





Functional classification of ORFs

Total number of ORFs= 4,388 orfs / 4,641,433 bp
‘ "Hm;llllll | / 1“”

1 Uncharacterized 2088 49 (%)
2 Transport/Binding proteins 410 10
3 Energy metabolism 388 9
4 Ceéll envelope 212 5
5 Outer membrane 157 4
6 Trandation 145 3
7 Central intermediary metabolism 138 3
8 Biosynthesisof cofactors, prosthetic 127 3
group, carriers
9 Regulatory functions 119 3
10 Ceéellular processes 112 3
11 Amino acid biosynthesis 107 3
12 Purines, pyrimidines, nucleosides 107 3
and nucleotides
13 Replication 93 2
14 Fatty acid/Phospholipid metabolism 45 1

L. | 15 Transcription 38 1
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Escherichia coli

Clones ‘ Molecular mechanism

Gene disruption ‘ Gene Function

DNA microarray Gene networ k
Protein array etc. Protein-protein interaction

Bioinfor matics ‘ Analysis, Prediction

Complete under standings of a cell
Cell smulation
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E. coli energy metabolic pathway
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Design of single gene deletion mutants

HM FRT o FRT
Kanamycin resistance gene

H2
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H1 H2
geneA [ = i1 =N (170 1= ) I— geneC
M et SD jof dgwnstream gene

Iyl »

FRT Kanamycin resistance gene FRT

== Em——————

Deletion by homologous
recombination at FRT sites

Sy,

21 bp ﬁ-

FRT >

34 a.a. (102 bp)
MIPGIRRPAVRSSTSLGSIGTSKQL QPT+X(6aa)X



Progress of “KO (Knock Out) Collection”

Number of candidates obtained

Chromosomal structur e checking by PCR

E. coli
gene K-12 Tested
Known-gene 2366 1512 179
y-gene 2024 1678 166
Total 4390 | 3190 345
Evaluation Quasi-non-

essential




Schedule of “K O Collection”

genes
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March March September
2002 2003 2003
“KO Coallection” will be open to IECA membersviathe database, “ GenoBase’

(http://ecoli.aist-nara.ac.|p/).
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Two-component system In Escherichia coll

TWO-DOMPOHENT STSTEM ’
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Deletion of two-component systems
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Protein localzation

GFP fluor escence from the clone
Coallaboration with Dr. Hironori Niki, National | nstitute of Genetics, Mishima
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gﬁ( Nucleotide metabolism; INOSINE-GUANOSINE KINASE (EC 2.7.1.73)
-



hUpB DNA-binding protein HU-b






I €CR Recombination protein RecR










pr pR Propionate catabolism operon regulatory protein



al IA utilization of allntonin; ureidoglycolate hydolase






| dentification of interacting proteins

¥ Ni-NTA column

\ 1 (—purlfled proteinswith Histag proten
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Excised the copurified protein
bands from SDS-Gel

| dentification by M ass spectrometry



| dentification of interacting proteins by M ass Spectrometry
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Protein identification by M ass spectrometry
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| dentification of interacting proteins by M ass Spectrometry
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Complexes Detected iIn TCA Cycle

sdhC" 'sdhD’'sdhA 'sdhB

From theliteratures
SdhA SucA
Z ~
SdhB SucD @

Our expreiments l

SdhA
SdhA or %y +
% SdhB SucD

« SucA, B,C & D form alarge complexes.
 Proteinsbelongto the same operon are potentially proneto form complexes
(especially Enzyme complexes).



Pyruvate dehydrogenase

pdhR | aceE Ipd

U PdhR interactsthe Acek, AceF § pd and repress
thetranscription.

Proteins belong to same operon are form complexes
(especially Enzymes).



Protein number with interaction observed 1,844

Total number of interaction 13,376

Aver age number of interaction 7.3

Protein with no interaction observed 1,384
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AR _TCA
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» o / Fumarate K \ - \ /
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Aldosel-epimerase(galM)

D-Glucono-lactono-s-6-phosphate B-D-glucose a-D-glucose .
spontaneous
Mable Glucose-6-phosphate 1- @ . GI yCOI yS S
dehydr ogenasa{zwf) Glucokinase(glk)
NADR ADP Phosphoglucomutase(pgm)
a-D-glucose-6-phosphate <4 B-D-glucose-6-phosphate <4 B-D-glucose-1-phosphate
Glucose-6-phosphate Vg {(y“ &
isomer ase(pgi) N & @&& N3 CR
A\ A
Glucose-6-phosphate Glucose-6-phosphate isomer [ ) LR QQ S QQ’Q)Q$®
isomer ase(pgi)
B-D-fructose-6-phosphate
- -
ATP Pi -
6-Phosphofructokinasel (pfkA) I: Fr uctose1,6-phosphatg§§fbp;<
6-Phosphofructokinasel | (pfkB) Fructosel,6-phosphatase(glpX)
ADP [~ —
B-D-fructose-1,6-bisphosphate - 28
Glycerone phosphate Fructose-bisphosphate aldolase classl | (fbaA) b
Triosephosphateisomerase(tpiA)‘ Fructose-bisphosphate aldolase classl (fbaB) ' H
B-D-glycer aldehyde-3-phosphate ‘“'-
NAD+ f b
G(Ij)é(%erdal dehyde 3:A p(h osppr\m )ate =
rogenase x — M-
NADH ydrog gap #
3-phospho-D-glyceroyl phosphate 1 :
Putative acylphosphatase (yccX) ADP i
Phosphoglycer ate kinase(pgk)
= ATH
3-phospho-D-glycer ate
Phosphoglycerate mutase 1(gpmA)
Probable Phosphoglycer ate mutase 2(gpmB) phosphoenolpyruvate
2,3-bisphosphoglycer ate-independent
phosphoglycer até mutase (yibO) ADP AM
; Phosphoenolpyruvate
5-phospho-D-glycer ate Pyruvatekinase 11 (pykA) gljmhase(ggsA)

