CTexmomeTqueCKme MOdeJ1n
(Mogenu ctaymMoHapHbIX COCTOAHUN)

- MOCTPOEHNE CXEMBDI MeTabonnyeckoro NyTHU

- BbIBOA YpaBHeHUN BanaHca ansa kaxagoro metabonuta u
obbeanHeHne B cuctemy anddepeHumnanbHbiX YpaBHEHUN

- paccMOTpeHMe cTaunMoHapPHbIX COCTOSIHUN, NoryyeHne
CUCTEMBbI anrebpanvyeckmx ypaBHEHUM

- MOCTAaHOBKa 3aa4 orntmMmm3aumnin

- dHalln3 pacrnpegeneHmnda CtaumMoOHapHbIX MeTabonnyecknx
NMNOTOKOB



[lpeacTtaBneHne cKopoCcTU peakLmnn

B cooTBeTCTBMM C 3aKOHOM OEUCTBYHIOLLMX MacCC

(CKOpPOCTb peakumm NponopLMoHanbHa BEPOSTHOCTU CTONKHOBEHUS peareHToB, a
BEPOSITHOCTb B CBOK OYepenb NPornopLUuoHarnbHa KOHLUEHTpaLumn peareHToB ¢ y4eToM

MOJIEKYTISIPHOCTN peaKLum)
A 4 %
[na peakymu S1+ 82(_2P

CKOPOCTb 3aliCbliBa€TCA KakK
Vv - obLlast CKOpOCTb peakuum

V=Vy, —V_ :k+S1 -S> — k_P2 V, - CKOPOCTb NMPsiMON peakuum
V. - CKOPOCTb 0bpaTHON peakuunm

B obwem Buae:
V=V, —V_ =k H A :.mj — ]{._ H P;U m; u M; COOTBETCBYIOT
+ i J

MOneKkynsipHocT! S; u P

CKOpOCTb peakumm MOXET ObITb Bbipa)KeHa Kak Yepe3 KOHLUEHTpaLnn
pearmpyoLmx BELLECTB, Tak U B BUae 6banaHca cKopocTen NpsiMbIiX U

obpaTHbIX peakuun.



CtexnomeTpunyeckmne KoapmnLUmNEHTD

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

Mpumep: S1+ Sz< &)

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.



oY ana oaHon n HECKOJTbKUX peaKkumm

Vv
—>
ANs peakunm -
p S1+ 82, 2P

nmeem OL1Y:
d G _ d S -y yObinb cybecTpata S, Co CKOPOCThIO V
dr Y dr conpoBoXxaaeTcs yobinbio cybcTpata S, ¢ Ton xe

CKOPOCTbIO U YABOEHHOW CKOPOCTbIO YBENNYEHUS
ip — 2y KOHLleHTpauun npoaykra P
dt

[na meTabonnyeckon ceTn, COCTosALLLEN U3 M MEeTabONUTOB U I peakLUni,
OVHaMMKa CUCTEMbI ONUCbIBAETCA CUCTEMOWN YpaBHEHNU (MK YpaBHEHNSIMU

GanaHca, NoCKONbLKY paccmaTpmnBaeTcs banaHc Mexay CUHTE30M U
pacnagom metabonura):

as. i
L — ..V .
dt ; 97

i=1....m

n; — CTEXNOMETPUYECKNE KOIPPULNEHTDI
meTabonuTa i B peakuum |



CTexnomeTpuyeckas maTtpuua

CrexviomeTpuyeckne KoahUUNEHTbI Ny, COOTBETCTBYIOLLME
MeTabonuTy S; u peakuum v; MoryT ObiTb OObeAVHEHbI B
CTEXMOMETPUYECKYIO MaTpULLy:

V1 V2 Vr
n, n, .. n.\S
N={ .. o N ={n;},
i=1,...m;j=1,...r
nml nm2 nmr Sm

KaXkgad KONOHKa COOTBETCTBYET peakumn (r peakuumn)
Ka)gasa CTpoKa COOTBETCTBYET MeTabonuty (m metabonuTtoB)



CTexnomeTpuyeckas maTtpuua

[Mpnmep
Ona npocTenLei cetu: —1o 5«25, «——>
Ss
1 -1 0 -1) S,
CTtexnomeTpuyeckas matpuua: N={0 2 -1 0]S,
0O 0 0 1) S

Peakunn metabonuyeckon cet MoryT ObiTb 0bpaTUMBI.

UToObI onpeaennTb 3HaK KO3aPUUNEHTOB, HanpaBrieHNe CTPENOK
NCKYCCTBEHHO BbIOMpPaEeTCs Kak NofIoXUTENbHOE «CrieBa HanpaBo» U
«CBEpPXYy BHU3.



CTexnomeTpuyeckas maTtpuua

1'1 Sl 1'2 : 2S2 '1'3
N1 peakunmn v.:

SS

Vi | v | v3 vy

Crtpoka 1: 1 monekyna S, pacxoayetcs (-1)
Ctpoka 2: 2 monekynsl S, obpasytorca (2)
Ctpoka 3: S; B 310N peakuumn He yyacteyeT (0)



Si+3,+S;3  S4tSs

—>S

TS S,

[Tpumepsl

N=|-1
1
1
1 -1 0 O
0 1 -1 0
N =
0O 0 1 -1
0 0 0 1




ﬂ

1

0

-1

1 -1
0

0 2

N

|

|

1
-1

I -1 -1
N={0 -1
0 1

0
1

-1

0 O

)-———



MaTemaTtunyeckoe onmcaHme metabonmnyeckon CUCTEMbI

S=(5,.5,.....8 ! BEKTOP KOHUEHTpauun metabonntos
1557295
— I v v
V = (V.I,V2 ,...,V}?) BEKTOpa CKOpPOCTEN peakuum
_ T
p=(p, P P,) BEKTOp NapaMeTpoB
N cTexuomMmeTpuyeckas matpuua

Torpa ypaBHeHUs1 banaHca MOXHO 3anucarTb:

ﬁ=Nv

dt



MaTemaTtunyeckoe onmcaHme metabonmnyeckon CUCTEMbI

vy

N Vo o . Vs
|_|pI/IMep: ( 7 ‘Sl ( 7 252 <—>

V, 83 1 -1 0 -1
5 v, N=|0 2 -1 0
> =[5 =1y, 0 0 0 I
83
v cTexmomeTpuyeckad
BEKTOP BEKTOP maTtpuua
MeTabonmMToB  CKOPOCTEW
ds,
Vv
ddSt I -1 0 —1\| "| (v=v,—v,
Vv
d_tz =0 2 -1 0| VZ = 2V, -V, ypaBHeHUA banaHca
0 0 0 1 ’ v
as, v, !
dt




[locTpoeHne cTeXxmMomMmeTpmn4eckon Mmoagenm

1. OnpegenuTtb CUCTEMY, OS19 KOTOPOM DyaeT NocTpoeHa
cTexmomeTpuyeckas moaernb (0TAENbHbIN METAabONUYECKUI MYTb,

opraHenna, KrneTka, uenblin OpraHn3m).
2. Ina kaxxgoro metabonunta 3anucaTb ypaBHeHUs1 banaHca macchbl.
3. 3anuncaTb yCnoBusi cTayMoHapHOro COCTOSIHUS.

