MoagenupoBaHue
METa0O0JINYECKUX
[IyTeH

[ntocHMHa TaTtbsiHa KOpbeBHa
[ou-T kadh.6mnodnankn
buonornyeckoro p-ta MI'y



MeTtabonunam (ot rpey. YeTaoAn —
«npeBpalleHne, UsMeHeHne» ), — Habop
XUMWYECKMX peakLnin, KOToOpble NMpoTeKatoT
B XXMBOM OpraHm3me u cnocobCTByOT
noaaepXXaHuo XXU3HN.

MeTabonun4yeckmm nytb — COBOKYMHOCTb
MeTabonnyecknx peakumnm

MeTtabonuTbl — cybcTpaThl U NPOAYKTHI,
y4acCTBYIOLLME B peaKkymsax



[lean v 3aga4u META0OJIMYECKOIO MOACIUPOBAHHUS
Hay4yHbie 3adayu:
‘cnucremMatmn3daumsd HakorJieHHbIX 3KCNnepmnmmMmeHTalsibHblX JaHHbIX

*“CCneJoBaHNe MEeXaHU3MOB KIIETOYHOM PETYIISIIUU B CITOXKHbIX
BNOXMMUNYECKMX cUCTEMAX

*0ObACHEHME SKCNEPMMEHTANbHO YCTAHOBIEHHbIX (DaKTOB
npeackasaHne HOBbIX ELLE He BbISBNEHHbIX BHYTPUKNETOYHbIX SIBIIEHUI

BuouH)xeHepHbIe 3a0a4qu:
*pa3paboTka HOBbIX JIEKAPCTB

*ONTUMM3ALMS NONyYeHNss HEOOXOANMbIX BELLECTB 13 BakTepmarnbHbIX
KNeTOoK N ApYrMx opraHM3moB

*pa3paboTka HOBbIX LUTAMMOB C Hanepe[ 3agaHHbIMU CBOMCTBaMM

*‘onTnMnM3aunad yxe CyLiecTtByroLLNX NMPOMbILLIIEHHbIX LUITAMMOB



YpOBHU nccrnegoBaHmnst METAabONMNYECKUX peakLnn

In vitro In vivo In silico




MoaenrpoBaHue META0OJIMYECCKUX MyTEH
Escherichia coli

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

Escherichia coli — yoobHbI 06BLEKT ANs MOAENMPOBaHUSA KIETOYHOIo Metabonmama



ONEeKTPOHHAA KneTka: Mud unn pearibHOCTb?
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TeopeTnueckue moaxoasl U KOHIECILIUU
METa00INYECKOr0 MOACTUPOBAHUS

Knaccuueckuit cucmemmuwiiit nooxoo

1. BblOENUTDL ArieMEeHTapHble eANHNLBbI CUCTEMbI

2. oxapakTepu3oBaTb BCe 3Ha4YMMble
B3aUMOAENCTBUA MeXay eaAnHMLamm

3. opraHu3oBaTb egnHULbI KaK hepapxuio
B3aMMO4ENCTBYOLWNX MOAYNEN

4. onucaTb COCTOSHUE KaXXOon eanHULbI U
KaXkOoro B3aMoaencTBUga KONUYeCTBEHHO

W. Wiechert and R. Takors. Validation of Metabolic Models:
Concepts, Tools, and Problems, pages 277-320.
Horizon Scientific Press (Horizon Bioscience), 2004.



JaHHblIe Onsi eepughukayuu
mMemabosiuyeckou mooesnu

1. MHOrme (HO He BCe) BHYTPUKINETOUYHbIE

KOHLUEHTpauun metabonmToB MOryT ObITb
N3MEPEHHDI.

2. AKTUBHOCTU DEPMEHTOB MOTYT BbITb
onpeaeneHbl U3 KNeTOYHbIX 3KCTPaKTOB.

3. B cTtaymoHapHOM COCTOSIHMK DOSbLUMHCTBO
MeTabONMNYECKUX MOTOKOB MOXET ObITb
ornpeaeneHo ¢ nomMmoLlbto nsortona SC.

4. KnHetnyeckme KOHCTaHTbl MHOMMX peakunn
N3MepeHbl N cobpaHbl B 0a3bl AaHHbIX.

W. Wiechert and R. Takors. Validation of Metabolic Models:
Concepts, Tools, and Problems, pages 277-320.
Horizon Scientific Press (Horizon Bioscience), 2004.



KonuyecmeeHHblIe 3HaHUSI 0O2pPaHU4YeHbl

1. CywecTtByeT OonblUasa pasHuua mexay
OVUCKPETHbIMU OaHHbIMU, MoflydYaeMbiMU B
9KCMepMMeHTax N HernpepbIBHbIMU
domnamnonorndecknmm npoueccamu.

2. TexHn4eckme orpaHnyeHns
(HecoBepLUEHCTBO NMPUbopoB).

3. [1aHHble 0 HEKOTOPbLIX KNEeTOYHbIX npoLeccax
OTCYTCTBYIOT.

4. [1aHHble cobupatoTcs anga pasHbixX WTaMMOB,
Pa3HbIX OPraHN3MoOB, B pa3HbIX
aKCnepuMeHTarbHbIX YCNOBUSX.

W. Wiechert and R. Takors. Validation of Metabolic Models:
Concepts, Tools, and Problems, pages 277-320.
Horizon Scientific Press (Horizon Bioscience), 2004.



Pa3Hble YPOBHU CNOXHOCTU OpraHmn3aumnmn KrneTok

KneTka aykapuot

KneTka npokapuoTt

KneTto4Hble npoueccChbl JTOKarnm3oBaHbI
B Pa3HbIX KOMNapTMEHTax

Bce npoueccChbl NpoTekarT B OAHOM KOMMNapTMEHTE



Kak cTposaTca metabonmyeckmne moaenm

1. MeTabonunyeckasi peakuusa gobaBnsieTcs,
ybupaeTca nnm saMmeHsieTca Ha Opyrylo.

2. MexaHn3m peakuumn yCroxXHsaeTcs, ynpoLlaeTcs,
3aMeHAeTCca Apyrum.

3. HensBecTHble KNHeTU4YeCcKe napamMmeTpsbl
OLEHMBAKOTCA C NOMOLLLIO PUTUPOBAHUA.

W. Wiechert and R. Takors. Validation of Metabolic Models:
Concepts, Tools, and Problems, pages 277-320.
Horizon Scientific Press (Horizon Bioscience), 2004.
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W. Wiechert and R. Takors. Validation of Metabolic Models:
Concepts, Tools, and Problems, pages 277-320.
Horizon Scientific Press (Horizon Bioscience), 2004.



