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1

K12

4,300

2,3

4

K12 4,300

3



30 42

5 RNA polymerase

clpB

6 clpA

ClpA ATP ATPase

7,8 ClpB

Clp HSP100

9

10

4



lspA lspA tRNA

ileS 11

12

3000

13

476

K12 W3110

14, ,15 16

5



1989 DNA

111.4kb

0-2.4 DNA

17 4.1

18

DNA

fix Azorhizobium

caulinodans

BIME

Genbank

6



2

1992 2 400kb

DNA

TIGR

19

3

long-PCR

8

250

70 20, , ,21 22 23

70

1997

K12 W3110 Open

reading frame (ORF Genbank Coding sequence

CDS ORF )

4,276 ORF

pCA24N

7



His Green fluorescent protein(GFP)

DNA

GFP

His

SfiI

ORF

”ASKA library (A Complete Set of E. coli K-12 ORF 

Archives)”

8



1.

K-12 AG1 [recA1 endA1 gyrA96 thi-1 hsdR17(rK-mK+) 

supE44 relA1](Stratagene, Inc.) 

L-broth medium (1% Bacto Tryptone (BDDiagnostic 

Systems), 0.5% yeast extract (BD Diagnostic Systems), 0.5% NaCl)

50 g/ml ampicillin(Amp) (Meiji Seika Kaisha, Ltd.), 30 g/ml 

kanamycin(Km) (Wako Pure Chemical Industries, Ltd.) 

chloramphenicol(Cm) (Nacalai Tesque, Inc.) 

Isopropyl-beta-D-thiogalactoside (IPTG) 

0.1mM 30

g/ml Cm 2xYT (1.6% Bacto Tryptone (BD Diagnostic 

Systems), 1% yeast extract (BD Diagnostic Systems), 0.5% NaCl)

2. DNA

ORF pCA24N (FFig.1)

StuI Km

pCA24N-Km StuI TAKARA BIO INC. Km

TAKARA 

BIO INC. 50 2 Km

StuI

DNA

Km PCR 5'

9



ORF

ligation

Cm

1,000 1

Km

DNA

10



Fig.1  pCA24N

ORF pCA24N

(PlasMapper Ver.2.0 http://wishart.biology.ualberta.ca/PlasMapper/

) ”P_T5-lac” IPTG ”His tag” Histidine

6 ”GFPuv4” GFP

”CAT” chroramphenicol

chroramphenicol acetyltranferase ”lambda t0”

” origin” ”lacI reg”

lacI

StuI NotI

GenBank Acc.No.

AB052891

3. PCR primers 

PCR ORF DNA ORF

N C 2 PCR primer 5'

23 PCR

30 35

http://ecoli.naist.jp/gb6/Resource_download.html )

11 



StuI

SfiI 3 -

StuI

PCR

ORF

ORF SfiI BglI

ORF SfiI

BglI SfiI

BglI

12



modify

ORF

SfiI

ORF

PCR

13



SfiI ORF

N ORF 3rd

3rd Met Trp

4th

C ORF

SfiI

ORF 3rd letter G

ORF 3rd letter

ORF SfiI

ORF

PCR

ORF SfiI

SfiI

14



Met( ) Trp( )

ORF

2,000 ORF ORF

4. PCR

PCR primer T4 kinase TAKARA BIO INC. 5'

PCR

MgCl2 PCR

MgCl2 PCR

PCR 96

KOD DNA polymerase (TOYOBO CO., LTD.)

50µl

1unit of KOD DNA polymerase 

20-30 ng of Kohara phage clone DNA or E. coli W3100 genomic DNA 

1.0 uM of each primer 

200 uM dNTPs 

PCR 25 cycles of at 95 for 15 s, 64  for 15 s, 72  for 4 min 

followed by a final incubation at 72  for 5 min. 

90 4217 KOD DNA polymerase

15



2kb

90% KOD DNA polymerase

DynaZyme (Finzymes Oy)

 LA-Taq DNA polymerase (TAKARA BIO, 

INC.)

Dynazyme LA-Taq DNA polymerase

PCR

MagExtractor kit(TOYOBO CO., LTD.) KOD

DNA polymerase

 PRIZM877 

(Applied BioSystems Inc. )

5. PCR

PCR  0.7 1.5%

DNA MagExtractor kit

DNA UV DNA

DNA EtBr

UV SyberGOLD (Molecular Probes, Inc.)

480 nm 

DNA

UV

16



6. pCA24N ORF

ligation 96

1µl of DNA fragments 

1µl(0.1µg) of vector pCA24N DNA 

1µl of A solution of ligation kit (TAKARA BIO, INC.). 