CTtporo, ¢ y4yeToM pocTa (1 crnegoBaTenbHO U3BMEHEHUSI 0DbeMa)
ypaBHeHWE Ans i-ro Metabonuta 3anmcblBatloTCs Kak

ds |
Bt Z NV, — uS, S, — KOHLeHTpauus i-ro meTabonuTa
dt j V,— CKOpPOCTb 06pasoBaHust (Unu
noTpebneHunst) metabonuta
be3 yyeTa cpakTopa n; — CTEXMOMETPUHECKNA KOS PULINEHT
pa3BegeHns I-ro meTabonuTa B j-1 peakumn
dSi U S~ dhakTop pa3BegeHus
gt 2NV,

j
B ctaumMoHapHOM COCTOSIHUK

ﬁ =0 Z n;V; = 0 cuctema anrebpanyecknx ypaBHeHui
j

dt



[ MnoTeTnyeckasi cxema MeTabosIM4eckmnx NOTOKOB

MeTtabonuTtsl

BHELLUHWNE.
Ae’ Fe

BHYTPEHHME:
A, B, C, E, F,— B untonnasme
B, D, E,,— B MUTOXOHOpUA
C., E., F.— B xnoponnacre

[Mpouecchbl

TPaHCMOPT Yepe3 BHELLUHIO MeMbpaHy:

Vi, Vig

TpaHCMopT Yepe3 BHYTPeHHUEe MeMOpaHbi:

Vs, Vg — Yepes MembpaHy MUTOXOHOPpUK

Vg, Vqgs V41, V43 —YEPE3 MEMOpPAHY
xnoponnacrta

peakunn npespaLleHns cybcTpaTa B NpoayKT
Vs, Vs, Vs V7, Vo



[ MnoTeTnyeckasi cxema MeTabosIM4eckmnx NOTOKOB

ana metadonuta B:

dXp (O6wwas ckopocTb 06pasoBaHus MeTabonuta B) =
dr - = (ckopocTb 0bpasoBaHuA B) — (ckopocTb noTpebneHns B)

MeTabonnyeckmin NOTOK — HOPMMPOBAHHAasi CKOPOCTb pPeakL .

Pa3mMmepHOCTb NoTOKa — Monb/en.6uomacchl/BpemMs.



B maTtpnyHoM BUAe cuctemy andpdepeHumanbHbIX
YpaBHEHNN MOXHO 3anmcaTthb Kak :

Ay -
dt —Vl ‘U‘; )
dX dXa
dxX d.t. 1 -1 0 0 0D OO DD O D DO O O v
d:‘=v,—v,+v, & O t -1 0 D OO OO O O O O O v,
aX — | At o 0 1 -1001 0O0TO0CTO0OTUDO0O O DO v,
= Va2~ Vio mzﬁx ﬂ:i: 01 0 000000-100 0 0| v
=, gy [dRE]| T[2L R KBRS A1 d B
dl‘—""u Vi dt :
) d.K D O D O 0 0O 0 0 D 1 =1 Vi
_dx E 00 0 O 000 0 0 1 -1 0f  |w]
dtr=""|3_"'u Tﬂr:. N V
L el
dx .
d% =V —Vy X n. 1cno monekyn i-ro meTabonuTta,
|4 i .
Y BcTynatowero B j-1o peakuuio
dX . NV NV . O .. CKOPOCTb j-1 peakumu,
_— — i o .o
dt I B KOTOpOW yyacTByeT i-1 MeTaGonuT

Pa3smepHocTb N B 06LIEM BUae MOXHO 3anucatb m x I,
m — 3TO 4YMCNOo MeTabonnToB, y4aCTBYIOLWMX B peakuusix,
I — YMUCIMO peakunm.



CoOTHOLLEHMEe Yncna MmeTadbonmMToB m 1 4Yncna noTokoB r

B ycrnoBusix cTaLyMoHapHOro B obuiem Buae B ypaBHEHUs MOTyT
COCTOSIHUS BKITIOYATHLCA BHEKNETOYHbIE METaBoNUTbI:

Nv =0 Nv =D

BEKTOp b coaepXxut nHopmaumo 06 namepsaembix
NOTOKax, Taknue Kak CKOPOCTU NOrnoweHNsa Unu BblaeneHns

BO3MOXHbI Tpn cny4vas:

—1
1. M =r NONHOCTbLIO onpeaerieHHas cucrtema. PeweHne: \| = N b

2. m < r HepoornpeageneHHaa cuctema.

O3HayvaerT, YTo HeJocTaTOYHO ypaBHEHUW BanaHca ans onpeaenieHnss BCeX NOTOKOB.
Cucrtema ypaBHEHUIN MOXET MMETb HECKOHEYHOE YNCIIO PELLEHNN.

Bo3mMOXHO:

a) poonpenennTtb, U3MepUB OOMONTHUTESIbHbIE MOTOKN,

6) ucnons3osats METO JINMHENHOrO nporpaMmMmmpoBaHuA.
(Hanbonee yacTto BCcTpevyaemMbin crnyyan)

3. m > r nepeonpeageneHHasa cuctema.
B cny4dae, korga 4OCTYNHO MHOXECTBO 3KCNEPUMEHTAarbHbIX U3MEPEHUN.
Pewwaetca metogom ncesao-uHeepcun Mypa-lleHpoysa (Moore—Penrose)



3agadva JIMHENHOro NporpaMmmMmMpoBaHnS
[Tpnmep:
MakcumuampoBsaTb x| + 2x2 <«—— Llenesas gyHKUMSA

npn yCJioBNN.

