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Llenn n 3apgayn metabonn4eckoro MogennmpoBaHus

Hay4yHble 3ada4u:
‘riccrieqoBaHNe MeXaHU3MOB KNETOYHOW perynsaumm
*0ObACHEHME SKCNEPUMEHTANBHO YCTAHOBMEHHbIX haKTOB

‘ripefcka3aHne HOBbIX eLle He BbISABMNEHHbIX BHYTPUKNETOYHbIX
ABINeHnn

*CYCTEMATU3aLMNA HAKOMNITEHHbIX 3KCNEPUMEHTANbHbIX JaHHbIX
buouHXeHepHbIe 3adayvu.
*IoNny4eHne HeobxoaMMbIX BELLIECTB N3 DakTepuanbHbIX KIETOK U
OPYrnx opraHM3mMoB

-pa3paboTka HOBbIX NEKAPCTB

-nosiydeHne buortonnmea

*pa3paboTka HOBbIX LUITAMMOB C Hanepes 3agaHHbIMU CBOMCTBaAMM



YpOBHU nccnegoBaHna MeTabornmyeckmnx peakumm

In vitro In vivo In silico

CBOWCTBA OTAENbHbIX onucaHme NOCTPOEHNE
MeTabonuToB N UX XapakTepUCTNK «3NEKTPOHHOM
aMHaMuKa mMeTabonuMama KrneTku KNETKU»

B LlefioM
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Escherichia coli

http://mww3.niaid.nih.gov/NR/rdonlyres/49477C30-0513-47BE-88FC-17974CB1F952/0/e_coli.jpg)

Escherichia coli — ygobHbIM 00bEKT Ans MogennupoBaHUS
KNneTo4yHoro metabonmama



MetaOonuueckue nytu Escherichia coli
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[MpencraBneHne metabonmyeckmux nyTen
LleHTpanbHble MeTabonuyeckme nyTu
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[TocTpoeHne metabonnyeckon Moaernu:

PEKOHCTPYKLMSA METabonn4ecknx nyTen:
MOCTPOEHNE 0OLLEN CXEMbI METADONUYECKNX NYTEN

MaTtemMaTmnyeckoe onncaHume:
BbIBO YPaBHEHMN CKOPOCTU N NOCTPOEHUNE CUCTEMDI
ypaBHEHUN B COOTBETCTBUN C MeTabONM4eCckon KapToun



PeKkOHCTPYKUMA MeTabONMNYECKNX MYTEN
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[eHOM [poTeom MeTtabonom

(COBOKYMHOCTbL FEHOB) (COBOKYMHOCTbL 6€erikoB) (COBOKYNHOCTb
MeTabonMMYecKknx peakumn)

@
rev1 @ —-»> O(pepmeHTl —————— - peakuusl
@
reH2 @ ~—— """ —— > chepmeHTZ —————— -+ peakuuna2
v
@
ren3s @ —————————- > O(bepmeHT3 —————— - peakuma3



[TpymMep aMUHOKMCNOTHOW NMocneaoBaTesibHOCTH
MAALTRDPQFQKLQQWYREHRSELNLRRLFDANKDRFNHFSLTLNTNHGHILVDYSKNLVTEDVMRMLVDLAKSRGVEAA
RERMFNGEKINYTEGRAVLHVALRNRSNTPILVDGKDVMPEVNKVLDKMKSFCQRVRSGDWKGYTGKTITDVINIGIGGSD
LGPLMVTEALKPYSSGGPRVWYVSNIDGTHIAKTLAQLNPESSLFIIASKTFTTQETITNAETAKEWFLQAAKDPSAVA
KHFVALSTNTTKVKEFGIDPQNMFEFWDWVGGRYSLWSAIGLSIALHVGFDNFEQLLSGAHWMDQHFRTTPLEKNAPVLL
ALLGIWYINCFGCETHAMLPYDQYLHRFAAYFQQGDMESNGKYITKSGTRVDHQTGPIVWGEPGTNGQHAFYQLIHQGT
KMIPCDFLIPVQTQHPIRKGLHHKILLANFLAQTEALMRGKSTEEARKELQAAGKSPEDLERLLPHKVFEGNRPTNSIVFT
KLTPFMLGALVAMYEHKIFVQGIIWDINSFDQWGVELGKQLAKKIEPELDGSAQVTSHDASTNGLINFIKQQREARVQ

BLAST basa gaHHbIX Mo CpaBHEHWUIO NocrieaoBaTeribHOCTEN

¥ Descriptions
Legend for links to other resources: M uniGene 3 cEo [E Gene B structure [ Map Viewer B4 PubChem BioAssay

Sequences producing significant alignments:

Accession | Description [ Maxscore [ Totalscore | Query coverage |_ Evalue | Links |

AAP36518.1 Homo sapiens glucose phosphate isomerase [synthetic construct] 1169 1169 100% 0.0

NP _000166.2 I -6-phosphate isomerase isoform 2 [Homo sapiens] >sp|P06 1169 1169 100% 0.0 U G M|

1JLH A Chain A, Human Gluc: hate Isomerase >pdb|1JLH|B Cha 1167 1167 100% 0.0 [s]

AAF22645.1 sperm antigen-36 [Homo sa piens] 1167 1167 100% 0.0

1IAT A Chain A, Crystal Structure OF Human Phosphoglucose Isomerase NE 1166 1166 98% 0.0 B

AAA36368.1 neurcleukin [Homo sapiens] >gb|AAB36062.1| glucose phosphate i 1165 1165 100% 0.0 |G|

NE _001126984.1 g e isomerase [Pongo abelii] »sp|Q5R4E3.3|G6PI 1158 1158 100% 0.0 [G M|

©D4R591.3 RecName: Fu -phosphate isomerase; Short=GPI; AltNar 1155 1155 100% 0.0

MNP _001075538.1 | glucose e isomerase [Oryctolagus cuniculus] >sp|QoN1 1100 1100 100% 0.0 =
ucose-6-phosphate isomerase [Sus scrofal »sp|P08059.3|GEPI_| 1089 E U Gm|
ain A, The Crystal Structure Of Phosphoglucose Isomerase From 1098 B
ain A, Crystal Structure Analysis Of Rabbit Phosphoglucose Isom 1098 BEi
ain A, Crystal Structure OF Pig Phosphoglucose Isomerase >pdb| 1098 BEd
ucose-6-phosphate isomerase isoform 1 [Homo sapiens] >dbj|BA 1097 U G M|

BAGSE947.1 | unname d nrotain nro duct THoma saniens] [c]

depMEHT, COOTBETCTBYOLWMI BbIBpaHHOW nocneaoBaTeflbHOCTU
glucose-6-phosphate isomerase

peakuus, KaTanusmpyemasi epMEHTOM —— — & oOMnpeaeneHne Bcex peakuum
G6P =——» FAP mMeTabonm4yeckoro nyTu




KEGG basa gaHHbIX N0 MeTabonMnM4Yeckum nyTam

GLYCOLYSIS / GLUCONE OGENESIS
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KEGG basa gaHHbIX No meTabonmyeckum nyTam

Kbc Search | ENZYME = | for |glucose-G-phosphate isomerase |Gn| |Dlear|

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

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

DBGET integrated database retrieval system



KEGG basa gaHHbIX N0 MeETabOMNYECKUM MYTAM

Mlee

ENZYME: 5.3.1.9

Help

Entry

EC 5.3.1.9 Enzvme

Hame

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

hexosephosphate iscomerase;
rhosphosaccharomitase;
rhosphoglucoisomerase:
rhosphohexocisomerase;
rhosphoglucose lsomerase;
glucose phosphate isomerase;
hexose phosphate isomerase;
D-glucose-b6-phosphate ketol-isomerase

Class

Isocmerases;
Intramolecular oxidoreductases;
Interconverting aldoses and ketoses,

BARITE hicrarchy)

and related compounds

5Y sname

D-glucose—-6-phosphate aldose-ketose-isomerase

Reaction (IUBMB)

D-glucose &-phosphate = D-fructose &-phosphate [BM: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

Alsc catalvses the anomerization of D-glucose &-phosphate.