1 30µl 24

AG1

30 42 45  0.27ml SOC

 (2% Bacto Tryptone, 0.5% yeast extract, 10 mM NaCl, 2.5 mM KCl, 10 

mM MgCl2, 10 mM MgSO4, 20 mM glucose) 

1.5ml 1 30 Cm LB

2mm

30 8

1.2ml LB 96

DeepWell 37 DNA

Millipore Co. Ltd.

7. BglI,BamHI,SfiI

DNA 2µl BglI,BamHI,SfiI TAKARA BIO INC. 3

17



1

8. GFP

GFP

480nm

9.

PCR DNA

 Big-dye terminator kit version 1 (Applied BioSystems 

Inc.) 3700 (Applied BioSystems Inc. )

10.

Cm LB 30 (OD600)

0.3 0.1mM IPTG 2

18



(10000 rpm x 3 min at 4 ) 400µl

buffer-I(50 mM Sodium phosphate [pH7.0], 200 mM NaCl, 

Proteinase inhibitor [Hoffmann-La Roche Ltd])  (5 x 5 

, level 3, Astrason µltrasonic processor) 

(16000 rpm x 15 min) 30 µl  Nickel (Ni2+)-column

(QIAGEN, Inc TALON Clontech Inc.

1 ml buffer-II 

(Buffer-I contains 20mM imidazole, 0.05% n-octyl-glucoside [Pierce 

Biotechnology, Inc]) 3 buffer-III (50mM Tris-HCL [pH 6.8], 2% 

SDS, 0.1% bromophenol blue, 10% glycerol, 100mM DTT, 6M Urea, 250mM 

imidazole) 7.5% 15 % SDS-PAGE

SDS-PAGE (BIOCRAFT Co.,Ltd.) Coomasie

Brilliant Blue(Wako Pure Chemical Industries, Ltd.)

11. GFP

GFP

Axioscope Carl Zeiss

12. IPTG

NotI GFP

LB 37 O.D.(600nm) 0.5

IPTG 0.1mM 2 O.D.

19



1. pCA24N

ORF

Fig.2 pCA24N

pCA24N

 1) Cm pUC

 2) IPTG PT5-lac

 3) lacIq lac

 4) N His

 5) C GFP

 6) ORF SfiI

 7) NotI GFP

GFP His

GFP

37

GFPuv4 25

ORF

20



ORF

SfiI

Amp Amp

Cm

T5 lac

PT5-lac lacI

IPTG lambda t0

21



Fig.2  

pQB2 BamHI-SacI 4,1kb pHSG299

PCR Kanamaycin pQA2-Km

PCR

22



5 -CGGCCCTGAGGCCTTCAACTCAGCAAAAGTTCG-3

5 -GGCCATATAGGCCTGAATGGCGAATGCGATTTATTC-3

pGEX-2TK AatII-EamI lacIq

DNA pNK2884 BamHI DNA

Chroramphenicol DNA pCX2TK1

SmaI-FspI pQA2-Km AatII NheI

pCA21 pCA21 GFP

GFP GFPuv4 pCA21 StuI-SmaI

pGFPgcn4 PCR GFP pCA24N

GFPuv4 DNA

5 -CCTATGCGGCCGCAGTAAAGGAGAAGAACTTTTC-3

5 -TTAGCGGCCGCTTATTTGTATAGTTCATCCATGCC-3 NotI

ORF GFP

pCA24N pGEX-2TK His

pQE31(pQB2

pCA24N StuI

ORF IPTG

PT5-lac His

ORF GFP

Fig.3 ORF

His ORF 7

ORF GFP 5

23



Fig.3  ORF

ORF PCR

ORF

N 6 Histidine 7 C 5

GFP

MetArgGlySer-6xHis-ThrAspProAlaLeuArgAlaXXX...XXXGlyLeuCysGlyArg...GFP 

XXX...XXX ORF 2

Fig.4 StuI PCR

SfiI

SfiI

24



Fig.4  SfiI

N 3 (GCC) C 2 (GG) ORF pCA24N

StuI ORF

ORF SfiI

SfiI

pCA24N His GFP

GFP StuI

8mer BamHI " " ORF

His GFP pCA24N+B

" -(ORF)- " PCR

" " His GFP 13

IPTG His

GFP

His GFP

GFP

His GFP GFP

IPTG

25



) His GFP

2. ORF PCR

IS K12 ORF4276

4,267

4270 PCR 6 eaeH (7,104bp),

yheB (2,694bp), yhiH (2,685bp), yagF (1,968bp), ydbD (2,313bp) , btuB

(1845bp) ORF ORF

N 330

C 3

ORF

DNA

3. pCA24N

PCR ORF

pCA24N StuI

DNA AG1

30

500 1,000

10

1

26



1

IPTG

His GFP

IPTG LB

IPTG GFP

8

GFP Fig.5

IPTG LB

27



480nm

1,935 ORF

1,003  975 

IPTG GFP

GFP ORF IPTG

GFP

GFP ORF

GFP

GFP ORF

ORF 4

PCR

DNA

PCR

3 yhcQ(aaeA), yibP(envC), aidB 16

PT5-lac

4,276 ORF PCR 4270

28



ORF 2 2 pheM, thrL

3

6

eaeH homolog, yheB, yhiH N  330

ORF ”ASKA

library (A Complete Set of E. coli K-12 ORF Archives)” 