Tunbl MeTadbonuyecknx moaenen

KUHeTun4eckue moaenu — cuctemol Oy

¢ (~10-50 ypaBHeHuun, ~100-500 napameTpoB)

* OonuncaHune oTaeNbHbIX MeTabonMyeckux nyTemn

* pelueHne mogenu — guHaMn4yeckoe rnoseaeHne
MeTaboNUTOB BO BPEMEHMU

cTexuomeTpuyeckme Mmogenm — CUCTEMbI NIMHENHbIX
anredbpanyecknx ypaBHeHUM

* (~100-1000 ypaBHEHMN)

e onucaHue metabonmnama Lernon KrneTku

* pelleHne Moaenu — cTauMoHapHoe pacnpegeneHmne
MeTabonMyecknx noTokoB



“The simplest living cell 1s 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

«lpocTteniuas KrneTka HaCTOSbKO CrOXHA, YTO
Oaxke ModenMpoBaHMe Ha CynepKkoMnboTeEpax
HUKOraa He BOCMPOU3BELET ee nosedeHne B
coBeplleHcTBe. Ho gaxe HecoBepLUEHHbIE MOOENM
MOTYT NOTPACTM OCHOBbI ODNONOTUN.»



KnHetmnyeckmne moaenwu

- MOCTPOEHNE CXEMDbI MeTabonmnyeckoro MyTHU

- BbIBOA ypaBHeHU ckopocTu (rno tuny Mmnxaanuca-MeHTeH)
Ons KaXxgow peakumm n oobeanHeHne B CUCTEMY
andpdepeHumnansHbix ypasHeHun (OLY)

- nog6op NapamMeTpoB MO SKCNepuMeHTarnbHbIM AaHHbIM



Escherichia coli
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Figure from Ermir Qeli
Information Visualization Techniques for Metabolic Engineering

Onucanne MeTaboIM3Ma BKIFOYAET: Dissertation zur Erlangung des akademischen Grades Doktor der
MeMOpaHHbIe TPAHCIIOPTHEIE MPOLECCHI, aturwissenschaften (Dr. rer. nal
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NCMNOJIb30BaHUE aJlbTEPHATUBHbLIX MCTOYHUKOB Yyrriepoaa



Metabonunueckue nytu Escherichia coli
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Figure from Ermir Qeli

Information Visualization Techniques for
Metabolic Engineering

Dissertation zur Erlangung des
akademischen Grades Doktor der
Naturwissenschaften (Dr. rer. nat)

KpaCHbIM LBETOM BblAEJIEHbLI LEHTPAlIbHbIE meTabonunyeckune nyTn



LleHTpanbHble meTabornnyeckne nyTu
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BbiBOO ypaBHEHUSA CKOPOCTU

tpi
DAP < GAP

/ \ KuHeTnyeckas cxema
B3aumogencTeua cyberpara u

E+5% s ES ¢ b E + P npoaykta c depMeHTOM
k_, k_,
Katanutnyeckmn umkn pepmeHTa
S DAP
K, Kk
E ES tpi tpi-DAP
k, K



BbiBOO ypaBHEHUSA CKOPOCTU

KuHeTnyeckas cxema B3anmMogencTBust cyocTtpaTa n npogykra ¢ epMeHTOM:

Ky ky

E+S < > ES < >E+ P
k k_,
CooTtBeTcTBYlOWas cncrtema anddepeHunarnbHbIX YypaBHEHNN:
dS
—=—k-S-E+k_-ES
j}l; MeaJyieHHble nepemMeHHbIe
——=ky-ES—k,-E-P
t
dE -
— =k -S-E+k_ -ES+k,-ES—k_,-E-P
dt \~ ObICTpble NepeMeHHble
dES
7:](1 'S'E—k_l ’ES—k2 'EJS‘l-k_2 EP/
YpaBHEHME CKOPOCTMU: S p
ky 5~k —%
dP dS—V—E K’ K
T T T =5
dt dt 14 S N P




Onuncanne depMeHTaTUBHON peaKkumnm

KMHEeTNYecKasi cxema
(KaTanuUTUYECKUN LUMKN dbepMeHTa)

cucrtema gudd. ypaBHEHUA

nepapxms BpemeH
“cnorb3oBaHne Teopembl TUXOHOBA
peayKLUus CUCTEMBI

ypaBHEHME CKOPOCTU

OLieHKa napameTpoB




YpaBHeHUA cKoOpoCTU Anga TpmosodocdaT nsomepasbi (tpi)

CDAP k CGAP

pAP M2 -GaP
Km Km

1 4+ CDAP 4+ CGAP
KDAP KGAP
m m

tpi k,
DAP & GAP V=E,

OnpegeneHmne KOHCTaHT:
9KCNEPUMEHT

/

puTMpoBaHMe MeToaoM
-“% HanmeHbLUNX KBagpaTot

b R e

nuTepartypa
0a3bl AAHHbIX

DAP
K - =23 mM KOHCTaHTbl Muxaanuca ans
\ 9KCMEepPUMEHTarbHO

GAP cybcTpaTa 1 npoaykrta
K n = 1.5mM
. KaTanuTniyeckme KOHCTaHTbI ANs M3MeDsSeMble KOHCTaHThI
k,= 45000 1/min, npsimon 1 obpaTHON peakuuni P
k_2 = 520000 1/min (uncno obopoToB PEPMEHTA)




BbiBOA cnucteMbl ypaBHEHWU

B obuwem cny4dae

VYpaBHEHUS, ONMUCHIBAIOIIE U3MEHEHHS BO BpEMEHU KaxKJI0TO
MEeTa00JIUTA;

dC
dt] =2V, —uC,

C; — KOHLICHTpaNusi j-ro MeTabouTa
V;; — CKOpOCTh 00pa30BaHMs WK pacmaja j-ro MeTaboIuTa B i-
TOU pEeaKIUU

#C;— yMCHBIICHNE KOHLICHTPALMH 33 CYET KJICTOYHOTO POCTa



MoaoenupoBaHue LUeHTpanbHoro metabonuama E.coli
Glc'gﬂt" G':E'P +’ FlulSP :\:ll::;:;?sgiézi(i)(e:;::hical Engineering,

University of Stuttgart, Germany

Fmﬁ xulsp
™
= |
= FruB
o
<
- ¥
S GAEP Ery4P Sed
= )

NMeHTO30hoChaTHLIN NYTb

1. BbIBOA ypaBHEHMA CKOPOCTU A4

%m: KaXgoro pepmMeHTa.
2. ObbegnHeHne B cucTeMy
2 ypaBHEHUI OS5 BCErO MyTMu.

3. OueHka napamMeTposB.
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Pesynbrarel (pUTUPOBAHUS MOACIIH
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KnHetnka metadbonmTtos.

ToukM — aKkcnepuMeHTaribHble JaHHbIe Manired Rizzi et al,

Institute of Biochemical Engineering,

JInHun — pe3yrbratbl YACJIIEHHOIO CHETAa University of Stuttgart, Germany



Pe3yinprarsl MOAECIUPOBAHMUSA

*OnucaHa dKCIEPUMEHTAJIbHO HaOJIrogaeMasi IMHaMMKa (B TOM
YHCJIe U KoJeOaTeIbHbIN MPOILECC).