X1—x—2<0 7 _2

optimum

X1+x—5<0

X2
N

X1 =>0,x, >0

-
-
-

orpaHunyeHusa 0 I . . . ;



[Tonck onTumanbHOro peLleHnd

4+ OrpaHnyenus: A OnTumusauus A
Sv=0 Leneson yHKUMN
azv=fp
3 >
- -

HeorpaHuyeHHoe Odonyctumoe AL
NPOCTPaHCTBO NPOCTPAHCTBO OntnmansHoe
peLleHnn peLLueHnn pelueHune

Reed JL, Vo TD, Schilling CH, Palsson BO. 2003. An expanded genome-scale
model of Escherichia coli K-12 (iJR904 GSM/GPR). Genome Biol. 4:R54



Bbibop ueneson pyHKUUN

LleneBas cdoyHKUMA onpenenseTcs n3 GUonorm4yecknx NoTpebHOCTEN KITETKU
NN n3 BUOTEXHONMONMYECKON 3aauu.

[TpmMepbl Leneson YHKLUN:

1. Makcummnanposatb npoaykuunio ATO.

2. MnHnMmnanpoBaTb NOTOK NUTATESNIbHbLIX BELLECTB N3 cpeabl.
3. MuHMMKM3npoBaTb NPOAYKLUUIO OKUCIUTENBHO-
BOCCTaHOBUTENbHbIX akBMBaneHToB (NAD(P)H).

4. MakcumunsnpoBaTtb NpoAYKLUUIO onpedeneHHoro
meTabonuta.

5. MakcumunsunpoBaTb buomaccy.

Pacuet Bbriomaccei:
a, benok + a, yrnesogopogbl + a; nunuasl + a, AHK + a,PHK + b AT® —

— € bnomaccol+ b AQ®+ npoayKThl



Pacuyet bmomacchl

(a)

dsys (mmol g~ ! DW)

Metabolic requirements for the production of 1 g of E. coli cells, from Ingraham et al. (1983).

PacuyeT bromacchi:
a, bernok + a, yrnesogopoasl + a; nunuasl + a, AHK + a;,PHK + b AT® —
— € bnomaccol+ b AJ®+ npoayKThl



[locTaHOBKa 3aga4un NMHEUNHOIO
nporpaMmMnpoBaHnUs ans Mmetabosin4eckon cetu

(MeTopq aHanmnsa ctaymoHapHbIx noTokos, Flux Balance Analysis, FBA)

|. 3anncartb ueneByo OYHKUULIO.
ll. 3anucartb orpaHn4eHus:

* YpaBHeHUsa BanaHca macchl an8 BCeEX MeTabonunTos.

« MakcumanbHble 1 MUHUMarnbHbIE 3HAa4YEHUST MOTOKOB (€Ccnu
N3BECTHO).

* OrpaHn4deHns BbITEKAIOLLNE N3 KITETOYHOW SHEPIETUKN,
obpasoBaHus bBromacchl U COXpaHEHUA MeTaboNUTOB.



TexHuka aHannsa ctauoHapHbIX NOTOKOB

http://www.nature.com/nb b_extras/supp _info/nbt0201 125/info_frame.html

Biomass

System |
Boundary". J

Cell F

el Membrane 1) cxiﬂ:g}}&l
th I external J’\
TE} F Xt
xt

1. BbinucbiBaeM Bce MeTabonuTbl U 06beaMHSEM UX B CXEMY



TexHuka aHannsa ctauoHapHbIX NOTOKOB

http://www.nature.com/nb

b_extras/supp _info/nbt0201 125/info_frame.html

2. BeinucbiBaem Bce metabonuyeckme rnoToku



TexHuka aHannsa ctauoHapHbIX NOTOKOB

http://www.nature.com/nb b_extras/supp _info/nbt0201 125/info_frame.html

ypaBHeHust banaHca OrpaHNYeHns Ha NOTOKU Lenesas QYHKUMS

3. 3anucbiBaeM ypaBHEHUA BanaHca, orpaHn4eHnst Ha rnoToKN,
Lenesyo PyHKLUMIO



TexHuka aHanuisa ctauumoHa

http://www.nature.com/nb

P

HbIX TTOTOKOB

b _extras/supp_info/nbt0201 125/info_frame.html

§~=nmmunm:p
B,

3
5
E
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3
3
B

=

3
3
E

4. 3anucbiBaeM CTEXMOMETPUYECKYIO MaTpuULYy 1 ypaBHEHUs1 6anaHca B

Lo S s [ s I s s e I e e N e e R

[ R s [ s I s e Y e e N e

By B
o0
0o -l
o0
-1 0
o1
o0
o0
o0
o1
0o 0
10
o0
o0

MaTpU4HOM BUAE

Fs F
00
00
00
10
-1 0
1 -1
00
00
00
00
o0
o1
o0

Fe Ry F
o0 0
-1 0 0
o0 0
o0 0
o0 0
o0 0
1 -1 0
o1 -1
00 0
00 0
o0 0
o0 0
o0 1

Vo Voows A Du By Ha
0 0 0 0 0 0
0 -1 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 a d 0 0
0 0 a d 0 0
0 0 0 0 0 0
0 -2 0 0 0 0
-1 0 a 0 0 0
0 0 1 0 0 0
0 0 a 1 0 0
0 0 a d 1 0
0 0 a d 0 1

o B e B e B e B e [ o [ e R e Y e [ e Y s R e




TexHuKka aHanunsa CTAUNOHAPHbLIX TTOTOKOB

http://www.nature.com/nb b _extras/supp_info/nbt0201 125/info_frame.html
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P3

Cathon  Oxygen

5. Nony4yaem pesynbtaTbl ONTUMM3ALNN



[lpumeHeHne aHanunsa MeTa6onmqu|<v|x nyTeEN
MeTtabonuam E.coli

PacnpeneneHmne metabonmyecknx noTokoB
ans nonHoro Habopa reHos. “
Llenesast (pyHKUMSA — MaKCUMyM Bruomacchbl "¢
Npu POCTE Ha rMoKo3e.

CnocobHocTb E.coli agantupoBaTbhCs K
yTpaTte PYHKUNOHANBHOCTN reHa MOXeT
6bITb NpoaHanuanpoBaHa NyTeM yaaneHus
reHa n3 oCHoBHOro Habopa c

PacnpegeneHne metabonnyeckmnx noToKos,

Koraa «BbIKIMKOYEH» reH SucA.
(reH sucA kogmpyeTt HeobxoaAnMbI KOMMOHEHT peakuuun B LITK)

DHAP

[MoToK nepeHanpasnseTcs Yepes
FMUOKCUNATHbIN LUYHT.