Pathway

ec00010
ec00030
ecl0500
ecl0520
ec01100
ecl1110
ecll1120

Glycolysis f Gluconeocgenesis

Pentose phosphate pathway

Starch and sucrose metabolism

Aminoc sugar and nuclecotide sugar metabolism
Metabolic pathways

Bicsynthesis of secondary metabolites
Microbkial metabolism in diverse environments

Orthology

K01810 glucose-6-phosphate isomerase
KO0&8859 glucose-6-phosphate isomerase, archaeal

K13810 transaldcolase S glucose-6-phosphate isomerase

Genes

HSR: 2321 (GEI)
FTR: 455941 (GEI)
PON: 100174008 (GBI}

. T 7020

All links=

Cmtology (5]

EEZEZ BERITE (5]
Pathway (B421}

FEGE PATHWAY (S5587])

FEGEF MODULE (2834)
Dimmg=e (1]

OMIM (1}
CThemical =ub=stance (5]
FEEGE COMPOUND (5]
Chemical reaction (14}
FEGE ENZYME (1}
FEZE BERCTION (5]
FEEZE RPAIR (4]
EFEZEF RCLA3IT (4]
Genome= (3]

FEEEZE GENCME (3]
Fene [2205]

FEEZE CORTHOLOEY (3]

EEGE GEWE3 [(1454])
EEGZE DEEKE3 (27)
EEGZ EGEWE3I (450}

EEGE MEEKE3 (235)

Frotein segquence (€112}
UnifProt [(3%230]
FRE (180}
Ref3eqg(pep}l (18EQ]
FDE3TE ([12€}
PMD (B}

DHA =equence [(24321]
Refleginuc} (1843}

GenBank (1541}
EMEL (1337}

30 Ftructure [E4)
FDE (€4}

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

Literature [5]

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

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

All databases (21775])



KEGG basa gaHHbIX N0 MeETabOMNYECKUM MYTAM

K[@G

REACTION: R0O0771

. Help |
Entry ROOTT1 Reaction
Name D-glucose-6-phosphate aldose-ketose-isomerase
Definition|D-Glucose &-phosphate <=> D-Fructose bt-phosphate
Equation |[C00092 <=> CO00B5

HO H Q

| o Q OH
HO \@DH HD"I,:I'_Dhg_Z%:H
HO™ Ok OH Ho  OH
OH CO00sh

00092

RPair

Enzyme

RE01082 CO008> CO00%2 main
3. g

L
=




MetaCyc basa gaHHbIx N0 MeTabonnMyeckum nyTsam

MetaCyc Pathway: glycolysis |

Enzyme Wiew: |AII Organisms El [ Maore Detail ] [ Less Detail ] [ Species Comparison

starch degradation
transport of glucase by FTS

sorbitol degradation 11
sucrose degradation |
L-zorbose degradation
isomerase (Eck: Ec-pyi rmannital degradation 11
phosphoglucese D-mannose degra.démcun
isomerase (At): At-PGI D-allose degradation
glucose-G-phosphate
isomerase {Sch: Sc-PGl1
glucose G-phosphate
isomeraze {Mp):
531439

[-D-glucose-6-phosphate
F'

phosphoglucose

pentose phosphate pathway

v
D-fructose-6-phosphate

fiuctose-1,6-
+! =} hisphosphatase (Ec): Ec-fhp ='-f=phosphofructokinase (Ec)y: Ec-prkB
fructose 1,6- ATP - . : I
phoszphat hisphusph,aia&e {Ech: Ec-glpX _h\' +! G=phosphofructokinase (Ec): Ec-pfki
fructose-1,6- = G-phosphofructokinase {Rc)
HaO bisphosphatase {Ec): Ec-yogF H* _‘/ + = G-phosphofructokinase (Rc)
z fructose 1,6- ADP 6-phosphofructokinase (Mp): Mp-prka
bisphosphatase {Ec): Ec-ybhA 27111
3.1.3.11 S
fructose-1,6-bisphosphate
'y
fructose bisphosphate
aldolase {Ec): Ec-fhaB
fructose bisphosphate
aldolase {Ec): Ec-fhaf

fructose- 1,6-bisphosphate
aldolase (L)

fructose-1,6-

bisphosphate aldol (S0)
fructose-bisphosphate
aldolase {Mp): Mp-Tha

trinas nhnenhats



BRENDA Bbaza gaHHbIx no benkam

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

{2} BRENDA home
L BACK %% BRENDA

@5, History of your search

The Comprehensive Enzyme Information System | m ||
Enzyme Nomenclature EC 5.3.1.9 - Glucose-6-phosphate isomerase
EC number
Recommended Name
Reaction Information on EC 5.3.1.9 - G|UGOSE-B-phOSph3tE isomerase:;
Reaction Type
FPathway E PRINT
Systematic Name Mark a special word or phrase in this record: Mark!

Synonyms -

CAS Reqistry Number Select one or more arganisms in this record:
Enzyme-Ligand Interactions Aeropyrum pernix

m| »

Substrate/Product -‘\DiS_mellif_era _
Matural Substrates Arabidopsis thaliana

= Archaeoglobus fulgidus - | | Submit
Cofactor 3 a g -
Hetals and lons show additional data
Inhibitors

Activating Compound @ Do notinclude text mining results
Functional Parameters Include AMENDA (text mining) results"="' (more...)
KM Value Include FREMDA results"=" (AMENDA + additional results, but |ess precise; more...)

Turnover Number
kecat/kM Value

7 Please login to have access to the AMENDA and FRENDA data

KiValue

IC50 Value

pH Optimum 53%1.0 :

pH Range

Temperature Optimum

Temperature Range

pl Value Glucose-6-phosphate isomerase GO:0004347

Organism related
T REACTION REACTION |COMMENTARY ORGANISM | LITERATURE
Source Tissue DIAGRAM

Localization D-Glucose 6-phosphate = D- i
Organism fructose 6-phosphate A
General Information

Enzyme Structure

D-Glucose G-phosphate = D- push-pull mechanism of ring opening in which H388 breaks the 05-C1 bond by donating a proton, and Mus musculus 662633

fructose 6-phosphate A simultaneously, K518 abstracts a proton from the C1 hydraoxyl group
AA Sequence
POB and Structure Links D-Glucose 6-phosphate = D- mechanism is based on an enediol intermediate Pyrococcus BE263T
Maolecular Weight fructose 6-phosphate A furiosus
Subunits D-Glucose 6-phosphate = D- multistep catalytic mechanism, model including catalytically active amino acids Oryctolagus 663346
Posttranslational fructose 6-phosphate A T

Madifiratinn 3
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Enzyme Nomenclature EC 5.3.1.9 - Glucose-6-phosphate isomerase
EC number
Recommended Name
Reaction Information on EC 5.3.1.9 - G|UGOSE-B-phOSph3tE isomerase:;
Reaction Type
FPathway E PRINT
Systematic Name Mark a special word or phrase in this record: Mark!