[lokazaHo, 4YTO MOMIOIIEHUE IITIOKO3bl B OCHOBHOM KOHTPOIUPYETCS
nByMs cucteMaMu: TpancnoptHol (PTS) u ee uHrnontopamu.

Manfred Rizzi et al,
Institute of Biochemical Engineering,
University of Stuttgart, Germany



Ilcnonb3oBaHMe 0a3 AaHHbIX AN
NOCTPOEHUA METADONTNYECKNX
Moaenewu



J. Edwards, M. Covert and B. Palsson

OT re H O M a D'O ¢e H OT M I-I a Environmental Microbiology (2002) 4(3), 133—-140
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[TocTpoeHne metabonnyecknx mogenemn

OCHOBHbI€e Waru:

Onpenenunu nocrnenoBaTenbHOCTb TEHOB (9KCMNEPUMEHT)
Bbloenunmn nHtepecyowmnm reH (3KCrnepmmeHT)
Onpenenunn aMmMHOKUCIIOTHYHO NocreaoBaTefibHOCTb (Dasbl
OaHHbIX)

Onpegenunu 6enok (basbl JaHHbIX)

Onpegenunu metabonunyeckyro peakuuto (b6assl JaHHbIX)
BHecnn B cxemy meTabornmyecknx nyten (MogenmpoBaHue)
[Tonyynnmn kapTuHy MeTabonnyecknx nyTen
(MogenupoBaHme)



ba3bl gaHHbIX N0 Da3aM AaHHbIM

PyccKkos3bIUHbIN pecypc

MonekynapHo-bmnonoruvyeckme 6asbl JaHHbIX

http://www.jcbi.ru/baza/index.shtml

AHI0SA3bIYHbIM Pecypc

NCBI LleHTp buoTexHonornyeckon nHdopmaumm

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




MonekynapHo-bnonormndyeckmne 6asbl AaHHbIX

OBBEOHHEHHBIH LEHTP BLIMHCAHTENLHOH BEHONOTHH H EHOHHOOPMATHKH

| 3arnagHan | Hayydelll CoBeT | Knactep | MpoekTel | Basbl gaHHbl | Cobinkl | OGLABNEHWA | KOHTAKTHI |

MonekynapHo-Gronoryeckne a3kl OaHHBIX

Mo andgaenTty ” OHK ” PHE ” Benkn ” MeTabonuyeckue Nyt ” EnGnuorpadgna ” Mpoyne ]

MoWck No HassaHW:
: end

Mowck no cnoey:
. end

B nactoAwee epema cywecTeytoT cotHu Web-caittoe, koTopele focTynHel AnA ob3opa W noncka JaHHbIX No MONeKynApHOA Buonorin n 4pyrm cMexHsmM gucuunnuHam. Kaxgana na
HWX MMEET CBOM OpMAT XPaHeHWA JaHHBDX, PAINUYHYH CTeNeHb W3BLITOYHOCTM, B3AMMOCEA3M C POACTEEHHEIMW UMW AHANOTWYHEIMKM Gazamu gaHHe. Kawxpnas 6a3a faHHelx WMeet
TAKHKE CBOM CPEACTEA AOCTYNA K MHHOPMALWK - PasniuHEIE NOWCKOBLIE NPOrPaMMEl, NPOrpaMMHEIE CPEACTBA BM3YANU3aunu, nononHeHna Baswl. KpynHedwne XpaHWnWLLa NepENYHELX
cTpykryp OHK 1 amuHokncnoTHeX nocnegoeatensHocTel (Takme, kak EMBL, GenBank, DDBJ, SWISS-PROT. PIR w gp.) nononHAKTCA aHHOTWPOBAHHEIMKM NOCMes0BaTensHOCTAMK
HENOCPEACTEEHHO WCCNEA0BATENAMM, paclundpoBaBLMMK WX, C NOMOLLEH AETOMATW3WPOBAHHON CHCTEMEl NoNoNHeHWA Baz gaHHex no cetw WHTepHeT. KoHeuHo, BnocnegcTemn STH
A aHHEIE NPOBEPAKITCA NEpPCOHANoM aaMUHUCTPAUMA B33 JaHHBIX W CYLLECTEEHHD NONONHAKTCA. BTOPEIM OCHOBHEIM WCTOYHWKOM WHBopMauun Bo Bcex Ba3ax ABNAETCA CheuWankHanA
HayyHaa nutepatypa. Muorwe Ga3awl ganHelX, paboTaiolyme Hag KONNEKUWOHWPOBAHWEM OAHOPOSHOA WHPOPMAaLWM, KOOPLMHUPYHT CBOM YCWAWA, OCYWECTENAR MemgyHapoAHoe
pazfeneHue TpY4a, 3T0 MOXHO NPOMNAKCTPUPOEaTE NPUMEPOM COTPYAHWYECTEA TPEX BCEMWUPHEIX KORMEKUWA nocnegoBartensHocTeil Hykneotwgoe EMBL (Eepona), GenBank (CLUA),
DDBJ (AnoHuA).

Hapaay ¢ ofwumn Gazamu JaHHLIX B NOCR&fHes BPEMA NOABUNOCE MHOMD CREUMann3npoBaHHEX MHBOPMAUMoHHEX pecypcoB. MHOTWE W3 HUX XPaHAT LAaHHLIE, NOMYYEHHLIE C
NOMOWEH KOMMBHTEPHEX METOLOE, De3yMNbTaTel TEOPETWYECKWX NpeAckazaHwid. Donelwyr pont B GMOWH(OPMATWKE WrpakiT XpaHWnuwa nocnegoeatensHocTed OHK u gHK,
CMeunanianpoBarHeie Ga3sl 4aHHeX N0 OTAeNEHEIM PEMYNATOPHEIM MOTMBAM HYKNEeOTWAHEX nocnedoBatensHocTeld, B33kl gaHHeX No 3Kcnpeccun reHoB, BubnuoTekn reHoMoe, kaprt,
nocnefoearencHoctell PHK, Benkoe, BenkoBbix moTMBOE, no npogykusw Benkoe. EcTe Ba3kl naHHEX no npoTeomMuke, cTpyKTypam Denkoe, myTauwam |, MeTabonuyeckuM myTAMm W
PEFYNALMM, MO TPAHCTEHHHEIM OPraHW3Mam, aHaTomMuK, BUoxXWMUM, 3 Talcke NO HAYYHOR NWTepaType, NO CYWECTBYHLWEMY B 3TWx 0bnacTAx WCCnefoBaHui nporpaMmHomy
obecnevyenno. Ecte pame Daza paddbix no BazaMm gadHblx, oHa wWmeeT agpec hitpdwww.infobiogen.frisenvicesidbcat 3To TekcToBwlil daiin c© avHoTaywAmn Gonee yem Ha 500
Buonorvdeckux Baz gaHHex. OH COOEpMMT KpaTKOE ONWCAHWE HasHauyeHus Bazel, aBTopoB, cceinkw W anpeca. [ns toro, uyrobel ofecneunTe OpueHTWpoOBaHWE B 3TomM oBLWWMpHOM
MHOpMauMoHHoM npocTpadcTee, #ypHan Nucleic Acids Research B Teuenne pAga NocnegHWx NeT Nepeslid HOMED 04 A NOCEALLAET ONWCAHMAM B33 JaHHBIX, CAENaHHEIM WX 3BTORaMK.