Peakuunsa Succ—SucCoA obpallaeTcs.




lpMeHeHne aHanm3a MeTaboIMYeCcKnx NyTen
MeTabonnam cnHeserneHbix BOAOPOCIen

300 ' y 30
Regime K(a) E Regime Kb) E Regime I
£ 250 - I I el |
B ! ! | 26 3
3 200 = I %
S ' | I 124 §
5 : - 2
= 150 - ; : -2 E
E ! ' o
; ' k)
E 100 ! 2~ |
2 ' r1e §
5 s0- ol S
i f L oo ke o olooo0aBho08go0-0-000000048 16 &
06 , T 14
0.2 0.25
Absorbed light flux uE/ m? /s

—i— oxidative pentose phospate flux —&— Rubisco flux

—e— Net CO2 released by cell —&— PEP carboxylase flux

—»— glyoxylate shunt flux —&— biomass yield

N.R. Boyle et al J. Schwender (ed.), Plant Metabolic Networks, Springer Science+Business Media, LLC 2009




MeToa anemMmeHTapHbIX MoA

OnemMeHTapHasi Moga — HanpaBneHHbI NyTb, BKAOYaoLWUiA Habop
peakUuin OT OHOro BHELUHero metabonuTa K pyromy.

PaccmaTtpumBaeT cTaunoHapHble COCTOSHUS.

He TpebyeT onTummnsauum.

YuntbiBaeT 006paTtMMocTb peakLni.

PaccmaTtpuBaeT BCe BO3MOXHble HanpasrieHHbIe MyTU OT O4HOro

BHELUHero metabonuTa k gpyromy (Npy 3ToOM BHYTPEHHNE MEeTaboNNTLI
HaKkannMBaTbCsl HE AOKHbI).

SO<—> 81 < > 82: > 83 SO<—’ 81 _’82‘_’ S3

| |



MeToq anemMeHTapHbIX Mo

BHelwHWe meTtabonutel: S, S;, S,

SO<—> S, > S, :S3 So<—>




MeToa anemMmeHTapHbIX MoA

SO<—> S1 < > 82: > S3 SO<_> S[1 _'824_> 83
S S,

v
I

A 4

A 4

v
 ——
G

A

A

v
—

v

v

\ 4
 —

“\

N (10 =1\ (=1 (0 Ly (1 (=11 (0
vA—l O[|=1]|=1]]01]]1 VBZI’O’O,I
l1lloll =1 =1l o ] 1 L0101

o)Jl1)l1)lo)l=1)=1 0)\1)\~1) -1

Uncno anemMmeHTapHbIX MO paBHO YUCITy COBCTBEHHbLIX BEKTOPOB
CTEXMOMETPUYECKOU MaTpULLbI.

JTtobon nyTe MOXET ObITb NpeAcTaBneH Kak fIMHENHaa KOMOuHaums
arieMeHTapHbIX MoA.

OnemMeHTapHasa Moaa XxapakTepusyeTcsi CBOUM YHUKaNbHbIM HAbopoMm
depMEHTOB



Fig. 8.7

pPMMEHEHNE METOdAa 3J1IEMEHTAPHbIX MO

A. Glycolysis B. Oxidative C. Non-oxidative D. Autotrophy
bypass bypass
I'gi‘ose co Hlexose Hlexose o Hlexose
. 2 B
Hp @ ~PP HP PP H_P..’_/H{\‘PP Hp-~ " pp Hp-"" - pp
P ™ P P
@I I T . II g
PGA PGA" PGA PGA
@l CO~CO, CO—CO, | CO—CO, I CO—~CO, 1 CO~—CO,
Pyruvate | Pyruvate Pyruvate Pyruvate Pyruvate /
Ac-CoA Ac-CoA Ac-CoA Ac-CoA Ac-CoA
C18:0 c18:0 C18:0 C18:0 c18:0
Carbon in C18:0/
Carbon uptake 66.7 % 66.7 % 80 % -
(glucose)
ATP balance +1 -8 -8 =71
MADPH balance +2 +2 -7 -52
Mumber of modes 1 g 7 3

of this type

Elementary flux-modes analysis of seed metabolism from glucose to fatty acids
using a network of 26 reactions. Carbon use efficiency (carbon stored in oil/carbon uptake
as glucose), cofactor balances, and four characteristic fluxes are shown relative to the forma-
tion of 1 mol C18:0. Of the 28 elementary modes, 20 produce stearic acid (CI18:0).



Ilcnonb3oBaHMe 6a3 gaHHbIX NS
NOCTPOEHUSA METADONNYECKMX
Moaeneu



J. Edwards, M. Covert and B. Palsson

OT re H O M a ﬂ'O @ e H OT M I-I a Environmental Microbiology (2002) 4(3), 133-140
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[TocTpoeHne meTabonnyeckmux moaeneun

OCHOBHbIE Waru:

Onpegenunu nocriegoBaTenbHOCTb NTEHOB (3KCMNEPUMEHT)
Bbioenunm nHtepecyrowmnm reH (aKcnepumMeHT)

Onpegenunm aMMHOKUCIIOTHYO NocregoBaTeNbHOCTL (Dasbl
OaHHbIX)

Onpepgenunu 6enok (basbl AaHHbIX)

Onpenenunm metabonmyeckyto peakumio (basbl JaHHLIX)
BHecnu B cxemy metabonnyeckux nyten (MoaenmpoBaHme)
[Tony4nnu KapTUHY MeTabormM4ecknx nNyTen
(MooenupoBaHue)



basbl AaHHbIX NO ba3zamM AaHHbIM

PyccKoa3bIYHbIN pecypc

MornekynsipHo-bnonornyeckme 6asbl JaHHbIX

http://www.icbi.ru/bazal/index.shtml

AHIMOA3bIYHLIN pecypc
NCBI LleHTp buotexHonorndeckom nHgopmaumn

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




MonekynsapHo-bunornornyeckme 6a3sbl JaHHbIX

—

OBBEAHHEHHBIH LEHTP BLIYHCNHTENEHOH BHONOCHH H EHOHHOOPMATHKH ,

FF Kaprta caiTa

| 3arnaeHan | HayuHelid CoeeT | Knacrep | MpoekTel | Ba3kl gaHHex | Coeinky | OGLAENEHWA | KOHTAKTH |