Synonyms -

CAS Reqistry Number Select one or more arganisms in this record:
Enzyme-Ligand Interactions Aeropyrum pernix

m| »

Substrate/Product -‘\DiS_mellif_era _
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= Archaeoglobus fulgidus - | | Submit
Cofactor 3 a g -
Hetals and lons show additional data
Inhibitors

Activating Compound @ Do notinclude text mining results
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Organism related
T REACTION REACTION |COMMENTARY ORGANISM | LITERATURE
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Organism fructose 6-phosphate A

General Information
e D-Glucose G-phosphate = D- push-pull mechanism of ring opening in which H388 breaks the 05-C1 bond by donating a proton, and Mus musculus 662633
yme d fructose 6-phosphate simultaneously, K518 abstracts a proton from the C1 hydroxyl group

AA Se A
< DB and Structure Links > D-Glucose 6-phosphate = D- mechanism is based on an enediol intermediate Pyrococcus BE263T
Malecular Welg fructose 6-phosphate A furiosus

Subunits D-Glucose 6-phosphate = D- multistep catalytic mechanism, model including catalytically active amino acids Oryctolagus 663346
Posttranslational fructose 6-phosphate T
Mndifiratinn i
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PDB ba3sa gaHHbIX 1Mo CTPYKType Oenkos

http://www.rcsb.org/pdb/explore/explore.do?job=summary&pdbld=1iat
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ﬁ & memeer of THE £ IPID B
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 E] @ | PDB Statistics

b,

Contact Us | Print PDB ID or Text =l PDB ID lookup or Text search of the complete structure file 21| [ Advanced Search |

Login to vour Account
Register a New Account

i i |# pisplay Files =
CRYSTAL STRUCTURE OF HUMAN PHOSPHOGLUCOSE 1IAT : oownloadFiles~
— " ISOMERASE /NEUROLEUKIN/AUTOCRINE MOTILITY 3 share this Page
FACTOR/MATURATION FACTOR

News & Publications
Usage/Reference Policies .
Depaosition Paolicies DOI:10.2210/pdb1iat/pdb
Website FAQ
Deposition FAQ
Contact Us

About U i itati i i
Ca:l;erss Primary Citation 4 Biological Assembly ?

Ef:::; Links The crystal structure of human phosphoglucose isomerase at 1.6 A resolution: implications for

New Website Features catalytic mechanism, cytokine activity and haemeolytic anaemia.

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

1 Deposition Hide )
Journal: (2001) 1.Mol.Biol. 309: 447-463
All Deposit Services
Electron Microscopy PubMed: 11371164
A-ray | NMR DOI: 10.1006/jmbi.2001.4680 F

Validation Server
BioSync Beamline Search Related Articles in PubMed [l

Related Tool
Fiated oo 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
fdt"agc'::':: Search cytokine properties. We have determined the structure of human PGI to a resolution...

artes elease

New Structure Papers [ Read More & Search PubMed Abstracts ]
Sequence Search

Chemical Components S T
Unreleased Entries 1t Molecular Description Hide |\ﬁ View in Jmol’| SimpleViewer

1t Search Hide

More Images...

Eir;'g;fag_la;abase Classification: Isomerase. Other Viewers = Protein Workshop
Structure Weight: 63369.64

Explorer: Molecule: PHOSPHOGLUCOSE ISOMERASE Biological assembly assigned by authors

Last Structure: 1147 Polymer: 1 Type: polypeptide(l) Length: 557 -

Chains: A
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PDB basa gaHHbIX No CTpyKType Oenkos

Biological Assembly Image for 1IAT
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Download Image




Teopernueckue NOaX0Abl U KOHLEHIIUN
META0O0JIMYECKOTO MOJICIUPOBAHUS

Knaccuueckuni cucmemmuniit nooxoo

1. BbIOAENUTDL ArieMeHTapHble eanHNLbl CUCTEMBbI

2. 0XapakTepu3oBaTb BCe 3HaYNMbIE
B3aMMOOENCTBUSA MexXay eaAnHULaMu

3. opraHn3oBaTb €4uHULbI KaK nepapxuio
B3aMMOOEUCTBYIOLWNX MOaynen

4. onncaTb COCTOSIHME KaXXaou eOnHULbI U
Ka)XOoro B3anmMmoaencTBuUs KOnn4ecTtBeHHo



OBonouma metadbonmyeckom moaenm

1. MeTabonuyeckas peakuns gobaensercs, ybnpaercsa nnm
3aMEHAETCS Ha OpYryio.

2. MexaHn3m peakumm yCnoXXHAETCH, ynpoLlaeTcs,
3aMeHsdeTca Opyrum.

3. HensBecCcTHblE KNHETUYECKNE NAapaMeETPbl OLIEHMBAKOTCS C
NOMOLLIbIO PUTUPOBAHUS.

Mj— M, — M,

\ s M6a — M7a

M, — M.

\ b Mg, = My,

> Mg — M, — M,,




[lpeagcTtaBneHne CKOPOCTU peaKkunn

B cooTBeTCTBUM C 3aKOHOM OEUCTBYIOLLMX MacC

(CKOpOCTb peakunmn rnponopunoHaribHa BeEpPOATHOCTU CTOJNIKHOBEHUA peareHToB, a
BEPOATHOCTb B CBOKO O4epeb rnporopumnoHasibHa KOHUEeHTpauun peareHToB C y4eTOM
MOJEKYJTAPHOCTU peaKLI,I/II/I)

Ky

>2P

[insi peakuum S, +S,3

K

5 V - obLas CKOpOoCTb peakumu
V= klslsg — k_lp =V, —V_ V, - CKOPOCTb NPsIMON peakuunm
V_ - CKOPOCTb 0OpaTHOW peakumnu

B obwem Buae:

m; n mj COOTBETCBYIOT

V = = k+ I I Simi —k I I ijj MOIeKynsipHOCTN S, 1 P,
i j

CKOpOCTb peakunn MOXeT ObITb Bblpa>XeHa KakK 4epe3 KOHUEeHTPpaLuuun
pearmpyrwmnx seecTtB, Tak N B BUae banaHca ckopocTeun NPAMbIX U

obpaTHbIX peakuun.




Tunbl MmeTabonuyecknx mogenemn

KUHeTn4yeckme mogenu — cucrtemol Oy

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

* NepemMeHHasi Mogenu - metabonut

* OonuncaHune oTaeNbHbIX METADONUYECKUX NYTEN

* pelueHne mogenu — gMHaMn4yeckoe noseaeHne
MEeTaboNnMTOB BO BPEMEHM

cTexmoMeTpuyeckme (MOTOKOBbIE) MOAESrIU — CUCTEMDI
NWHENHbIX anredbpanyecknx ypaBHEHNN

¢ (~100-1000 ypaBHEHMN)

* nepemMeHHast Moaenu — MetTabonIMyeckuim noTok

e onucaHme metabonmama Lenown KneTku

* pelleHne Moaenun — ctauuoHapHoe pacnpegeneHune
MeTabonmyecknx NOTOKOB



CTtexnmomeTtpuyeckme KoadpdpnymeHThbl

CTtexmnomeTtpuyeckme KoadduumeHTbl 0603HavatoT nponopumn
cybcTpaToB U NPOAYKTOB, Y4aCTBYHOLLMX B peakumu.

Vv

Mpumep: S, +S, —=2P

Crtexnometpuyeckune KoapduumeHtol ana S; S, n P: -1, -1 un 2.

Habop ctexmomeTpuyeckmux kKoadMmuumeHToB He eANHCTBEHEH:

eCIu cYUTaThb, YTO ANA NofydeHUs ogHOro MOMs UCNorb3yeTcH No NoroBuUHe
MOnSA Kaxkgoro cybcTtpara S; u S,, MOXHO 3anucarb: -1/2, -1/2 n 1,

UNMn ecnn N3MeHUTb HanpaBneHne peakunun, Torga MoXXHoO 3anucatb: 1,1 v -2.