CNUcoK aHHOTMPOBAHHLIX CChINOK Ha MonekynApHo-Guonornyeckne Baabl AaHHEIX, NpefcTaBneHHell Ha Halwem caiiTe, oGHOBNAETCA NOCTOAHHD W OTPa#aeT NoNOMEeHWe Belled Ha

CErOAHALIHUA feHb.




MonekynsipHo-ononorndeckne dasbl JaHHbIX

M angaay || A | PHM@:@WMW || s || npowe |

1Dompeyes || 20-crppemps | so-crpppe || Ceweicrsa || Bowes || womes ||:|

AARSDE - AminoAcyHRMASynthetsses DataBase

ASTRAL - The ASTRAL Compendium for Sequence and Structure Anshysis
Bloimage - Biclogical Images for scientific research

BloMagResSank [BMRE] - repository for data from MMR on proteins, peptides, and nucleic acids
Bilocks - most highty conserved regions of proteins

BREMDA - enzyme database

CE - Databases and Tools for 2-0 Protein Strecture Comparison and Alignment
CIETT - 3 databasze of clusters of SWIS5-PROT+TrEMEL proteins.

COE - the dstabsse of Clusters of Ortologous Growps of proteins.

CallnD - Dali Domain Dictionan:

Di® - Datsbase of Interacting Proteins

DOMO - protein domain datsbase

DE5P - Dictionany of Secondany Structure of Proteins

ENEYME - ENZYME nomenclature datsbase

F55P - Fold classification based on Structure-Structure slignment of Proteins
GED - Gene Expression Omnibus

ETOP - Genomes TO Protein structures and functions

Hiwnes - Histone seguence database

HE5P - Homology-derived Secondany Structure of Proteins.

HUEE - Human Unidentified Gene-Encoded lange protein datshase

niParanold - Evkanyotic Ortholog Groups Database

IEroClsss - an integrated, comprehensive and annotated Protein Classificstion datsbass
1550 - Integrated Seguence-Structure Datsbase

Kabat - Kabat database of seguences of proteins of imr logical interest
Kioing - biochemical compounds declarative database

LGIC - Ligand Gated lon Channel subunit database

LUGAND - LIGAND chemical databaze for enzyme reactions

MERCOPS - Peptidase databasze

MetsFam - 3 comprehensive protein family resource

MMDS - Molecular Modelling DatsBase

MSD - Macromolecular Structure Datsbase

WL - Composite Protein Sequence Database

PALl - 5 databasze of Phylogeny and AL lgnment of homologous protein structures
PLE - Brookhaven Protein DataBank

PEAM - Protein families database of alignments and HMMs

FIR - Protein Information Resource

PIR-ALM - database of Protein seguence ALligNments

PMD - Protein Mutant Databasze

Prediciome - 3 database of putative functional links betwesn proteins

PRINTS - datsbase of protein family fingerPRINTS

proDom - Protein Domain families database

PROSITE - PROtein 5ITEs and patterns dictionany:

Prof DB

Rensse - Restriction Enzyme dstsBASE

SBASE - protein domain librany

SCOP - Structural Classification Of Proteins

EWISS-ZDPAGE

EWISS-PROT - the protein seguence data bank

The Homeodomaln Resource

TIGRFAMS - a protein family resource for the functional identification of proteins.
WEMEL - EMBL protein-coding DMA seguence features translated into peptide sequences
unierot - the Universal Protein knowledgebase
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ENZYME - ENZYME nomenclature datsbsze

==""Ealuch A (1004) Nuc! Acks Fies 22 3030-3027
Balmch A (1000) Nuc! Acks Ries 27 310-311
Balrogh A (2000) Nucl Ackos Fies. 2000 Vol 28 304305

ENZYME - xpasmniue wrdiOpMaumy, KSCII0WERCR HOMEHINATY !l DEPMERTOE. B NEpEYID CUEpEN: OH3 OCHOB3HI K3 PEKDMEHIAUNRX HOMSHENSTYpworo komeTeta [UBME (Nomenclsture Committes of the Intemational Union of
Biochemistry and Molecular Biclogy) w onicsIE3eT BCE THNGl SHIMMOE, EOTOPsM NpucEoeH kowep EC (Enzyme Commission). Mowck B Gase peanuzoeak no EC-Howepy, mnaccaw GepMeHToE, N0 XAMMUECEMM EOMNOKEHTAM, NO
CMPCIHID (DEROMEKIOEIHHOMY WK ANETEQHITHERIWY WMERN), 10 KodSKTORaM, No KasEarkAw Bonsskell, CERZIwMLD ¢ depwertom, Bepows 250, DaTwpoEarkar wonew 1959 roga w nonpaenswkss #3 15.10.55 wacurmaieseT 2705
ENMHKLE XpakernR. AETop Basd - Dr. Amos Bairch B Swiss Institute of Bicinformatics.
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BloCys - BioCyo Database collection
ERITE - Biomolecular Reaction Pathways fo Information Transfer and Expression database
Ecolye - Encyclopedia of E.coli Genes and Metabolism
EME - the Enzymes and Metabolic Pathways datsbass
EEGSE -Jiyoto Encyclopedia of Genes and Genomes
- Datsbsse of metsbolic pathwsys and snzymes
AP - bolic PathWays databsse
- Soybean metabolism datsBase
E2AD -\ Signaling PAthway Database
Uk-EE0 - University of Minnesota Biocatalysis/Biodegradation Diatabase
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http://www.ncbi.nlm.nih.gov/

-.-'-j MNCBI Resources [»] HowTo [+

< NCBI [

Maticnal Center for
Biotechnology Information

NCBI Home

Site Map (A-Z)

All Resources

Chemicals & Bioassays

Data & Software

DMA & RNA

Clomains & Structures

Genes & Expression

Genetics & Medicine

Genomes & Maps

Homology

Literature

Proteins

Sequence Analysis

Taxonomy

Training & Tutorials

Wariation

PubMed

{

All Databases
PubMed

Protein

Mucleotide

533

EST

Structure

Genome

BioSample
BioSystems

Books
CancerChromosomes
Conserved Domains
dbGaP

db\ar

Epigenomics

Gene

Genome Project
GENSAT

GEO Datasets

m

=]

biomedical and genomic infarmation.

ganization | Research | R35 Feeds

MCEBI software
3 or software
ccomplish specifictasks at MCBI

ato GenBank or other MCBI databases

Education Resources

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

chnology Information advances science and

aHros3blYHbIN pecypc

Ll Clear

Popular Resources

BLAST
Bookshelf
Gene
Genome
Mucleotide
ORI
Frotein
PubChem

PubMed

PubMed Central
SMP

NCBI News

Mew MCBI Mews [ssue

28 Mar 2011

Information about the new
PubMed Maobile and Bookshelf

Retirement of Peptidome, SRA &
Trace Archive

T

el 2

Cue to budget constraints, NCBI
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http://www.ncbi.nlm.nih.qgov/pubmed/

My NCBI Sign In

':-j NCBI Resources (»] HowTo [v]

PUbWedgov Search: PubMed E Limits Advanced search Help

Search J®EED

U.5. Mational Library of Medicine
National Institutes of Health

PubMed

nce journals, and online

PubMed comprises more than 20 million citations for biomedical literature from MEDLINE, life
books. Citations may include links to full-text content from PubMed Central and publisher web sites.