MonerynapHo-Guonormyeckre 0aakl DaHHBLE

Mo andiasuty H OHK H PHK ” Benkn H MeTtabonuyeckne Nyt H Eudnuorpadua H Mpoune }

Monck NO HA3BAHWKD:
- end

Mowck no cnogy:
: end

B HacToAwee BpemA cywecTeywT cotHW Web-caiito, koTopele BocTynHEl ANA of3opa W NoMCKa JaHHBIX MO MOREKYNAPHOA BUONOMN W APYTUM CMEXHEIM gucuunnuHan. Kaxgan wa
HUX MMeeT CBOi IOPMaT XPaHeHWA [aHHBIX, PaanuuHyH cTeneHb W3DLITOYHOCTM, B3aMMOCBA3W C POACTEEHHEIMW WNW aHANOTWYHEIMM Dazamn gaHHe. Kaxpas 0a3a gaHHeX nMeeT
TAIOKE CBOM CPEACTBA AOCTYNa K MHHOPMALWK - pasniyHble NOWCKOBLIE NPOrpamMMel, NPorpaMMHeIe CPefcTEa BU3Yanu3auuy, nononHeHus Gass. KpynHedlwne xpaHunuLa neperyHb
ctpykryp OHK w amuHokncnoTHeX nocnegoeatensHocTel (Takme, kak EMBL, GenBank, DDBJ, SWISS-PROT, PIR w gp.) nononHAKTCA aHHOTWPOEAHHEIMKM NOCMEd0BaTeNEHOCTAMM
HenocpefCTEEHHO WCCNedoBaTenamMy, paclundpoBaBLIMMK WX, C NOMOLLEH AETOMAaTU3WPOBAHHON CHCTemMel nononHeHwA Baz AadHerx no cetw WHtepHer. KoHeudo, BnocnegcTeum 3TH
[ aHHbIE NPOBEPAKITCA NEPCOHANDM A4MWHWCTPAUMA B33 faHHbIX W CYLLECTEEHHD NONONHAKTCA. BTOPEIM OCHOBHEIM WCTOUHWKOM WHOpMAauUM Bo Beex Balzax REMNAETCA CReUuWansHas
HayuyHan nutepatypa. Muorwe Basel gaHHe, paboTakillWe HaL KOMNEKUMOHWPOBAHWEM OAHOPOSHOA WHHOPMALMM, KOOPOWHUDYHIT CEOM YCWAWA, OCYLLECTBRNAA MEeMLyHAPOAHOE
pa3feneHne Tpyaa, 3T0 MOXHO NPOMNMKCTPUMPOBATE NPUMEPOM COTPYLHWYECTEA TPEX BCEMWPHLIX KOMNekuwi nocnegoearensHocTei Hykneotngoe EMBL (Eepona), GenBank (CLUA),
DOBJ (AnoHuA).

Hapaay ¢ obwyumin Gazami AaHHEIX B NOCRefHEes BPEMA NOABMNOCE MHOTO CREUWaNW3WPOBAHHEX WHEOPMALMOHHEIX pecypcoB. MHOMME W3 HWX XPaHAT AaHHEIE, NONYYeHHEIE C
MOMOWEH KOMNBHTEPHEIX METOL0B, peayneTatel TEOPETHYECKMX NpegckazaHwid. Bombwyio ponk B DwoundiopMatvke wrpawT xpaHunuwia nocnegoeatensHocted OHK w klHK,
CMELMANY3NPOBaHHEIE Ba3kl 4aHHEX N0 OTAENEHEIM PEMYNATOPHEIM MOTHEAM HYKNEOoTWAHEIX NocnegoBatensHocTel, Baskl QaHHEX N0 3KCNpeccul redos, BWBNMOTEKKW reHOMOE, KapT,
nocnejoBarensHocTed PHK, Denkoe, DenkoBex MoTMEOE, no npogykumn benkoe. EcTe a3kl AaHHBX N0 NpoTeomMuke, CTPykTypam Denkoe, MyTauwAm , meTabonuueckum myTAM K
PErYNALMM, N0 TPAHCTEHHHBIM  OPraHuaMam, aHatoMuid, BuoxuMuM, a Talkke No HayyHoil nWTepatype, NO CYWECTBYHLLEMY B 3TWX obnacTAx WCChefoBaHWil nporpaMmHomy
obecneveHnn. EcTe gaxe 0a3za gaHHex no Dazam JaHHBX, OH3 WMeeT agpec hitpdwww.infobiogenfriservices/docat 3To TewcToBwiA Gaiin ¢ aWHoTauwAmu Bonee wem Ha 500
Buonorwyeckrx Ba3z ganHerc. OH COLEpHWT KpaTkoe ONMCaHWe Ha3HauyeHwA Da3wl, aBTopoB, cceinkn W agpeca. [nA Toro, uytobel obecneuynTe opueHTWpoBaHwe B 3ToM obBWWpHOM
MHfIopMaUnoHHoM npocTpadcTee, xypHan MNucleic Acids Research B TeueHwe pAga nocnefHWX NeT NepBLId HOMep ro4a NOCBALLAET onWCaHWAM Da3 AaHHbIX, CAenaHHEIM UX 3aBTOpamMu.

CnucoK aHHOTMPOBAHHEIX CCEINOK HA MONekynApHo-Guonoryeckne Basel 4aHHEIX, NPEfCTABMNEHHEIR HA HAWeM caite, oBHOBNAETCA NOCTOAHHO M OTPAXAST NONOXEHME Belled Ha
CETOAHALHKIA 4 eHk.




MonekynsipHo-bnonornyeckme 6asbl JaHHbIX

noangasy || Ak || prll || Benm || ey || Barmrpaee | mpowne |

10-crppere || 20-croperyos | so-croperps || cowenersa || mowess || momes ||:|

AARSDE - AminolcyHRMNASynthetases DataBase

ASTRAL - The ASTRAL Compendium for Sequence and Structure Anshysis
Bloimzge - Biological Images for scientific research

BilokisgResank [BMRE] - repository for data from MMR on proteins, peptides, and nucleic scids
Bilocks - most highly conserved regions of proteins

BREMDA - enzyme datsbsss

CE - Databases and Tools for 3-0¢ Protein Structure Comparison and Alignment
CWSTr - 3 database of clusters of SWISS-PROT+TrEMEL proteins

COG - the database of Clusters of Ortologous Groups of proteins

CaloD - Dali Domain Dictionany:

D - Database of Interacting Proteins

DOMAD - protein domain datsbase

DEsP - Dictionary of Secondany Structure of Proteins

- ENEYME nomenclsture datsbase

F550 - Fold classification based on Structure- Structure slignment of Proteins
GE0 - Gene Expression Omnibus

ETOF - Genomes TO Protsin structures and functions

Hisiones - Histone sequence database

H55P - Homology-derived Secondary Structure of Proteins

HUEE - Human Unidentified Gene-Encoded large protein database

nParanald - Eukanyotic Ortholog Groups Database

IProCizss - an integrated, comprehensive and annotated Protein Classification datsbase
1550 - Integrated Sequence-Structure Database