OLlY ons ogHOM N HECKOSbKMX peaKkumnm

v
ONs peakuum Sl + SZ —)( 2P V=V, -V
nveem OLY:
ds, — ds, —_y ybbinb cybcTparta S; CoO CKOPOCTbIO V
dt dt conpoBoxaaeTcs yobinbio cybcTparta S, ¢ Ton xe
dpP CKOPOCTbIO U YOBOEHHOM CKOPOCTbIO YBENNYEHNSA
E =2V KOHLeHTpauuu npogykra P
o il"
dusj- _ T n; — CTEXMOMETPUYECKNE KOIPPULINEHTI
At 4 - g mMeTabonuTa i B peakuum | i=1..m
. =

[ns meTabonuyeckom ceTn, COCTosILLLEN U3 M MEeTabonNUTOB U ' peakLni,
OVHaMKMKa CUCTEMbI OMUCLIBAETCHA CUCTEMOW M ypaBHEHUN.

YpaBHeHUs1 Ha3. ypaBHeHUAMM BanaHca, NOCKOMbKY paccMaTpuBaeTCS
BanaHc Mexay CMHTE30M 1 pacnagomMm meTtabonuTa:



KuHetndyeckue moaenwu

- MOCTPOEHME CXEMbI METADONIMYECKOrO NyTH
- BbIBO[, YPaBHEHUA CKOPOCTU ANA KaXJ0oW peakLumm

- 00begnHeHNe B cucteMy andpdepeHumanbHbIX
YpaBHEHUU

-noabop napamMmeTpoB

-Bepudomkalus Mogenu rno aKcnepmMMeHTarnbHbIM
OaHHbIM



[MpeactaBneHne MeTabonmyecknx nyTen

LleHTpanbHble MeTabonuyeckue nyTu

Glc—uLt> G|c6P +> Rul5P «— MeTabonurthbl

)
(6

2
F
3
AT Y
meTabonuueckue GA3P ErydP Sed

peakuuu \:F&;A ?
v NMeHTO30hoChaTHLIN NYTb

&-PEP
co, **6

rmukonuns

| - Linkn TpukapboHOBbIX
Figure from Ermir Qeli
Information Visualization Techniques for AKG KUCNOT

Metabolic Engineering
Dissertation zur Erlangung des 5
akademischen Grades Doktor der o ¢
Suc 4 CO;

Naturwissenschaften (Dr. rer. nat)



LleHTpanbHble meTabonuyeckue nyTu

Glc 2Ly cjlcep +> Rul5P
Y X

CO,
Frué

2l Xul5P Rib
FruB
—(J-V Ery4P Sed

I'IeHTosocbocqoaTH b/ NYyTb

f GlyOx X“
Lukn TpukapOboHOBbIX

A KUCnoT

mMukonus

)
)>
>
w
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PGA

tpi
DAP < GAP




BbiBOO ypaBHEHUSA CKOPOCTU

tpi
DAP < GAP

/ \ KnHeTnyeckasa cxema
B3aMMogencTema cybeTpara u

>E+P npoaykTa ¢ hepMeHTOM

Katanutundecknu umkn dpepmeHTa

S DAP
K, "

E ES tpi tpi-DAP
K, <



BbiBOA ypaBHEHUSA CKOPOCTHU
MeToa KBa3n-cTauMOHaApPHbIX KOHUEHTpauumn

KuHeTnyeckas cxema B3anmMmoOeuncTsust cybctpaTa n npoaykra ¢ epMeHTOM:

k k
E-I—S( . >ES( . >E+P
k 4 k ,
CooTBeTcTBYOLWas cucrtema andpdepeHumnanbHbiX ypaBHEHNMN:

dS

= =—k,-S-E+k_,-ES

((jjt MealieHHble nepemMeHHbIe

P
EZKZ.ES_k—Z.E.P
dE

— =—k-S-E+k,-ES+k,-ES—k,-E-P

{ \~ ObICTpble NepeMeHHbIe

dES
—=k,-S-E-k ,-ES—-k,-ES+k_,-E-P
dt
YpaBHEHMe CKOPOCTMU:
S P
Ky s =Ko m
dP dS K, K,
dt dt 1+ o N o



dountTrupoBaHne METOAOM
HaUMEHbLUNX KBadpaToB

n, nmolesdmin

Product Farmatio

OnpegerneHne KOHCTaHT CKOPOCTK

ansa Tpuosodocdar naomepassbl (tpi)

tpi

DAP < GAP

-

(.

IKCNnepnmMmeHTalibHblE
TOYKU

/ KrIT?AP

GAP
K

=23 mM

=1.5mM

k,=45000 1/min,
k ,= 520000 1/min

J

e

\

0a3bl AAHHbIX

. DAP GAP
K DAP K GAP

DAP GAP

DAP GAP

KOHCTaHTbl Mmnxaanuca ans
cybcTpaTta 1 npoaykrta

KaTannTuyeckme KOHCTaHTbl Ans
npaMon n obpaTHOW peakumm
(uncno obopoToB depMeHTa)



BRENDA Bbaza gaHHbIx no benkam

WiegLldls diidg v
LIS Kl.'! VALUE [mM] | KM VALUE [mM] SUBSTRATE ORGANISM COMMENTARY LITERATURE [ 1| 1AGE
Activating Compound Maximum
F""C"""a' LaENCIET 0.031 . D-fructose 6- Homo sapiens pH 7.5, 30°C, recombinant mutant S278L 702456 ® 2D
KM Value phosphate image
T Humb
Lmover umuer 0.034 ] D-fructose 6- Homo sapiens pH 7.5, 30°C, recombinant mutant 1525T 702456  @2D-
kcat/kM Value phosphate e
KiValue
G50 Val 0.037 - D-fructose B- Homo sapiens pH 7.5, 30°C, recombinant wild-type enzyme 702456 @20
alue phosphate image
Specific Activity
. 0.038 = D-fructose 6- Homo sapiens pH 7.5, 30°C, recombinant mutant R347H; pH 7.5, 30°C, recombinant 702456 8 2D-
pH Optimum
pH Range phosphate mutant R75G image
Temperature Optimum 0.039 - D-fructose 6- Homo sapiens pH 7.5, 30°C, recombinant mutant L487F 702456 ®2D-
phosphate image
Temperature Range
pl Value 0.04 = D-fructose 6- Methanocaldococcus 50°C, pH 6.3 649517 ®2D-
Organism related phosphate 1annaschil SEaE
Information 0.045 - D-fructose 6- Homo sapiens pH 7.5, 30°C, recombinant mutant A300F; pH 7.5, 30°C, recombinant mutant 702456 ®2D-
Source Tissue phosphate L33gP image
Localization 0.046 = D-fructose 6- Homo sapiens pH 7.5, 30°C, recombinant mutant R347C; pH 7.5, 30°C, recombinant 702456 ®2D-
Organism : phosphate mutant T375R image
General Information 0.05 - D-fructose G- Homo sapiens pH 7.5, 30°C, recombinant mutant E495K 702456 8 2D-
Enzyme Structure phosphate image
AA Sequence 0.06 - D-fructose - Pyrobaculum aerophilum pH 7.4, 80°C 561679 87D
PDB and Structure Links phosphate image
Maolecular Weight 0.061 - D-fructose - Homo sapiens pH 7.5, 30°C, recombinant mutant R83W 702456 822D
Subunits phosphate image
Postiranslational 0.063 - D-fructose 6- Homo sapiens pH 7.5, 30°C, recombinant mutant T1951; pH 7.5, 30°C, recombinant mutant 702456 @20
Madification phosphate V101M image
Crystallization 0.068 ] D-fructose 6- Homo sapiens pH 7.5, 30°C, recombinant mutant R472H 702456 @20
Molecular Properties phosphate image
pH Stability . i .
— 0.147 - D-ructose 6- Escherichia coli 22°C,pH7 4 661902 8 20-
Temperature Stability phosphate - e
General Stability
e o 0.2 - D-fructose B- TIhermoplasma 80°C, pH 7.4 662220 @20
g ity phosphate acidophilum image
Oxidation Stability .
i . - H = *C, - g
Storage Stability 0.21 D-fructose 6 Aeropyrum pernix 50°C,pH 7.4 662220 82D
—— phosphate image
Purification
Cloned 0.27 - D-fructose 6- Mycobacterium pH 7.6, 25°C 682664 ®2D-
- phosphate tuberculosis image
Expression — T = — - T — —