¢ Enolase(eno)

Pyruvate kinase | (pykF) @ E

pyruvate




Kinetic Parameters of Glycolytic Enzymes

Glucose
I nhibition _ Km for MgATP 0.356+ 0.073 mM
llllllll: llllllllllllll Glucoklnas Gluco% 0.093 i 0-006 mM
Ki=0.1mM (EC 2.7.1. Vmax 56.4+ 2.4 mol/min per mg

Glucose 6-phosphate
Km for Fru-6-P 0.078 + 0.009 mM

Phosphoglucoisomeri vmax 132.9+ 12.5p mol/min per

(EC 5.3.1.9) mg
: Vmax 251 T 243 mol/min per
frrnsnenn— Phosphofructokinase mg
: (EC 2.7.1.11)

Fructose 1882 (Class| Km for Fru-L6-P, 0055% 0.003mM

,, ....................... »I (EC 4.1.2.13) Vmax 7.023 = 0.248 p mol/min per

mao

¢ Triose phosphate isomerase
Glyceraldehyde 3-phospha#e¥  Dihydroxyacetone phosphate

v

S— Phosphoenolpyruvate

Collaboration with Y oshino, Aichi Medical College, Aichi
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Deletion of metabolic enzymes

Xylulose-5P Frucose-6P Glycolysis

tktB | pfkB

Erythrose-4P Fructose-1,6 diP

|

Glyceraldehyde-3P

& I gapC 150

Glycerate 1,3 diP

|

Glycerate-3P

|

Glycerate-2P

: %

PEP

l pykF 0

Pyruvate

| pfiB

Acetyl-CoA

200

100

PykF

Il decreased

pflB

Il increased

pfkB

gapC
” tktB




Deletion of nucleoid proteins
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oD lzwf
02 5 111
tkt

<G : ” ihydr oxyacetone-P Glycerol-3P 0.27
Glucose™» 130 25 ous —>|pfb 0.08 " Toma # . 6P-gluconate
p gntZ, yqil
Glucose-6P  Fructose-6P Fructose-1,6P Glyceraldehyde-3 " P t
O¢ 49 Glycerate-1,3P > P 3.03
Glucose- Glycolysis ook Ribulose-5P
1P - - 2.10 ywiF
Glycerate-
213 citG pyp 024
Fumar ate 080 ykrw 1.17 Y-
M alate Clycerate-2P \ Erythrose-4P Ribose-5P
sdhABC Phospho-
yjmcl e& glycolate
2.26 hprP Sedoheptulose-7P
13.83 Oxaloacetate yyiA\  Phosphoenolpyruvat
Sucainate Y 8 RentpseRlsBhiaie:
- 3 PYKA Glycolate C&’ydfe
4 Lﬁ% -
Citrate Pyruvate 46.51
Succinyl CoA \ [t
. dhABCD
odhAB l citB \ P
0.23
184 «— <+«— 81
citB Acetyl-CoA

citC
2-Oxoglutarate | so-citrate cis-Aconitate

(Intracellular concentration in mM)
Kindly provided by T. Nishioka, Keio Univ & Kyoto Univ.
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TCA cycle
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Pyrimidine biosynthesis




Toward modeling & ssmulation

— — Proten ' Metabolic
DNA RNA (Enzyme) Pathway
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Quantification of mMRNA level energy metabolism related genes
Towardsthe modeling of transcription

[Fluorescence|

15

10

20

20

40

gene CT gene CT gene CT
aceA 227 | frdD 30.7 rpiA 22.3
aceE 20.0 | fumA 25.9 rpiB 31.3
aceF 199 | fumB 29.7 | sdhA 27.1
aceK None [ fumC 25.6 | sdhB 23.8
acnA 25.6 [ gapA 19.2 | sdhC 21.2
acnB 33.8 glcB 26.3 | sdhD 24.1
bfkA 26.7 alk 23.6 | SucA 21.6
bfkB 25.5 gltA 24.7 sucB 24.6
bgi 235 gnd 21.3 | sucC 22.2
bykA 254 gpmA 206 sucD 23.1
eno 23.2 icdA 20.2 talB 235
epd 214 | mdh 254 |  tktA 23.1
fba 19.7 | pdhR 26.8 | tkiB 27.2
frdA 25.1 pgk 19.6 tpiA 20.9
frdB 244 | ppsA 25.8 2wf 27.4
frdC 25.1 rpe 24.0
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