PubMed Tools More Resources
MeSH Database

Using PubMed

PubMed Quick Start Guide PubMed Mobile

Journals in NCBI Databases

Single Citation Matcher

Full Text Aricles

PubMed FAQS Batch Citation Matcher Clinical Trials
PubMed Tutorials Clinical Queries E-Litilities
LinkQut

MNew and NotewonhIrJ Topic-Specific Queries



Basa gaHHbIX no nyonukauusam B 6Guonorum n meguunHe

F-;.' MNCBI Resources [v] How To [»)

Pu bmed gov Search: PubMed =] F1RSS Savesearch Limits Advanced search Help

U.5. Mational Library of Medicine metabalic pathwa il Clear

Matiocnal Institutes of Health

Display Settings: Summary, 20 per page, Sorted by Recently Added Send to:

Results: 1 to 20 of 81030 Page|1 |of4052 Next> Lasts==

[[] Investigating the plant response to cadmium exposure by protecmic and metabolomic approaches.
1. Villiers F, Ducruix C, Hugouvieux V, Jarmo M, Ezan E, Garin J, Junot C, Bourguignon J.
Proteomics. 2011 Mar 8. doi: 10.1002/pmic.201000645. [Epub ahead of prin]

PMID: 21462346 [PubMed - as supplied by publisher]
Related citations

[[] Targeting phopshatidylinositol 3-kinase signaling with novel phosphatidylinositol 3.4 5-triphosphate antagonists.
Miao B, Degterev A.
Autophagy. 2011 Jun 1;7(6). [Epub ahead of print]

PMID: 21460619 [PubMed - as supplied by publisher]
Related citations

ha

[[] eEFE-2 kinase. another meddler in the "Yin and Yang" of Aki-mediated cell fate?
Cheng ¥, Yan L, Ren X, Yang JM.
Autophagy. 2011 Jun 1;7(6). [Epub ahead of print]

PMID: 21460616 [PubMed - as supplied by publisher]
Related citations

I

81030 ccbinok Ha kntodeBble cnosa “metabolic pathway”
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[Tpmep aMMHOKUCNOTHOW NOCneaoBaTernbHOCTU

MAALTRDPQFQKLQQWYREHRSELNLRRLFDANKDRFNHFSLTLNTNHGHILVDYSKNLV
TEDVMRMLVDLAKSRGVEAARERMFNGEKINYTEGRAVLHVALRNRSNTPILVDGKDVMP
EVNKVLDKMKSFCQRVRSGDWKGYTGKTITDVINIGIGGSDLGPLMVTEALKPYSSGGPR
VWYVSNIDGTHIAKTLAQLNPESSLFIIASKTFTTQETITNAETAKEWFLQAAKDPSAVA
KHFVALSTNTTKVKEFGIDPQNMFEFWDWVGGRYSLWSAIGLSIALHVGFDNFEQLLSGA
HWMDQHFRTTPLEKNAPVLLALLGIWYINCFGCETHAMLPYDQYLHRFAAYFQQGDMESN
GKYITKSGTRVDHQTGPIVWGEPGTNGQHAFYQLIHQGTKMIPCDFLIPVQTQHPIRKGL
HHKILLANFLAQTEALMRGKSTEEARKELQAAGKSPEDLERLLPHKVFEGNRPTNSIVFT
KLTPFMLGALVAMYEHKIFVQGIIWDINSFDQWGVELGKQLAKKIEPELDGSAQVTSHDA
STNGLINFIKQQREARVQ



BLAST basa gaHHbIX Mo cpaBHEHWUIO NOCeaoBaTenbHOCTEN

http://blast.ncbi.nim.nih.qov/Blast.cqi

BLAST M NCBI H
Home  Recent Results Saved Stategies Help scn o Reasien)

» NCBI BLAST Home

Your Recent Resuits New!

BLAST finds regions of similarity between biological sequences. more...

Proiein Seguence (558 letters)
Protein Seguence {60 lefters)

m Aligning Multiple Protain Sequences? Try the COBALT Multiple Alignment Toal.  _Go)

BLAST Assembled RefSeq Genomes

Choose a species genome to search, or list all genomic BLAST databases.

Mews

BLAST 2.2.95 release

o0 Human o Oryza sativa o Gallus gallus

o Mouse o Bos taurus O Pan troglodytes A new version of the stand-alone
o Rat o Danio rerio o Microbes applications is available.

o Arabidopsis thaliana o Drosophila melanogaster o Apis mellifera Thu, 24 Mar 2011 09:00:00 EST

More BLAST News...

Basic BLAST
Choose a BLAST program to run.

Tip ofthe Day

Search a nucleotide database using a nucleotide query

Algorithms: blastn, megablast, discontiguous megablast St do Babh Bl ASDiohe.

rotein hlast |JPearch protein database using a protein query
protein biast 3 5
Algonthms: blastp, psi-blast, phi-blast BLAST makes it easy to examine a

large group of potential gene

nucleotide blast

blastx ‘ Search protein database using a translated nucleotide guery R,

thlastn ‘ Search translated nucleotide database using a protein guery [ Maore tips...

thlastx ‘ Search translated nucleotide database using a translated nucleotide query

Specialized BLAST

Choose a type of specialized search (or database name in parentheses )

o Make specific primers with Primer-BLAST

o Search trace archives
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¥ Descriptions

Legend for links to other resources: [ unicene 3 ceo [ Gene B structure [ Map Viewer Bi PubChem BioAssay

Sequences producing significant alignments:

Accession

Description |

Max score |

Total score |

Query coverage |_,l E value

AAP36518.1
NP _000166.2
1LH A
AAF22645.1
LIAT A
AAAZE368.1

NP 001126984.1

Q4R551.3

NP _001075538.1

NP _5959495.1
1NBT A
1G98 A
1620 A

NP 001171651.1

BAGS6947.1

Homo sapiens glucose phosphate isomerase [synthetic construct]
glucose-6-phosphate isomerase isoform 2 [Homo sapiens] =sp|P06
Chain A, Human Glucose-6-Phosphate Isomerase =pdb|1JLH|B Cha
sperm antigen-36 [Homo sapiens]