Ko - Kabat datsbasze of ces of proteins of imr logical interest
Koo - biochemical compounds declarative database

LEIC - Ligand Gated lon Channel subunit datsbase

LIZAND - LIGAND chemical databasze for enzyme reactions

MERDPS - Peptidaze datshass

MetsFam - 3 comprehensive protein family resource

MMOE - Molecular Modelling DatsBase

M50 - Macromolecular Structure Database

oL - Composite Protein Sequence Database

PALl - 3 database of Phylogeny and ALIgnment of homeologous protein structures.
PDE - Brookhaven Protein DataBank

PEAM - Protein families databaze of alignments and HMk=

FIR - Protein Information Resource

PIR-MLN - databsse of Protein sequence ALlighments

EMD - Protein Mutant Database

Prediciome - 3 datshase of putative functionsl links betwesn proteins

PRINTS - database of protein family fingerPRINTS

ProDom - Protein Domain families database

PROSITE - PROtein 5ITE= and patterns dictionany

Pirod x ;]

Fenzse - Restriction Enzyme dataBASE

SBASE - protein domain librany

SCOP - Structural Classification OF Proteins

SWISS-?DPAGE

SWISS-PROT - the protein sequence dats bank

The Homeodomaln Resource

TIGRFAMS - 3 protein family resowrce for the functionsl identification of proteins
wEMEL - EMBL protein-coding DMA sequence features translated into peptide seguences
uniPrat - the Universal Protein knowledgebass

|




MonekynsapHo-bunornornyeckme 6a3sbl JaHHbIX

OBLEAHHEHHLA UEHTP BYHCANTEALHOA GHOAOTHH W GHOHHOOPMATHKH

| SarmazezR | HEpesd Co2aT | KNEcTED | MO0SiTsl | B2l fEde | Comngd | ODMRENGR | KORT2HTs |

Maoneryramo-Sunnonssecie B30l [EHHLN

Mo andazsy ||ﬁ||ﬁ|| Eenm || MPRTEOOrMESHAE T || EuErAT || Mporase |

ENZYME - ENZYME nomenclature databass

=="Ealrmch 4 [100¢) Nucl Acids Ries_22 3030-3027
Balrach A (1000) Nugl Agigs Res 27, 310-311
Balrach A (3000) Nuc! Acios Res 3000 Vol 28 304-305

ENZYME - xpasmnimue wrchOpMaLpy, ESCIIOWERCR HOMERENGTY el GepwekToE. B NEpEYID CUEPENE OH3 OCHOB3H3 H3 PEEDMEHIAUMAX HOMEHENSTYprRoro comwTera |UBME (Nomenclsture Committes of the International Union of
Biochemistry and Molecular Bickogy) » ONMCHIESET BCE THNG SHIMMOE, EOTOPHM NpecEoeH kowep EG (Enzyme Commission). Mowck & Gase peanuzoeak no EC-Homepy, ENaccam GRpMEHTOE, NO XAMMMECEMW EOMNOBEHTM, N0
OMICIHNID (PEEOMEHTIOESHHOMY W ANETEPHITHEROWY MWEHK), N0 EodEkToRaM, No Kaseakwmw Gonesked, cERsaReD ¢ depwerton. Beporn 25.0, pamwpoeankan wonew 1939 roga w wenpaenekkan wa 18.10.99 kacurmueser 3706
ENMHNYE XpakeHrR. AETop Basw - Dr. Amos Bairch B Swiss Institute of Bioinformatics.

Anpec:

Fiii 10 ch /

Copyright 2001-2011 © MEETWTYT METEMATRECE: Mpofine. Seanon PAH




MonekynsapHo-bunornornyeckme 6a3sbl JaHHbIX

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 and Metabolic Pathways databsss
KEGE -Kyoto Encyclopedis of Genss and Genomes
- Database of metabolic pathways and enzymes
W - bolic PathWWays datsbasze
- Soybean metabolism dataBase
E2aD | Signaling PAthway Datsbass
Uk-EEN - University of Minnesota Biocatahysis/Biodegradation Database

Copyright 2001-2011 © MECTATYT MaTeMATAISCERT Nnofines) SHonon PAH

Mo>HO ncnonb3oBaTtb A5 NnoCTpOEeHUA MeTabonuyeckmux moaenemn



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 -
PubMed
Protein
Muclectide
G55

EST
Structure
Genome
BioSample
BioSystems |
Boolks ganization | Research | RSS Feeds
CancerChromosomes
Conserved Domains
dbGaP

db\ar

Epigenomics

Gene MCBI software
Genome Project a or software

GENSAT ccomplish specific tasks at NCBI

=]

chnology Infarmation advances science and
biomedical and genomic information.

m

GEO Datasets T 5to GenBank or other NCBI databases

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
SHP

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

A A



Basa gaHHbIX no nybnukaumsam B bmonornm n MeamumHe

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

My NCBI SiagnIn

= NCBI Resources (¥) HowTo (%)

PubWed gm, Search: PubMed E Limits Advanced search Help
U.5. Maticnal Library of Medicine Clear

Mational Institutes of Health

PubMed

PubMed comprises more than 20 million citations for biomedical literature from MEDLINE, life science journals, and online

books. Citations may include links to full-text content from PubMed Central and publisher web sites.

Using PubMed PubMed Tools More Resources
PublMed Quick Start Guide Publed Mabile MeSH Database
Full Text Aricles Single Citation Matcher Journals in MCBI Databases
Publed FAQS Batch Citation Matcher Clinical Trials
Publed Tutorials Clinical Queries E-Utilities

Topic-Specific Queries LinkOut

Mew and Moteworthy B



Basa gaHHbIX no nybnukaumsam B bmonornm n MeamumHe

F-;.' MNCBI Resources [v] How To [»)

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

5. Maticnal Library of Medicine metabolic pathwa il Clear

Mational Institutes of Health o -

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

Results: 1 to 20 of 81030 Page |1 |of4052 MNext= Lastss

O] Investigating the plant response fo cadmium exposure by proteomic and metabolomic approaches.
1. Villiers F, Ducruix C, Hugouvieux V, Jarno N, 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 prin]

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

M

[[] 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

fa

81030 ccbinok Ha KntodeBble crnoBa “‘metabolic pathway”