KMHETNYECKNE KOHCTAaHTbI AJ14 YpaBHEHNA CKOPOCTU



Basa gaHHbIX no nybnukauusam B Guonornm n meauumHe

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, 5.; Meng, M.; Biochim. Biophys. Acta 1794, 315-323 (2009)

Data extracted from this reference:

Cloned(Commentary)

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

Engineering

Amino acid

Commentary

<A
s

Crrganism

Homo

AZDOP the mutation may affect the folding efficiency of the enzyme protein, the mutant shows reduced expression level and barely detectable activity e
E495K the mutation may affect the folding efficiency of the enzyme protein, the mutant shows reduced expression level and barely detectable adlivity; the mutation weskens network bonding of the enzyme :‘:p?:_ls
H389R the mutation 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 deoeasing padiing efficiency; the mutation destabilizes the ternary structure of the enzyme ::pr?;s
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Biochim Biophvs Acta. 2008 Feb;1754(2):315-23. Epub 2008 Nov 21.

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 ST, Meng M.

Graduate Institute of Biotechnology, Mational Chung Hsing University, Taichung, Taiwan 40227, Republic of China.

Abstract

Glucose-G-phosphate isomerase (GPI), 3 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 hemalytic anemiain
human. To gain a more complete understanding of the molecular basis for the hemalytic anemia due to the GPI-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,
particularly kicat). as well as structure stabilitv: (2} mutations at or close to the active site, including R273H, H389R, and S278L, cause agreat damaae to the catalytic function, vet

CCbIJTIKM Ha CXOoAHble ny6n|/||<au,|/||/|
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phosphate isomerase de [Biophys Chem. 1997]

Expression and enzymatic characterization of
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Maolecular basis of neurological dysfunction
coupled with haemolytic anat [Hum Genet. 1995]
Glucose-G-phosphate isomerase

d [Baillieres Best Pract Res Clin Haematol. 20..]

M Red cell glycolytic enzyme disorders
Zardiovasc Hematol Disord Drug Targets. 200..]



Knaccudomnkaumnsa metabonnyeckmux peakumn
(Cleland 1963)

A B P Q
EA T EQ T
- EAE EPQ = F

Random Bi Bi Mechanism

Seqguential Bi Bi Mechanism

» £ Ping-Pong Mechanism

EA  E'P E” E'B EOQ

Kak ebiso0umcs ypasHeHuUe ckopocmu 8 criydae boriee, 4yem 00Ho20 cybecmpama u rpodykma?



Mopenb ueHTpanbHoro metabonunama E.coli
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Manfred Rizzi et al,
Institute of Biochemical Engineering,
University of Stuttgart, Germany

1. BbiBEnun ypaBHeHUS
CKOPOCTW AN KaXgoro
depmeHTa.

2. ObbegnHUN B cMctemy
ypaBHEHUU ON4A BCEro
nyTu.

3. OueHnnu napameTpsbl
MOLENMN (KOHCTaHTb
CKOpPOCTEN)

4. Bepudumumnpoanu no
aKCnepmMeHTanbHbIM
OAaHHbIM



concentrations mM

Pe3yJII)TaTI)I MOACIUPOBAHUA

Manfred Rizzi et al,
301 glllCOSGeXt fdp glp Institute of Biochemical Engineering,
20} : University of Stuttgart, Germany
L J
10} - l__‘_————«‘
0.0 s . n
6.0 | pyruvate . KuHeTnka metabonnTos.
4.0 @ w @
20 } W . TOUKM — 3KCNEPUMEHTArbHbIE
0.0 . - OaHHbIE
1.2 } f6p . gap fg)./o""l\
0.8 __‘/"_\—\ NMHUK — peaynbTaThl
s -
04} g f'_'")/.\’— YMUCIMEHHOIo cYyeTa
0.0 - " =

40 0 10 20 30-10 0 10 20 30-10 0 10 20 30
time s

*OnrcaHa YKCIEPUMEHTAILHO HAOJI01aeMasi JMHAMUKa (B TOM YHCJIE U
KOJIe0aTeIbHBIN IPOIIECC).

[loka3zaHo, 4TO MOMIOIIECHNUE MITFOKO3bl B OCHOBHOM KOHTPOJIUPYETCS IBYMSI
cucremamu: TpaHcrnoptHoit (PTS) u ee uHrnouTOpamu.



KonuyecmeeHHbIe 3HaHUs1 o2paHU4YeHbl

1. CywecTByeT bonbLias pasHuua mexay
OVUCKPETHLIMW AaHHbIMW, NONy4YaeMbiMU B
9KCMEPUMEHTAaX N HEMNMPEPbIBHbIMU
domamonornyeckmmmn npoLeccamMmu.

2. [1aHHbIE 0 HEKOTOPbIX Ba)XHbIX KNETOYHbIX
npoueccax Noka OTCYTCTBYIOT.

3. lNpuHUMNnanbHOEe orpaHnyeHne gOCTYNHOU
NHopMaL N,

4. [1aHHble cobupatoTca Ana pasHbiX LUTAMMOB
Pa3HbIX OPraHM3MOB B pa3HbIX
9KCMepUMeEHTAarbHbIX YCIOBUSIX.



Ctexnometpuyeckue
MoAenw



[lpeagcTtaBneHne CKOPOCTU peaKkunn

B cooTBeTCTBUM C 3aKOHOM OEUCTBYIOLLMX MacC

(CKOpOCTb peakunmn rnponopunoHaribHa BeEpPOATHOCTU CTOJNIKHOBEHUA peareHToB, a
BEPOATHOCTb B CBOKO O4epeb rnporopumnoHasibHa KOHUEeHTpauun peareHToB C y4eTOM
MOJEKYJTAPHOCTU peaKLI,I/II/I)

kl

>2P

[insi peakuum S, +S,3

K

5 V - obLas CKOpOoCTb peakumu
V= klslsg — k_lp =V, —V_ V, - CKOPOCTb NPsIMON peakuunm
V_ - CKOPOCTb 0OpaTHOW peakumnu

B obwem Buae:

m; n mj COOTBETCBYIOT

V= — k+ I I Simi — ki I I ijj MONEKYNspHOCTU S; n P,
| J

CKOpOCTb peakunn MOXeT ObITb Bblpa>XeHa KakK 4epe3 KOHUEeHTPpaLuuun
pearmpyrwmnx seecTtB, Tak N B BUae banaHca ckopocTeun NPAMbIX U

obpaTHbIX peakuun.




CTexnomeTpuyeckasa maTtpumua

CrexmomeTpuryeckne koaPULMEHTbI Ny, COOTBETCTBYIOLLIME

MeTabonuTty S; 1 peakumu v; MoryT ObiTb 0ObeavHeEHb! B
CTEXMOMETPUYECKYIO MaTpuILLY:

Vi V, Vy
n, n, .. n, S1
N=| ... .. .. .. N = {n;},
i=1,...m;j=1,...r
nm1 nm2 r]mr Sm

KaXkObl CTONOEeL COOTBETCTBYET peakuun (r peakuunmn)
KaXkgasi CTpoka CoOOTBETCTBYET MeTabonuty (m metabonnTtoB)



CTexnomeTpuyeckasa maTtpumua

) Sl f Vs 2S2 Vs
AJNA peakunm V.

Ty,

S,
Vi | Vo | v vy
110 -1 s, Crtpoka 1: 1 monekyna S; pacxogyetcs (-1)
N={0|2 |-1 0 |S, Crpoka2:2monekynsl S, obpasytorcs (2)
01010 1) 5 Ctpoka 3: S, B 3TOl peakummn He yyactayeT (0)

Peakuun metabonnyeckon cetn mMoryT 6biTb 0OpaTUMBI.