Chain A, Crystal Structure Of Human Phosphoglucose IsomeraseME
neurcleukin [Homo sapiens] =gb|AAB36062.1| glucose phosphate i
glucose-6-phosphate isomerase [Pongo abelii] =sp|Q5R4E3.3 | G6PI
RecMName: Full=Glucose-6-phosphate isomerase; Short=GPI; AltNar
glucose-6-phosphate isomerase [Oryctolagus cuniculus] =sp|Q9M1
glucose-6-phosphate isomerase [Sus scrofa] =sp|P08059.3|GBPI_|
Chain A, The Crystal Structure Of Phosphoglucose Isomerase From
Chain A, Crystal Structure Analysis Of Rabbit Phosphoglucose Isom
Chain A, Crystal Structure Of Pig Phosphoglucose Isomerase =pdb]|
glucose-6-phosphate isomerase isoform 1 [Homo sapiens] =dbj|BA
nnnamead nrotein nrodoct THomo saniens]
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1158
1155
1100
1059
1098
1098
1098
1057
1096

100%
100%
100%
100%
99%

100%
100%
100%
100%
100%
99%

100%
99%

100%
100%

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

ol B of

Onpepenunn doepMeHT, COOTBETCTBYIOLWMN BbIOpaHHOW MocneaoBaTeflbHOCTMU:
glucose-6-phosphate isomerase
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KEGG Pathway Database:
http://www.genome.p/keqgqg/pathway.html

MetaCyc:
http://metacyc.orqg/




KEGG basa gaHHbIX no meTabonmyeckum nyTam

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 | Organism | Help

Pathway Maps

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

0. Global Map

1. 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

h LA B L)
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Kbc Search | ENZYME = | for |glucose-G-phosphate isomerase |Gn| |Dlear|

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 phoe»»

DBGET integrated database retrieval system
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“lee

ENZYME: 5.3.1.9

Help

Entry

EC 5.3.1.%9 Enzyme

Hame

glucose-6-phosphate isomerase;
rhosphohexose isomerase;
rhosphohexomatase:;
oXoisomerase;

hexosephosphate iscomerase;
rhosphosaccharomitase;
rhosphoglucoisomerase;
rhosphohexocisomerase;
rhosphoglucose isomerase;
glucose phosphate isomerase;
hexose phosphate isomerase;
D-glucose-&-phosphate ketol-isomerase

Class

Isomerases;
Intramolecular oxidoreductases;
Interconverting aldoses and ketoses,

BARITE hicrarchy)

and related compounds

5¥ sname

D-glucose-&-phosphate aldose-ketose-isomerase

Reaction (IUBMB)

D-glucose &-phosphate = D-fructose &6-phosphate [EN:RO0771]

Reaction (KEGG)

ROOT71 > RO2740 RO3321;
{other) R0273%

Show all J

Substrate

D-glucose &-phosphate [CED:C00052]

Product

D-fructose 6-phosphate [CED:CO00085]

Comment

Also catalyses the anomerization of D-glucose é-phosphate.

FPathway

ec00010
ecl0030
ecl0500
ec00520
ec01100
ecl1110
ecll1120

Glycolysis / Glucconeogenesis

Pentose phosphate pathway

Starch and sucrose metabolism

Aming sugar and nuclectide sugar metabolism
Metabolic pathways

Bicsynthesis of secondary metabolites
Microkial metabolism in diverse environments

Orthology

K01810 glucose-6-phosphate isomerase
K082859% glucose-6-phosphate isomerase, archaeal

K13810 transaldcolase S glucose-6-phosphate isomerase

Genes

HSET 2321 (GEI)
ETE: =
PON: 100174008 (GBI}

. T 7020

All links=

Cntology (5]

EEZEZ BRITE (5]
FPathway (6421}

EEGE PATHWAY (S587})

FEEE MODULE (2834)
Dimmg=e (1]

CEIM (1)
CThemical =ub=stance (5]
EFEGE COMPOUND (3]
Chemical reaction (14}
EEGE EHZYME (1}
EEGE REACTION (5]
EEGE REARIR (4]
FEZE RCLRE3T (4]
Genome= (3]

EEZEF EENCHE (3]
Fene [2205]

EEEZE ORTHOLOEY (3]

EEGE GEWE3 [(1454)
EEGZE DEEKE3 (27)
EEZE EGEKE3 (450}

EEGE MEEKE3 (235)

Protein =sequence [(E112]
UnifProt [(3%230]
FRE (180}
Ref3eqg(pep}l (18EQ]
FDE3TE ([12€}
PMD (B}

DHA =equence [(24321]
Ref3eqg(nuc} (1843}

GenBank (1541}
EMEL (1537}

30 Ftructure [E4)
FDE (&4}

Protein domain (11}
InterPro [T}
EFfam (3}
FRO3ITIE (DOC) (1)

Literature [5]

PubMed (5]
Ensyme (4}
ERENDA (1}

EXPAIY-ENZYME (1}
EXPLCBENZ [1)
ITEME (1}

All databases (21775])
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HPRD: 01394
Ensembl: ENSG00000105220
UniFrot: POG&T44 B4DGE39

Structure |FLB: il 1 JLH 1IRI 1NUH
[

Position [18g13.1

AR seq 558 aa AA seq ) DB m!ﬂ}
MR AT TR PO LOOWYREARSEINLERL.FDANEDR FNHFSLTLNTNEGHILVDY SENLYV

!

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

p-.e;-,_ o
AN
" i g =
% - o

FDB:1JIQ PLOB: 1JLH PDE:1IRI FLDE:1NUH

POB:1IRT

l.62 1.80 A 2.10 & 2.40 B 2.31 R
504 BME E4P 304 PRS
\Jmeal _J \Jmal_J \Jdmel \Jmel J \Jmal

Onpenenunu cTpykTypy benka
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REACTION: R0O0O771

L Help J
Entry ROOTT1 Eeaction
Name D-glucose-6-phosphate aldose-ketose-isomerase
Definition|D-Zlucose &-phosphate «=> D-Fructose &-phosphate
Equation |C000892 <=»> CO00EBS
0
HO-P-0
| 0 0 OH
0. JOH N~
HO \O HQ_?_D CH
. . > OH 45 Y
OH COooogs
Coo09z
RPair RE01083 CO0085 cO0092 main
Enzyme 5.3.1.8

DBGET integrated database retrieval system

Onpepenunu meTabonmMyeckyto peakLuio

A1l links

Ontology (2)

KEGE BRITE (2)
Chemical subatance (2)
KEEGE COMPOUND (2)
Chemical reacticn (3)
KEGE ENZIYME (1)
KEGE EPRIE (1)
KEEGE RCLASS (1)

A1]1 databases (7)
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GLYCOLY3IS / GLUCONEOGENESIS
Starch and sucrose
i
|

i

w-D-Glucose-1F

31310
=120l
3139
D-Glucose
. {extracellular)