Genome
Sequence

ORF4549-—citF
ORF4550—GitE
ORF4551—citD | ' Flux

ORF4552—citC :
S v Balance |

Orf4543 Orid550 Orf4551 Anal SlS ]
Gene Annotation g y 1

Cellular
Physiology

_ Gene Function



[Tpmep aMMHOKMCNOTHOW NOcneaoBaTENIbHOCTY

MAALTRDPQFQKLQQWYREHRSELNLRRLFDANKDRFNHFSLTLNTNHGHILVDYSKNLV
TEDVMRMLVDLAKSRGVEAARERMFNGEKINYTEGRAVLHVALRNRSNTPILVDGKDVMP
EVNKVLDKMKSFCQRVRSGDWKGYTGKTITDVINIGIGGSDLGPLMVTEALKPYSSGGPR
VWYVSNIDGTHIAKTLAQLNPESSLFIIASKTFTTQETITNAETAKEWFLQAAKDPSAVA
KHFVALSTNTTKVKEFGIDPQNMFEFWDWVGGRYSLWSAIGLSIALHVGFDNFEQLLSGA
HWMDQHFRTTPLEKNAPVLLALLGIWYINCFGCETHAMLPYDQYLHRFAAYFQQGDMESN
GKYITKSGTRVDHQTGPIVWGEPGTNGQHAFYQLIHQGTKMIPCDFLIPVQTQHPIRKGL
HHKILLANFLAQTEALMRGKSTEEARKELQAAGKSPEDLERLLPHKVFEGNRPTNSIVFT
KLTPFMLGALVAMYEHKIFVQGIIWDINSFDQWGVELGKQLAKKIEPELDGSAQVTSHDA
STNGLINFIKQQREARVQ



BLAST ba3sa gaHHbIX N0 CpaBHEHUIO NOCegoBaTENIbHOCTEN

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

< BLAST it M
Home | RecentResults = Saved Strategies | Help | iSian in] [Reqister]|

+ NCBI BLAST Home
Your Recent Resuits New!
BLAST finds regions of similarity between biological sequences. more...

Protein Seguence {558 letters)
[ Adigning Multiple Protein Sequences? Try the COBALT Multiple Alignment Tool. |Go) e el

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

MNews

BLAST 2.2.25 release

o 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 nuclectide database using a nucleotide query
Algorithms: blastn, megablast, discontiguous megablast How T de Bt Bl AST e

protein blast yoearch protein database using a protein query ) )
Algorithms: 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 query B
thlastn | Search translated nucleotide database using a protein query More tips...
thlastx | Search translated nucleotide database using a translated nucleotide query

Specialized BLAST

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

o0 Make specific primers with Primer-BLAST
o Search trace archives



BLAST basa gaHHbIX N0 cpaBHEHUIO NMocneaoBaTesibHOCTEN

¥ Descriptions

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

Sequences producing significant alignments:

Accession | Description | Max score | Total score | Query coverage | _. Evalue | Links
AAP36518.1 Homo sapiens glucose phosphate isomerase [synthetic construct] 1163 11569 100% 0.0
NF_000166.2 glucose-6-phosphate isomerase isoform 2 [Homo sapiens] =sp|P06 1169 1169 100% 0.0 m
1JLH A Chain A, Human Glucose-6-Phosphate Isomerase >pdb|1JLH|B Cha 1167 1167 100% 0.0 E
AAF22645.1 sperm antigen-36 [Homo sapiens] 1167 1167 100% 0.0
1IAT A Chain A, Crystal Structure Of Human Phosphoglucose IsomeraseNE 1166 1166 99% 0.0 E
AAA3B36EE.1 neurcleukin [Homo sapiens] =gb|AAB36062.1| glucose phosphate | 1165 1165 100% 0.0 G
MP 001126934.1  glucose-6-phosphate isomerase [Pongo abelii] =sp|Q5R4E3.3 | G6PI 1158 1158 100% 0.0 (G M|
Q4R591.3 RecMName: Full=Glucose-6-phosphate isomerase; Short=GPI; AltNar 1155 1155 100% 0.0
ME 001075538.1  glucose-6-phosphate isomerase [Oryctolagus cuniculus] =sp|Q9M1 1100 1100 100% 0.0 [m
NF_999495.1 glucose-6-phosphate isomerase [Sus scrofa] =»sp|P08059.3|G6PI_| 1099 1059 100% 0.0 m
A1NET A Chain A, The Crystal Structure Of Phosphoglucose Isomerase From 1098 1098 99% 0.0 B
1G98 A Chain A, Crystal Structure Analysis Of Rabbit Phosphoglucose Isom 1098 1098 100% 0.0 S L7
1GZD0 A Chain A, Crystal Structure Of Pig Phosphoglucose Isomerase =pdb]| 1058 1098 99% 0.0 Bx
ME 001171651.1  glucose-6-phosphate isomerase isoform 1 [Homo sapiens] =dbj|BA 10597 10597 100% 0.0 m
BAG56947.1 nunnamed nrotein nrodoct THomo saniens] 1096 1096 100% 0.0 G

Onpegenunu pepmMeHT, COOTBETCTBYOLWMIA BbIBpaHHOW nNocneaoBaTenbHOCTU:
glucose-6-phosphate isomerase



ba3bl AaHHbIX MO MeTabosIN4YeCcKnm MNyTAM

KEGG Pathway Database:
http://www.genome.jp/keqqg/pathway.html

MetaCyc:
http://metacyc.orq/




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

HPRD: 01394

Ensembl: ENSG00000105220
UniProt: PO&744 B4DE39

Structure

ELE: gepdmile 1 JLH 1TET 1NUH
o
-'l\- [}

3

Pozition

15gl3.1

AR seq

PDB basa gaHHbIX o CTpykType benkos

Homo sapiens (human) : 2821

N\

558 aa M“E J DB ’“EE}
MAATTRD PO PO LOOWYREHRSELNLRRLFDANKDRFNHF SLTINTHHGHI LVDY SENLV

!

5 PDB structures

4R
.

y
POB:1IAT PFDBE:1JIQ PLB:1JLH PDB:1IRI EDBE: 1NUH
l.62 L 1.90 A 2.10 A 2.40 A 2.51 A
504 BME E4P 504 PLS
\Jdmol _J \Jmol _J \Jmol _J \Jdmol _J \Jmol _J

Onpepenunu CTpykTypy berka

. 7 L4
.-l' wh.-l’q?_-‘rfﬂ: » - .}-.,_'1-
= 5 N T e Pt 3 ./
i SR L €
..:. s -.- - ”



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
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{ 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.
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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
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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
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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
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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
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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
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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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http://www.brenda-enzymes.info/index.php4

{o1 BRENDA home
& BACK
%‘ History of your search

Enzyme Nomenclature

EC number
Recommended Name
Reaction

Reaction Type
Pathway

Systematic Name
Synonyms

CAS Registry Number
Substrate/Product
Matural Substrates
Cofactor

Metals and lons
Inhibitors

Activating Compound
KM Value
Turnover Mumber
kcat/kM Value

m

BRENDA

% The Comprehensive Enzyme Information System ‘ M h
EC 5.3.1.9 - Glucose-6-phosphate isomerase

Information on EC 5.3.1.9 - Glucose-6-phosphate isomerase:

Mark a special word or phrase in this record:

Select one or more organisms in this record: JERETERE

Show additional data

@ Do notinclude text mining results
Include AMENDA (text mining) results"=" (more...)
Include FREMDA results™="' (AMENDA + additional results, but less precise; more...)