YUToObI onpeaennTb 3HaK KOIMMDULIMEHTOB, HanpaBreHmne CTPenokK
NCKYCCTBEHHO BbIOMpaeTcsa Kak NONoXUTENbHOE «CrieBa HanpaBo» U
«CBEPXY BHU3Y.



[lOCTPOUTb CTEXMOMETPUYECKYIO MaTPULLY

Vi
S;+S5,1S; > S4*Ss

— S » S S, —— S, —
1 2 3 4
Vo 2
A =



[lOCTPOUTb CTEXMOMETPUYECKYIO MaTPULLY

\Y
S;+S,+S, «—— S,+S, N=|-1

1 -1 0 0 O
Vi Vo V3 Vy Vg 01 -1 0 O
O 0 1 -1 0
o 0 0 1 -1

v, oS 1 -1 -1

2
N 0 0 1
\Y




[lOCTPOUTb CTEXMOMETPUYECKYIO MaTPULLY

.5 225, S, 2
:
Ss
S, v, S;
Vi



[lOCTPOUTb CTEXMOMETPUYECKYIO MaTPULLY

\' \' \'
— 5, —2>2s, S, 42— 1 -1 0 -1
N=l0 2 -1 0
V4 0 0 0 1
S3

SZ V2 83
s N

1 — _

>"\3A 0 1 -1

S, S,

VvV \'
_1,§1_2,

v 1 -1 0 0
Vs N (o0 1
S, S, o0 1 -1
N 00 0 0

78

v

R O O O




[TocTpoeHne ypaBHEHUN DaraHca

Mpumep: — 5 25—

V.
S, ; S, 1 -1 0 -1
S=|S, v=| 2 N=0 2 -1 0
S ' 00 0 1
’ v
4
BEKTOpP BEKTOP cTexmomMmeTpmn4ecKad
MeTabonmMToB  ckopocTewn MaTpuua
ds,
V.
dcg 1 -1 0 - : 1.V1_1'V2+O'V3_1'V4
v
d_t2 =0 2 -1 0 || ?|=[0-v,+2-v,-1-v,+0-v,
v
ds, 0 0 0 1 v3 0-v,+0-v, +0-v, +1-v,
4

dt ypaBHeHUs1 banaHca



3anucartb ypaBHeHUs banaHca

S,+S,+S, +— S,+S,

— S —»SZ—>S3—>S4—>
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3anucartb ypaBHeHUs banaHca
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3anucartb ypaBHeHUs banaHca

—— 5, —— 25,

|

SZ_>

S3
S, S, ds,
y/ dt
_ Sl ﬁ
>\ dt
ds,
> S, dt

ds,
dt
ds,
dt
ds,
dt

1 -1 -1
0 -1 1
0 1 -1

ds,
dt
ds,
dt
ds,
dt
ds,
dt

<

1 -1 0 -1 V, =V, -V,
\"
=0 2 -1 0[] ?|=| 2v,—v,
V.
0 0 0 1 V3 v,
4
Vi Vi =V, =V,
AV, = V1Y,
Vy V, =V,
Vl
1 -1 0 0 O v, —V,
\"
0 0 -1 1 0| 2| |~v+v,
Jd 0V, | =
0 0 1 -10/]° V, -V,
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S =

V =

N

lOCTpOEHNE CTEXMOMETPUYECKON MOOENN

(Sl, 82 ey Sn)T BEKTOP KOHUEHTpauun metabonntos

(V1’ V,, e Vo )T BEKTOP CKOPOCTEN peaKLnii

CTEXUOMETPUYHECKaAa MmaTpuLa

—— =NV ypaBHeHus 6anaHca

— O CTaunMoHapHOE COCTOAHUNE

-0 cuctema anredbpanyecknx ypaBHeHUN



[unoTteTn4yeckas cxema MetTabdbosiImy4eckmx NnoToKOB

F

Iy
F‘I\
K2
Em T’ H
V,

Vv
8
C%
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2

Va
Va
B

K

MeTabonuTbl [Npouecchl
BHELLHMue: TPaHCMNOPT Yepe3 BHELLHIO MeMOpaHy:
A Fe Vi, Vg

TpaHCNOpPT Yepes3 BHYTPEHHUE MeEMBpPaHbI:
BHYTPEHHMeE: V3, Vg — Yepe3 MmeMbpaHy MUTOXOHOPUM

A, B, C, E, F— B untonnasme Vor Vo Vi1, V13 — YEPE3 MEMOpaHy

B.., D, E,,— B MuTOXOHOpUN XJloponnacta

C., E., F, — B xnoponnacre peakumn npeBpaLlleHnsa cybcTpaTta B NpoAayKT
V4, Vs, Vg, V7, Vo



[unoTeTn4yeckas cxema MetTabdbosimy4eckmx NoToKOB

ana metabonuta B:

%—u — (Obwas ckopocTb 0bpasoBaHuns metabonuTa B) =
dr : 3 = (ckopocTb 0bpasoBaHusa B) — (ckopocTb notpebneHua B)

MeTtabonuyeckuin NOTOK — HOPMUPOBAHHAsA CKOPOCTb pPeaKLnM.

PasmepHOCTb NOTOKa — Mornb/Bpemsi/en.6uomaccsl.



B matpuyHom Buae cuctemy gmapdepeHumnanbHbIX
YpaBHEHUN MOXHO 3anumcaTtb Kak :

dX
th="1‘V2 ,
dX, dXa
ar mal’ fagd s dgé
X, dt' [1 =1 0 00O0OOD 0O 0O O O O] [ v,
&=y, -, 4+, 4y 0 1 -1 0 0000O0OTUOTU O O O v,
d;’ ey | ¢ 0 0 ! -1 00100 0O O O O v,
S =2~ Vio m:t'rix e [0t 0 o o0000-100 0 0f [¥
d}; form dﬁ“ 00 0 0 000000 1-10 0 v,
dc, =un=vp T : P |
. : 0 0 O 000 0 0 0 1 -1 vy
: %' 0 0 0 0 0 1 -1 o) |v]
dX’—v -v O N
=V -~V Romis. = V
dt - dt <mel
dX .
d:‘ =V~ ¥y X n. 1cno monekyn i-ro meTabonura,
' BcTynarowiero B j-0 peakuuio
dx . _ _ CKOPOCTb j-1 peaKkuun,
— =Ny Nv =0 Vi , i
dt B KOTOPOW y4acTBYET i-n meTabonuT

PasmepHocTb N B 06LLEM BMOE MOXHO 3anucaTb m x I,
M — 3TO YMCNO METADONMNTOB, Y4aCTBYOLWNX B peakuusix,
I — YNCNO peaKkuni.



COOTHOLUEeHue Yyncna MmetadonmMTtoB m v Ynciia NoToKoB I

B ycrnoBusx ctaumoHapHOro COCTOSAHUSA: NV — O

M — KONMYeCTBO ypaBHEHNW
I — KONMYeCTBO NepeMeHHbIX

BO3MOXHbI TpU BapuaHTa:

1. m =r NOMHOCTbLIO oripegerneHHad cncremMa. PelueHne eQuHCTBEHHO.

2. M < HepoonpegeneHHaa cmcremMa.

O3HayvaerT, YTo HeQOCTaTOYHO ypaBHEHUIN BanaHca anga onpeaeneHnst BCex rnoTOKOB.
Cucrtema ypaBHEHNN MOXET UMETb DECKOHEYHOE YMCIIO PEeLLEHNM.

(Hanbonee yacTto BcTpeyaeMbin crniy4vyan)

Ucnonbayetcs METOA, IMHENHOIO NPOrpaMMuUpoOBaHUS.