- D-Chicose 2711 || 27163 e
2712 | 271147
5318
2711127163 B-D-Glueose-6F
o 4
-D-Glacose
F 2712 201147 .
phosphate
Lihutin A hutin-GP plphs
(extraceliular) O 2.7.1.69
(extacS]fJicm,ajrlj} C— 27169
Salicin-6F
~ 53.1.1 ao ]
Glycerore-P EETE ?—“\ T

1219
Glyrerate-2,3F2 O |::|
( Cathon focaton l

TYTAM

|

|

|

|

|

|

|

|

_____ »l, |
in photosymthetic organistos Glyrerate-3F I
|

|

|

I

|

I




MetaCyc ba3sa gaHHbIX N0 MeTabonnyecknm NyTam

ESMETACYC

A membser of the BloCye database collection

Home ‘

About MetaCyc

Guide To MetaCyc
Querying Examples
Update History

Advisory Board
Services

Join MetaCyc Mailing List

Faster MetaCyc Search
‘Web Services

e
Carn egi@

7
BT

Search ‘

Pathway Tools Tutorial LOGIN | Why Login? | Create Mew Account

April 25 - 27, 2011 |
Menlo Park, CA

| Quick Search | Gene Search |

Searching Metalyc chanege organism database

Tools ‘ Help ‘

METACYC OVERVIEW

MetaCyc is a database of nonredundant, experimentally elucidated metabolic pathways. MetaCyc contains more than 1670 pathways from more than 2100 different organisms [merel,
and is curated from the scientific experimental literature. [meore]

MetaCyc contains pathways involved in both primary [def] and secondary [def] metabolism, as well as associated compounds, enzymes, and genes. [mers]

Motivations
The goal of MetaCyc is to catalog the universe of metabolism by storing a representative sample of each experimentally elucidated pathway. [MetaCye mission]

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
sequenced genomes, supporting metabolic engineering, helping to compare biochemical networks, and serving as an encyclopedia of metabolism. [scientific applications]

Recent Publication

® The MetaCyc Database of metabolic pathways and enzymes and the BioCyc collection of Pathway/Genome Databases, Nucleic Acids Research 38:D473-D479 2010.

Query and Visualization

MetaCyc pathways can be browsed from a list, from ontologies [def], or queried directly when searching for pathways, proteins, reactions or compounds. [mere] MetaCyc can also be
queried programmatically using Java or PERL when installed locally. [mers]

New Users

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



MetaCyc basa gaHHbIX o MeTaborIMyYecKum NyTam

Search Results for glucose-6-phosphate isomerase
using database MetaCyc Whatis 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

lucose-6-phosphate isomerase - Pisum sativum (polypeptide
glucose-6-phosphate isomerase - Pisum sativum (protein complex)
glucose-6-phosphate isomerase - Saccharomyees cerevisiae
glucose-6-phosphate isomerase - Spinacia oleracea
glucose-6-phosphate isomerase - Thermotoga maritima
glucosamine-6-phosphate deaminase (2-amino-2-deoxy-0-glucose-6-phosphate ketol isomerase (deaminating)) - Escherichia coli
phosphoglucose isomerase (glucose-6-phosphate isomerase) - Escherichia coli
phosphoglucose 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. Mote 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: G0:0004347 - glucose-6-phosphate isomerase activi

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.

@Dse—s—phusnhate = D-fructose-6-phosphate {glucose-6-phosphate fsomeD

Onpenenunu peakuuto




MetaCyc basa gaHHbIX N0 MeTabonnyecknm NyTam

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

glycolysis 111, glycolysis |, GDP-mannose biosynthesis , Bifidobacterium shunt , homolactic fermentation , mannitol cycle , gluconecgenesis |l (Methanobacterium thermoautotrophicum)
o ¥
AR LA o=f -0 ——0OH
J o ., 0 L 0. Z.0H
HO aH — i\ /
OH o
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

AGY (kcal/mol): 0.4 KCAL/MOLE [Stryers |

Gene-Reaction Schematic: ﬂ

Arahidopsis thaliana

Spinacia oleracea Triticum aestivum Saccharomyces cerevisiae

Pyrococeus furiosus Mycoplasma preumnonize Lactobacillus fermentumn

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

Relationship Links: UniProt:RELATED-T0: 025781 , UniProt:RELATED-TQ:061113 , UniProt:RELATED-TO: 082058 , UniProt:RELATED-TO: 082059 , UniProt:RELATED-TO:083488 , UniProt:RELATED-TO: 084387 ,
UniProt:RELATED-TO:P06744 , UniProt:RELATED-TO:P06745 , UniProt:RELATED-TO:P08059 , UniProt:RELATED-TO:POASTT , UniProt:RELATED-TO:P12341 , UniProtRELATED-TO:P12709 , UniProt:RELATED-
TO:P13375 , UniProt:RELATED-TO:P13376 , UniProt:RELATED-TQ:P13377 , UniProt:REI ATED-TO:P18240 , UniProt:REL ATED-TO:P28718 , UniProt:RELATED-TQ:P29333 , UniProt:RELATED-TOQ:P34796 ,
UniProt:RELATED-TO:P34797 , UniProt:RELATED-TO:P42862 , UniProt:RELATED-TO:P42863 , UniProt:RELATED-TO:P49105 , UniProt:RELATED-TO:P50309 , UniProt:RELATED-TO:P52983 , UniProt:RELATED-
TO:P54240 , UniProt:RELATED-TO:P54747 , UniProt:RELATED-TQ:P78033 , UniProt:REI ATED-TO:P78917 , UniProt:REL ATED-TO:P81181 , UniProt:RELATED-TO:Q7LZP0 , UniProt:RELATED-TO: Q9556 ,
UniProt:RELATED-TO:Q9JTW1 , UniProt:RELATED-TO:Q9PMD4 , UniProt:RELATED-TO:Q9RMC1T , UniProt:RELATED-TO:Q9SB57 , UniProt:RELATED-TO:Q9X670 , UniProt:RELATED-TO: Q59000 ,

UniProt:REL ATED-TO: Q59088

Beibpanu nHtepecyoLwmnm opraHnam
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Enzymatic reaction of: phosphoglucose isomerase

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

B-D-glucose-&-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 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: [ Klungsoyréd

Inhibitors {Competitive): phosphoenolpyruvate [ Dgawa(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 [ Ogawa07 |

PHigpt): 8 [Schreyerdd

Onpenenunm KNHETUYECKME KOHCTaHTbI AN ypaBHEHUA ckopocTu ana E.coli
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In Pathway: sorbitolbd is | , starch biosynthesis , sucrose degradation IV , sucrose degradation |11, heterolactic fermentation , gluconeosenesis |, formaldehyde oxidation |, glycolysis V (Pyrococcus) ,
glycolysis |1 glycolysis |, OP-mannose biosynthesis , Bifidobacterium shunt , homolactic fermentation , mannitol cycle , gluconeogenesis |l (Methanobacterium thermoautotrophicum)
v
- l?'
| u} OH -
D—_m_DA o "rﬁ“D a ;_,_,EIH
. o 0 — ’ i ?E‘DH
-— A,
OH 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