O™ Pplease login to have access to the AMENDA and FRENDA data

o] »

Agropyrum pernix

Apis mellifera
Arabidopsis thaliana
Archaeoglobus fulgidus

2

Ki Value

IC50 Value

Specific Activity

pH Optimum

pH Range
Temperature Optimum
Temperature Range
pl Value

Organism related
Information

Source Tissue
Localization
Organism

General Information
Enzyme Structure
AA Se

Molecular .ﬁelgﬁ?

Subunits

Posttranslational
Mndifiratinn

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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http://www.rcsb.org/pdb/explore/explore.do?job=summary&pdbld=1iat

?i_‘ a memeer orF THE B IPDEB
2 An Information Portal to Biological Macromolecular Structures
PROTEIN DATA BANK As of Tuesday Mar 29, 2011 at 5 PM PDT there are 72104 Structures £] @ | PDB Statistics

Contact Us | Print PDB ID or Text ﬂ PDB ID lookup or Text search of the complete structure file Search | k& I:Advam:ed Search |

i N

+ MyPDB Hide LT EL Yl Sequence | Annotations | Seq. Similarity Biol. B Chem. | Methods

Login to your Account
Register a New Account

[E| pisplay Files =

CRYSTAL STRUCTURE OF HUMAN PHOSPHOGLUCOSE ‘ 1IAT = vownioadriles-

Hide ISOMERASE/NEUROLEUKIN/AUTOCRINE MOTILITY Share this Page ~
FACTOR/MATURATION FACTOR

t Home

News & Publications
Usage/Reference Policies

Deposition Policies DO0I1:10.2210/pdb1liat/pdb

Website FAQ

Deposition FAQ

Contact Us

Careers

External Links h I fh h hoal . lution: implicati f
Siternap The crystal structure of human phosphoglucose isomerase at 1.6 A resolution: implications for
New Webhsite Features catalytic mechanism, cytokine activity and haemolytic anaemia.

Read, 1., Pearce, 1.7, Li,X.~, Muirhead, H.~, Chirgwin, 1.2, Davies, C.~

t Deposition Hide ]
Journal: (2001) 1.Maol.Biol. 309: 447-463
All Deposit Services
Electron Microscopy PubMed: 11371164
X-ray | NMR DOI: 10.1006/jmbi.2001.4680 &

Validation Server
BioSync Beamline
Related Tools

Search Related Articles in PubMed ﬁ

PubMed Abstract:

Phosphoglucose isomerase (PGI) is a multifunctional protein, which, inside the cell, functions as a
housekeeping enzyme of glycolysis and gluconeogenesis and, outside the cell, exerts wholly unrelated
Advanced Search cytokine properties. We have determined the structure of human PGI to a resolution...

Latest Release
New Structure Papers [ Read More & Search PubMed Abstracts ]

Sequence Search
Chemical Components

t Search Hide

More Images...

Eir:g;’falt_]na:abase Classification: Isomerase . Other Viewers = Protein Workshop
Structure Weight: 53369.64

Explorer: Molecule: PHOSPHOGLUCOSE ISOMERASE Biological assembly assigned by authors

Last Structure: 11AT Polymer: 1 Type: polypeptide(L) Length: 557

Chains: A
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Wigdlo diidg iJgis
L0 Kl."l VALUE [mM] (KM VALUE [mM] SUBSTRATE ORGANISM COMMENTARY LITERATURE | IMAGE
Activating Compound Maximum
Functional Parameters 0.031 . D-fructose 6- Homo sapiens pH 7.5, 30°C, recombinant mutant $278L 2D-
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-
Organism ) phosphate mutant T275R image
General Infarmation 1 0.05 - D-fructose 6- Homo sapiens pH 7.5, 30°C, recombinant mutant E495K 702456 ®2D-
Enzyme Structure phosphate image
AA Sequence 0.06 . D-fructose 6- Pyrobaculum aerophilum pH 7.4, 80°C 661679 @20
PDB and Structure Links phosphate image
Molecular Weight 0.061 - D-fructose 6- Homo sapiens pH 7.5, 30°C, recombinant mutant R83W 702456 ®2D-
Subunits phosphate image
Paosttransiational 0.063 - D-fructose 6- Homo sapiens pH 7.5, 30°C, recombinant mutant T1951; pH 7.5, 30°C, recombinant mutant 702456 @ 2D-
Modlﬂce_ntmh phosphate VA0 image
Crystallization 0.068 ] D-fructose &- Homo sapiens pH 7.5, 20°C, recombinant mutant R472H 702456 ®2D.
Molecular Properties phosphate T
pH Stability A . -
T P— 0147 - D-fructose 6- Escherichia coli 22°C, pH7T 4 661902 ®2D-
emperature Stability phosphate —
General Stability
Organic Solvent Stability 0.2 - D-fructose 6- Thermoplasma 80°C,pHT74 662220 ®2D-
9 - — phosphate acidophilum image
Crxidation Stability . . ®
s . - - - v B _—L
Storage Stability 0.21 D-fructose 6 Aeropyrum pernix 50°C, pH7.4 662220 2D
— phosphate image
Purification
Cloned 0.27 - D-fructose 6- Mycobacterium pH 7.6, 25°C 682664 82D
. phosphate tuberculosis image
Expression - — — —

Onpep,envu'lm KMHETUYECKME KOHCTaHTbI AJ14 ypaBHEHNA CKOPOCTU
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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

e S W T —

= NCBI | Resources [v] HowTo (%) My NCBI Sign In

Pubwedgov Search: PubMed E Limits Advanced search Help

U.5. National Library of Medicine

Search LT
MNational Institutes of Heslth

Display Seftings: | Abstract Send ta:

Biochim Biophvs Acta. 2009 Feb;1794(2):315-23. Epub 2008 Mov 21.

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]
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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
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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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