3. m > nepeonpeaeneHHas cuctema.
B cny4ae, korga 4OCTYNMHO MHOXECTBO 3KCNEPUMEHTAlbHbIX U3MEPEHUN.
Pewaetca metogom ncesgo-nHeepcun Mypa-leHpoysa (Moore—Penrose)



[locTaHOBKA 3aga4vn NIMHEUHOIO
nporpaMMnpoBaHnUa Arg MeTadbonIM4eckon ceTu

(MeTog aHanu3sa cTaymMoHapHbIX NOToKoB, Flux Balance Analysis, FBA)

|. OnpenennTb NPOCTPAHCTBO PELLUEHUA:

* YpaBHeHUs banaHca Mmacchl Ansa Bcex MeTabonnTos.
Nv=0

* OrpaHnyeHns Ha NOTOKM - MaKCUMarsbHble N MUHUMAlbHbIE
3Ha4YeHUs NOTOKOB (€CNU N3BECTHO).

o <v.< [

Il. Onpeoenntb LeneByo YHKLMIO.

Z :Zcijvj
J



[Tonck onTMManbHOro peLleHuns

4+  OrpaHunyeHus: 4 OnTuMmnsaums A
S-v=0 LeneBon oyHKL NN
a=zvi=zp
) >
- -
HeorpaHquHHoe ,D,OﬂyCTVlMoe _______

NPOCTPaHCTBO
peLueHumn

NPOCTPaHCTBO
peLleHnmn

OnTumanbHoe
pelleHue

Reed JL, Vo TD, Schilling CH, Palsson BO. 2003. An expanded genome-scale
model of Escherichia coli K-12 (iIJR904 GSM/GPR). Genome Biol. 4:R54



3agada NMIMHEWNHOro nporpamMmmMmmupoBaHng

[Mpumep:

MakcuMmusnpoBaTtb| X1 + 2x2| «—— Llenesas dyHKUMSA

npun yCrioBUn.

X1—x —2<0 7 - 22

_ optimum
X1+x20—35<0

X2
I

x1=>0,x, >0

[
-
=
-
o

OrpaHnyeHus 0 . | . | |
(npocTpaHcTBO pelueHnit)  © 1 2 3 4 5 5



Bbibop LeneBon yHKLNK

LleneBaga pyHKUNA onpeaenseTcs:.
1. BuonornyeckumMmm NOTPEOHOCTAMU KNETKM,

2. BMOTEXHOMNOrM4Yeckon 3agaden.
Mpumepbl ueneBon PyHKLUMN:
1. MakcumusunpoBaTtb bMomaccy.

2. MI/IHI/IMI/I3I/IpOBaTb NOTOK MMTATEJIbHbIX BELWLECTB U3 Cpebl.

3. MakcumnanpoBaTb NPOAYKLUMIO OrnpeaeneHHoro
MeTabonura.

4. MakcumunsupoBatb npoaykuuno ATO.



PacuyeTt bmomaccsl

(a)

dsys (mmol g~ ! DW)

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

PacuyeT bmuomaccsl:

a, bernok + a, yrmesoabl + a; nunugbl + a, AHK + a;PHK + b AT® —
— ¢ bnomaccol+ b AP+ npoaykTol



AHann3 ctaumMoHapHbIX MOTOKOB

http:fwww.nature.com/nbt/web_extras/supp_info/nbt0201 125/info_frame.html
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xt

T Cell 0
Tl Membrane T) cxijfap}al
er e gtcmal __J__J-—'\

xt

1. BbinncbiBaeM Bce MeTabonuUTbl U 00beAMHAEM UX B CXEMY


http://www.nature.com/nbt/web_extras/supp_info/nbt0201_125/info_frame.html

AHanu3 ctaumoHapHbIX MOTOKOB

http:fwww.nature.com/nbt/web _extras/supp_info/nbt0201 125/info_frame.html

2. BbeinncbiBaem Bce metabonnyeckme noTokn


http://www.nature.com/nbt/web_extras/supp_info/nbt0201_125/info_frame.html

AHanun3 ctauMoHapHbIX MOTOKOB

http:fwww.nature.com/nbt/web extras/supp info/nbt0201 125/info frame.html

R
R OR ROR R R R OR R RV Ve A Da Fe Ha_ | R, -~
A |0 o o 0o 0o 0o 0o 0 0o 0 [0 0 |0 0 0 0 R, 0
B |1 -1 0 0o -1 0 0o -1 0 0 |0 -1 [0 0o 0 @0 R, 0
c |0 2z -1 0 0 0 0o 0 0o 0o |0 0 |0 o0 0 o0 R, 0
p (o o 1 -1 0 1 0o 0 0 0o |0 0o |0 0 0 @0 R, 0
E |0 o o o 1 -1 0 0 0o o0 [0 0 |0 0 0 0 R, 0
F |0 o o o o 1 -1 0 0 o0 [0 0 |0 0 0 0 R, 0
G |0 o o o o 0o o0 1 -1 0 [0 0 |0 0 0 0 R, = |0
H |0 o o o o 0o o 0 1 -1 |0 -2 [0 0 0 @0 R, 0
I o0 0 0 1 0 0 0 0 0 K1 0 |0 0 0 @0 v, 0
A l-1 o o o o o o o o o {o o |1 o 0 0 v, 0
.l 0 o 0o 1 o 0 0 0O 0 0 |0 0 |o 1 0 0 Ai 0
F..l0 0 0o 0o o 0o 1 0 0 0 [0 0 |0 0o 1 0 D 0
Hpa| 000 0 0 0 0 0 0 0 1 jo 0 |8 0 0 I || g | 0
| H:{t —

3. 3anucbiBaemM CTEXMOMETPUYECKYIO MaTpULLy U ypaBHeHNS 6GanaHca B
MaTpPM4YHOM BUAaE



http://www.nature.com/nbt/web_extras/supp_info/nbt0201_125/info_frame.html

AHann3 ctaumMoHapHbIX MOTOKOB

http:fwww.nature.com/nbt/web _extras/supp_info/nbt0201 125/info_frame.html
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Kak 3anucatb notok Ha buomaccy (Vg guin)?


http://www.nature.com/nbt/web_extras/supp_info/nbt0201_125/info_frame.html

.nature.com/nbt/web _extras/supp info/nbt0201 125/info frame.html

AHann3 cTaunMoHapHbIX MOTOKOB
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http://www.nature.com/nbt/web_extras/supp_info/nbt0201_125/info_frame.html

AHann3 ctaumoHapHbIX MOTOKOB

http:fwww.nature.com/nbt/web_extras/supp_info/nbt0201 125/info_frame.html

ypaBHeHuns 6anaHca OrpaHNYeHns Ha NoTOKM LeneBasi PyHKLUUSA

2 o

4. CtaBuM 3aga4vy JIMHENHOIO NPOrpaMmMmnpoBaHUS


http://www.nature.com/nbt/web_extras/supp_info/nbt0201_125/info_frame.html

AHarnns3 metabonmnyeckmnx NOTOKOB

!

OkcnepuMeHTanbHble MeToAbl MOAMMUKALMK LUTaMMa

* HOKayTnpoBaHME reHoB

* MyTauund reHos € YHaCTN4YHbIM N3MEHEHNEM
KaTaJIMTUHECKUX U PEryraTOpPHbIX CBOUCTB

e amMnnudnkauuna reHoB

e BCTaBKa reHoB 13 gpyrnx (MMKpo)opraHM3mMoB



[TpumeHeHne aHann3a MeTabonnyecknx NyTen
MeTtabonusm E.coli

PacnpeneneHne metabonnyeckmx noTokos
ans nosiHoro Habopa reHos. :
Llenesas oyHKUMA — MaKCUMyM B1uoMacchl ¢
Npu POCTe Ha ITHKOo3e.

