun, Torga MoXHo 3anucatb: 1,1 n -2.



OLY ana ogHOU N HECKOMNbKUX peaKkLnn

v
aapeann S +S,==22P  v=v,-v
nveem OL1Y:
ds, — ds, — vy ybbIrib cybcTparta S, CoO CKOPOCTLIO V
dt dt conpoBoxaaeTcs ybbinbio cybctparta S, ¢ Tou ke
dpP CKOPOCTbIO U YABOEHHOW CKOPOCTHLIO YBENNYEHUS
E =2V KOHLEeHTpauuu npoaykra P
b il"
d‘sg _ o n; — CTEXMOMETPUYECKNe KOIPPULIMEHTDI
Jt 4 - i meTabonuTa i B peakuuu j i=1..m
. =

Ona metabonnyeckon ceTn, COCTosALWLEN U3 M MeTaboONUTOB U I peakumi,
OVHaMMKa CUCTEMbl OMUCLIBAETCA CUCTEMON M YPaBHEHUN,

YpaBHEHUS1 Ha3. ypaBHEHUSAMU BanaHca, NOCKOMbKY paccMaTpuBaeTcs
BGanaHc mexay CMHTE30M U1 pacnagom metabonura:



KuHetTnuyeckue mogenm

- MOCTPOEHME CXEMbI METabONMNYECKOro NyTu
- BbIBO/] YPaBHEHUS CKOPOCTU ANS KaXXO0on peakuum

- 0bbegnHeHne B cuctemy andpdepeHumanbHbIX
YpaBHEHUU

-noabop napameTpoB

-Bepudurkaymsa Moaenu rno aKkcrnepuMeHTanbHbIM
OaHHbIM



LleHTpanbHble meTabonuyeckue nyTu

Glc—Ep Gicep +> i-':ulf.{ﬂ*i

E%:.T

™
>
=
e
X
>
=
(-

tpi
DAP < GAP

t}‘:lwxn TPUKapOOHOBbLIX

AKG kucnot

AL



BbiBO4 ypaBHEHNA CKOPOCTU

tpi
DAP < GAP

/ \ KnHeTnyeckaa cxema
B3aMMOOENCTBUS cybcTpaTa u

>E+P npoaykTa ¢ hepMeHToM

KaTtanutuniecknm unkn gepmeHTa

S DAP
K, K,
m /_1(1\
E ES tpi toi-DAP
\_M \_M
K, K,



BbiBO4 ypaBHEHUA CKOPOCTU
MeToa KBa3n-ctauMoOHapPHbLIX KOHLEeHTPauun

KnHeTn4yeckasi cxema B3anmogencTema cybctpara n npoaykra ¢ oepMeHTOM:
kl k2

E+S < > ES < >E+P
k k ,
CooTBeTcTBYIOWAas cnctema anpdepeHumanbHbIX YpaBHEHUN:

d—S:—kl-S-E+k_1-ES
C(;lt MedJ1eEHHbIE NepeMeEeHHbIE

P
E:kz’ES—k_Z'E'P
dE

~—=—k-S-E+k ,-ES+k,-ES—k,-E-P |

{ \~ ObICTpble NepemMeHHble

dES
—=k -S-E-k_-ES—-k,-ES+k_,-E-P_
dt
YpaBHeEHME CKOPOCTH:
S P
K, ——K,—+
dP dS K, K,
dt dt 14 o N o



OnpeneneHne KOHCTaHT CKOPOCTU

ansa Tpnosodocdat nsomepassol (tpi)

: Coap Comr
tpl [K DAP ] [K GAP ]

DAP < GAP _

DAP GAP

K DAP KGAP
C*)I/ITI/IpOBaHI/Ie MeToa4OM JKCrNnepnmeHTaribHble

HaMMEHbLLUNX KBaApaToB TOYKH

DAP
Km =23 mM KOHCTaHTbl Mmnxaanuca ans
cybcTpaTa n npogykra
KGAP
n = 1.5mM

-

_ : KaTanuTU4yeckne KOHCTaHTbl Angd
K __45000 1/m|n,. npsiMon N obpaTHOW peakunn
k ,=520000 1/min " yycno oGopotos depmenTa)
\ J
'

\

©a3bl JaHHbIX



MetaCyc basa gaHHbIX N0 MeTabosfiM4ecKum nNyTam

Enzymatic reaction of: phosphoglucose isomerase

Synonyms: glucose-6-phosphate isomerase, D-glucose-6-phosphate-ketol-isomerase

B-D-olucose-6-phosphate <= D-fructose-6-phosphate

The reaction direction shown, thatis, A + B <==> C + D versus C + D <==> A + B, is in accordance with the direction of enzyme catalysis.
This reaction is reversible. [ Ishii07 ]

In Pathways: gluconeogenesis |, glycolysis | , GDP-mannose biosynthesis

Summary:
The equilibrium constant for the reaction is 0.30 [ Ishii07 ].

Citations: [ Klungsoyré4

Inhibitors (Competitive): phosphoenolpyruvate [ Ogawa(7 ]

Inhibitors (Unknown Mechanism): 6-phospho-D-gluconate [ Schreyer80 ]

Ky, for D-fructose-6-phosphate: 78 pM [ Ogawal7?

Ky, for B-D-glucose-6-phosphate: 1018 pM [ Ogawal?