AGY (kcalsmol): 0.4 KCAL/MOLE [Stryerss |

Gene-Reaction Schematic: ﬂ

Saccharomyces cerevisiae

Fyrococeus furiosus ycoplasma preumonize Lactobacillus fermentum

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

Relationship Links: UniProt:REL ATED-TO:025781 , UniProt:RELATED-TO: 061113 , UniProt:RELATED-TO:082058 , UniProt:REL ATED-TO: 087059 , UniProt:RELATED-TO: 083488 , UniProt:RFI ATED-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-
TO:P13375 , UniProt:RELATED-TO:P13376 , UniProt:RELATED-TO:P13377 , UniProt:REI ATED-TO:P18240 , UniProt:RELATED-TO:P28718 , UniProt:RELATED-TO:P29333 , UniProt:RELATED-TO:P34796 ,
UniProt:RELATED-TQ:P34797 , UniProt:REL ATED-TO:P42862 , UniProt:RELATED-TO:P42863 , UniProt:RELATED-TO:P49105 , UniProt:REL ATED-TO:P50309 , UniProt:RELATED-TO:P52983 , UniProt:RELATED-
TO:P54240 , UniProt:REL ATED-TO:P54242 , UniProt:RELATED-TO:P78033 , UniProt:REI ATED-TO:P78917 , UniProt:RFLATED-TO:P81181 , UniProt:RELATED-TO:07L7P0 , UniProt:REL ATED-TO: Q9556 ,
UniProt:RELATED-TO:09JTW1 , UniProt:REL ATED-TO:Q9PMD4 , UniProt:RELATED-TO:Q%RMC1 , UniProt:RELATED-TO:Q95B57 , UniProt:RELATED-TO:Q9X670 , UniProt:RELATED-TO:059000 ,

UniProt:RFL ATED-TO: 059088
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MetaCyc Pathway: glycolysis |

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

starch degradation
transport of glucose by FTS
1

sorkital degradation 11
sucrose degradation |
L-sorbose degradation

f-D-glucose-6-phosphate
F'y

fshou,ﬁg?::;“&";f Ec-pui mannitol degradation 1
pentose phosphate pathway phosphoglucose D-rnannose degrad_ation

isomerase (At): At-PGI1 D-allose degradation

glucose-6-phosphate

isomerase (Sc): Sc-PGI1

glucose 6-phosphate
isomerase {Mp):
5318

k. J
D-fructose-—b PO
—_—
fiuctose-1,6-
+! = bisphosphatase (Ec): Ec-fbp = G-phosphofmctokinase {Ec): Ec-pfkB
fructose 1,6- ATP - TIRL : - Fo-
phosphat bisphosphatase {Ec): Ec-glpX _-\ G-phosphofructokinase (Ec): Ec-pfkA
fructose-1,6- =' G-phosphofiuctokinase (Hc)
O bisphosphatase (Ec): Ec-yygF H* + = G-phosphofructokinase (Rc)
z fructose 1,6- ADP 6-phosphofructokinase (Mp): Mp-pfki
bisphosphatase {Ec): Ec-ybh#A 27111
31311 o
fructose-1,6-bisphosphate
F'y

fructose bisphosphate
aldolase {Ec): Ec-fbaB
fructose bisphosphate
aldoelase {Ec): Ec-fbaf
fructose-1,6-bisphosphate
aldolase {Zm})
fructose-1,6-
bisphosphate aldel (S0}
fructose-bisphosphate

trinas nhaanhate aldolase (Mp): Mp-fba

Onpegenunu MecTo peakuun B MeTabonmyeckom nyTu
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In Pathway: sorbitol biosynthesis | , starch biosynthesis , sucrose degradation IV , sucrose degradation 1l , heterolactic fermentation , gluconeogenesis |, formaldehyde oxidation |, glycolysis ¥ (Pyrococcus) ,
glycolysis Il , glycolysis |, GDP-mannose biosynthesis , Bifidobacterium shunt , homolactic fermentation , mannitol cycle , gluconeogenesis |l (Methanobacterium thermoautotrophicum)

o T
1 u] 0H -
- o—=P-0
D—IT;—DA e I . !__,_DH
i o ., 0 ' £,.0H
HO OH —_— "1 \?
bH HOO  DH
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, b-glucose-6-phosphate ketol-isomerase

AG” (kealsmol): 0.4 KCAL/MOLE [Stryerss |

Gene-Reaction Schematic: H

Saccharomyces cerevisiae

Fyrococeus furiosus Mycoplasma prieumonize Lactobacillus fermentum

Unification Links(BREMDA:5.3.1.9 , PNZYME:5.3.1.9 , ExplorEnz:5.3.1.9 , KEGG:R00771

Relationship Links: UniProt:RELATED-TO:025781 , UniProt:RELATED-TO: 061113 , UniProt:RELATED-T0:082058 , UniProt:RELATED-TO: 082059 , UniProt:RELATED-TO:083488 , UniProt:RELATED-TO: 084382 ,
UniProt:RELATED-TO:P06744 , UniProt:RELATED-TO:P06745 , UniProt:RELATED-TO:P08059 , UniProt:RELATED-TO:POAGTT , 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:P42863 , UniProt:RELATED-TO:P49105 , UniProt:RELATED-TO:P50309 , UniProt:RELATED-TO:P52983 , UniProt:RELATED-
TO:P54240 , UniProt:RELATED-TO:P54247 , UniProt:RELATED-TO:P78033 , UniProt:REI 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:Q9RMCET , UniProt:RFL ATED-TO:Q95B57 , UniProt:RELATED-TO:Q9%670 , UniProt:REL ATED-TO: 059000 ,
UniProt:RELATED-TO: Q59088
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Effects of inherited mutations on catalytic activity and structural stability of human glucose-6-phosphate isomerase

expressed in Escherichia coli

Lin, H.: Kao, Y.: Chen, S.: Meng, M.; Biochim. Biophys. Acta 1794, 315-323 (2009)
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Effects of inherited mutations on catalytic activity and structural stability of human glucose-6-phosphate isomerase expressed
in Escherichia coli.

Lin HY, Kao YH, Chen 5T, Meng M.
Graduate Institute of Biotechnology, Mational Chung Hging University, Taichung, Taiwan 40227, Republic of China.

Abstract

Glucose-G-phosphate isomerase (GPI), a homodimeric enzyme, catalyzes the interconversion between glucose-G-phosphate and fructose-G-phosphate. In mammals, it can
also act as an autocrine motility factor, neuroleukin, and maturation factor. Deficiency of the enzymatic activity in red blood cells causes nonspherocytic hemolytic anemia in
human. To gain a more complete understanding of the molecular basis for the hemolytic anemia due to the GPI-deficiency, the wildtype 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,
particularly kicatl. as well as structure stabilitv: (2} mutations at or close to the active site, including R273H. H389R. and S278L. cause great damaae to the catalvtic function, vet
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