CnocobHocTb E.coli agantnpoBaTbhCs K
yTpate PyHKLMOHANbHOCTU reHa MOXET
ObITb NpOaHanNM3npoBaHa NyTem yganeHus
reHa U3 oCHoOBHOro Habopa c

PacnpeneneHne metabonnyecknx noTokos,

Korga «BbIKITKOYEH» reH SUCA.
(reH sucA KkogupyeTt HeobXxoaMMbIN KOMNOHEHT peakunn B L TK)

[ToTOK NnepeHanpaBnsieTcs Yepes
[MUOKCUNMATHbIN LLYHT.
Peakumsa Succ—SucCoA obpallaeTcs.




[TpMeHeHne aHann3a MeTabonnyecknx NyTen
MeTtabonnam cuHeseneHbiX BOOOPOCemn

300 . . ”
Regime (@) i Regime kb) 1§ Regime I
+~ 28
£ 250 E 5 §
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] 1 2
8 200 - : : -
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% 100 E ’ e i
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: - :
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Absorbed light flux uE/m?/s

- Oxidative pentose phospate flux &= Rubisco flux
—o— Net CO2 released by cell —o— 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




BBegeHne «gnHaMukm» B CTaLMOHAPHYO MOAESb

1. BpemeHHOM 0Tpe3ok pasbuBaeTcsa Ha MHTepBarnsl.

ty t, t, t, t,

2. Ha BbibpaHHOM BpeMeHHOM NHTepBare
t, =t =1, onpegenderca Hann4yne nnu
OTCyTCTBUE pepMeHTa AN4a KaXKaoun
peakuunm.

Ecnu dpepmeHT E; «He npuUcyTCTBYETY,
TOrga COOTBETCTBYIOLL M
MeTabonnyecknin NOTOK paBeH HyNIo:
V,=0,npnt, stst,.

Ecnn goepMeHT E; «npuCcyTCTBYET» Ha
BbIOpaHHOM MHTEpPBArie BPEMEHU, Toraa
COOTBETCTBYOLWMN MeTabonmMyecknim noTok
paccynTbiBaeTCs Kak pesynbsraT
onTUMn3auunn.

te tg BpeMﬂ'(en.)

E, V
S () e S > 1
redl cdepmenT1 |peakumal
V,=0
reHZ* %GPMGHTZ peakumns2

3
—_y || - >
reH3 I O(bepmel-n'3 lpeaxuva
@



PasHble MHTepBanbl BPEMEHU XapaKkTepU3yoTCsl pa3HoWn
aKTUBHOCTbIO reHOB

SKCI'IepVIMeHTaﬂbeIe AdaHHblE

Time
Gene 0:00 8:00 827
aceA
ace8
B B cooTBETCTBUM C aKTUBHOCTbIO
adhE reHa Ha BbIbpaHHOM BPEMEHHOM
oy NHTepBarie onpeaenseTcd Hannine
ppsA nnn oTcyTcTBme doepmMmeHTa ans
DisG KaXXaoun peakuumn
ptsH
pis!
D

TemHo-cepbIl, aKkTUBHOCTb = 1
Ceemrio-cepbil, akTUBHOCTL = 0



“BbIKINIOYEHME” reHOB = “BbIKNIOYEHME” peakuuii = pasHoe pacnpeaeneHmne noTokos
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Pacnpegenenna metabonnyeckmnx NOTOKOB B npoLiecce
ONayKCU4YeCcKoro pocTa

A Time=1hr B Time=5hr
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YyeT perynsauum Ha ypoBHE TpaHCKpUNuumn B
CTEXMOMETPUYECKNX MOOENNAX

MaTtemaTtnyeckmn annapar:

NMHENHOoEe nporpaMmmMmupoBaHune + dynesa anrebpa



byneBa anrebpa

a)C=A/B
A B A B
-
_ AW A
THh1=1 1#0=0 PaccmaTpvBaroTCs BEMUYMHBI,
NPYHMMALOLLME TONbKO ABa 3HauYeHus! - 0
O)C=AUIB mnu 1.

ﬁ 3HaveHne 6yneBoun BEMNYNHBI MOXHO
&— NPeacTaBnaATb KaK IOXHOCTb UMK
I -

UCTUHHOCTb Kakoro-nnbo yTBepxaeHus
1Uim1=1 0O U0 = (0 - noXxb, 1 - UCTMHA).

B)B = HE A

v




PerynatopHasa eguHuua

TpaHckpunuma reHa G (trans) npuBoauT K CMHTE3Yy bepmeHTa E.

depMeHT E kaTanumaunpyeTt peakumio rxn B KOTOpon cyocTpaT A npeBpallaeTcsd B
npoaykT B.

[MpoaykT B 3aTeM penpeccupyeT TpaHCcKpunuuio reHa G, 4To BedeT K NogaBrieHno
CuHTe3a E.



PerynatopHasa eguHuua

CoObITne trans (TpaHcKpunuus) dyaet UMeTb MecTo:

1. ecnn reH G npucyTCTBYET B reHOME,
2. NpoaykT B ewe He HapaboTaH.

CooTBeTcTBYlOLLEE Nornyeckoe ypaBHeHue: trans = IF (G) AND NOT (B)



PerynatopHasa eguHuua

Peakuuns rxn 6ygeTt npotekaTb, eCriv 04HOBPEMEHHO MPUCYTCTBYIOT cybcTpaTt A n
doepmeHT E.

COOTBETCTBYIOLLEE NOMMYECKOE YPaBHEHUE:

rxn =IF (A) AND (E)
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MeToq anemMeHTapHbIX MoA
PaccmaTtpuBaeT cTauymMoOHapHbIe COCTOAHUA.
He TpebyeT onTnummnsaumu.
YunteiBaeT 06patuMoCcTb peakLni.
PaccmaTtpuBaeT BCe BO3MOXHbIE HanpasneHHbIe MyTU OT O4HOro
BHELLUHEero metabonuTa K gpyromy (nNpv 3ToM BHYTPEHHUE METAbONNTDI

HaKanjimBaTtbCd HE OOJ1XKH bl).

QreMeHTapHasi Moga — HarnpasrieHHbIW NyTb, BKOYaoLWnimn Habop
peakumn OT OAHOro BHELUHEro MeTabonuTa K apyromy.

So<_> Sl<_>82<_> S3 804_> Sl g SZ: g S3

| |



MeToa anemMeHTapHbIX MoA

BHelwHMe meTabonutbl: Sy, S;, S,
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MeToa anemMeHTapHbIX MoA

SO<—> Sl <—>Sz<—> 83 SO<_> Sl > SZ: > 83
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Uncno anemMmeHTapHbIX MO paBHO YMNCIY COOCTBEHHLIX BEKTOPOB
CTEXMOMETPUYECKON MaTpULbI.

JTrobon nyTe MOXET ObITb NPeACTaBNeH Kak NIMHenHas KOMOUHaLKS
arieMeHTapHbIX MO[.

QremMeHTapHas Moga XxapakTepusyeTca CBOMM YHUKalIbHbIM HAbopoMm
doepmMeHTOB



[lpuMmeHeHne MeToga anemMeHTapHbIX Mo

A. Glycolysis B. Oxidative C. Non-oxidative D. Autotrophy
bypass bypass
'gi‘ose co Hlexo.se Hlexose . Hlexose
2 2 . ;
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| | | |
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
MNADPH balance +2 +2 -7 -52
Mumber of modes 1 ] 7 3

of this type

Fig. 8.7 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 (C18:0).



“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

«[lpocTenuaga KneTka HaACTOMNbKO CIOXHa, YTO AaXe
MoOenMpoBaHMe Ha cyrnepkomMnbioTepax HUKorga He
BOCMNPOU3BEeOET ee NoBedeHNE B COBEPLLUEHCTBE.

Ho gake HecoBepLUeHHbIe MOAENN MOTYT NOTPACTU
OCHOBbI OUOMOrnn. »