PHiopt): 8 [Schreyer8o

Onpeoenunun KNHETUYECKNE KOHCTaHTbI ANA ypaBHEHUA ckopocTu ans E.coli



BRENDA Bba3a gaHHbIx no benkam

Wigdlo diidg iJgis
L0 Kl."l VALUE [mM] (KM VALUE [mM] SUBSTRATE ORGANISM COMMENTARY LITERATURE [ I} 1AGE
Activating Compound Maximum
Functional Parameters 0.031 . D-fructose 6- Homo sapiens pH 7.5, 30°C, recombinant mutant $278L 702456 @20
KM Value phosphate image
Turnover Number
IIK KM Val 0.034 - D-fructose 6- Homo sapiens pH 7.5, 30°C, recombinant mutant 1525T 702456 82D
CAURINVEINE phosphate image
llki vaiue - - - -
||ICSU Value 0.037 - D-fructose 6- Homo sapiens pH 7.5, 30°C, recombinant wild-type enzyme 702456 82D
phosphate image
Nspecific Activity - - ,
. 0.038 - D-fructose 6- Homo sapiens pH 7.5, 30°C, recombinant mutant R347H; pH 7.5, 30°C, recombinant 702456 820-
||pH Optimum
lorRance phosphate mutant R75G image
||Temperature Optimum 0.039 - D-ructose 6- Homo sapiens pH 7.5, 30°C, recombinant mutant L437F 702456 8 20-
phosphate image
||Temperature Range
0.04 - D-fructose 6- Methanocaldococcus 50°C,pH 6.3 649517 8 20-
Organism related phosphate lannaschi image
Information 0.045 - D-fructose 6- Homo sapiens pH 7.5, 30°C, recombinant mutant A300P; pH 7.5, 30°C, recombinant mutant 702456 @20
Saurce Tissue phosphate L339P image
Localization 0.046 - D-fructose 6- Homo sapiens pH 7.5, 30°C, recombinant mutant R347C; pH 7.5, 20°C, recombinant 702456 ®2D-
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Effects of inherited mutations on catalytic activity and structural stability of human glucose-6-phosphate isomerase
expressed in Escherichia coli EB@A

Lin, H.; Kao, Y.; Chen, S.; Meng, M.; Biochim. Biophys. Acta 1794, 315-323 (2009)

Data extracted from this reference:

Cloned(Commentary)
commentary . [Organism |

expression of wild-type and mutant enzymes in Escherichia coli strain DF2145Homo sapiens
Engineering

exchange - i 9

ADOP the mutation may affect the felding efficiency of the enzyme protein, the mutant shows reduced expressicn level and barely detectable activity ::pT;s
E495K the mutation may affect the folding efficiency of the enzyme protein, the mutant shows reduced expression level and barely detectable activity; the mutation weakens network bonding of the enzyme :pr::'ls
H3E9R the mutsation at or near the active site highly affects the catalytic efficiency of the enzyme, the mutant shows barely detectable activity ::pT:'ls
1525T the mutation decreases the enzyme tolerance to heat or SDS by mechanisms of decreasing padiing efficiency; the mutation destabilizes the ternary structure of the enzyme ;Dpr:,::'ls
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Effects of inherited mutations on catalytic activity and structural stability of human glucose-6-phosphate isomerase expressed  Related citations =

in Escherichia coli. Erthrocyte pyruvate kinase- and glucose
phosphate isomerase de [Biophys Chem. 1997]
Lin HY, Kao YH, Chen ST, Meng M. T S g

Expression and enzymatic characterization of

Graduate Institute of Biotechnology, Mational Chung Hsing University, Taichung, Taiwan 40227, Republic of China. human glucose pho: [Blood Cells Mol Dis. 1998]
Abstract Molecular basis of neurological dysfunction
) ) ) . ) ) coupled with haemalytic anat [Hum Genet. 1998]
Glucose-6-phosphate isomerase (GPI), a homodimeric enzyme, catalyzes the interconversion between glucose-6-phosphate and fructose-6-phosphate. In mammals, it can . s R e
also act as an autocrine maotility factor, neuraleukin, and maturation factor. Deficiency of the enzymatic activity in red blood cells causes nonspherocytic hemalytic anemia in Glucose-6-phosphate isomerase o
A i ] } . i A ) . ] d [Baillieres Best Pract Res Clin Haematol. 20..]
human. To gain a more complete understanding of the molecular basis for the hemolytic anemia due to the GPIl-deficiency, the wild-type enzyme and sixteen genetic variants

were expressed in Escherichia coli and functionally characterized. Conclusions are as follows: (1) mutations usually have negative influences on catalytic parameters, Reace” %H;CE?JWC egzymerisotrdeﬂrs_ o
diovasc Hematol Disord Drug Targets. 200...
particulariy kicat). as well as structure stability: (2) mutations at or close to the active site, including R273H, H389R, and S278L, cause areat damage to the catalytic function, yet ~ — oo 0 2= C HEMAOIDIS0TE Drug Targets !
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(Cleland 1963)
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Kak eblieodumcsi ypasHeHuUe ckopocmu 8 criydae bornee, 4em 00HO20 cybcmpama u rnpodykma?
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*[loka3aHo, YTO MOrnoLeHNE rMKO3bl B OCHOBHOM KOHTPONUPYETCS
OBYMSI cuctemMamu: TpaHcnopTtHon (PTS) n ee nHrmbutopamu.