yagF, btuB, ydbD

Fig.5  GFP IPTG

0.1mM IPTG LB

37 480nm

IPTG

29



4. GFP

DNA ”ASKA library” ORF4,267

IPTG

3

IPTG

51 GFP

28

GFP

Fig.6 IPTG

ORF

30



IPTG

RNA

Keio K12

26

Fig.6  GFP

IPTG

”--”

”-” ”++”

GFP ”++”

”-”

5.
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DNA

PhoA

DNA

K12

27,28,29,30,31

DNA

SfiI

SfiI ORF

3'- TCA

ATG

SfiI ORF

ORF SfiI

32



ORF

dcm

SfiI

Two-hybrid system

N C GFP His

Native

Fig.7

Archives (pCA24N)

Non-fusion (Ex. pNTR30-SD)

N-terminal fusion (Ex. Two-Hybrid vectors)

Fig.7  

SfiI

“Non-fusion” 2

33



Two-hybrid

SfiI

 N

 C

ATG TGA

N

C

N C

SfiI DNA

2 N Arg-Ala, C Gly-Leu

ORF

32 ”ASKA library” ORF

34



Yakunin

Hypothetical YfbR p-nitrophenyl phosphate

Co2+ 5’-deoxyribonucleotidase

dNTP

33

HD

phosphohydrolase

ASKA library

Two-hybrid

34 (PhoA)

35

NotI GFP

pCA24N GFP NotI

NotI GFP

C-

Fig.8 GFP

35



C ORF

(GlyLeuCysGlyArg) GFP

Fig.8  NotI GFP

GFP NotI NotI

GFP

ASKA library His IPTG

N

His-tag

GFP NTA TALON

GFP

NTA GFP

36



ORF

Fig.9 NotI

GFP

Ni-(or Co-)NTA

C

Fig.9  Ni-NTA IPTG

GFP ASKA Histidine

37



Ni-NTA 3ml

0.1mM IPTG 2 SDS-PAGE

Coomasie Brilliant Blue

(CodB SucC SucD)

Ariffzzaman W3110

36 His

Ni-NTA

Matrix–Assisted Laser Desorption Ionization Time Of 

Flight Mass Spectrometry : MALDI-TOF MS

W3110

ORF 4,339

2,667 2,337

1,568

928

(FFig.10)

38



(A)

(B)

Fig.10  42

Ariffzzaman et al. )

(A) bait

bait

bait

(mem) bait

(PPIs)

(B) 16,050
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( ) Ni2+-NTA

( )

bait His prey

4,539 11,511

11,511

DIP database37

447 Protein-Protein Interactions :PPIs 372

TAP- SPA- 38

ASKA library

521

5,030 ASKA library 3,088

218 4% 7%

40



39

ASKA library

KEGG 40

RNA polymerase

Fig.11 RpoA, RpoB, 

RpoC

NusA, 

NusG, Rho 41 42 RhlE

RNA helicase VacB 3’- 5’- exonuclease

RNA

43,44 Cold-shock protein CspA45 RpoB

RpoC CspA

41



Fig.11  RNA 42

Ariffzzaman et al. )

( ) RNA polymerase subunits

( )RpoA RpoB RpoC

RNA polymerase

DNA

RNA polymerase DnaK, ClpB, Tig(Trigger factor)

RNA 

polymerase

42



Fig.12

DnaK, GroL(GroEL), Tig

ClpB

43 11 DnaK 13 GroL

ClpB DnaK

GroL YbdQ

83

DnaK, DnaJ, GroL YbdQ

Universal stress protein  UspA46

Fig.12 42

Ariffzzaman et al. )

43



GroL DnaK

ORF 798

ASKA library

GFP

GFP

44



GFP

ORF

1nM IPTG

IPTG GFP

Fig.13 A FtsA

47

 GFP only FtsA-GFP fusion 

(A)

45



(B)

FFttssZZ CCooddBB

Fig.13  GFP GFP

(A) ORF FtsA-GFP

1nM IPTG 10

100 GFP

CCD

(B) FtsZ-GFP CodB-GFP IPTG

GenoBase

http://ecoli.naist.jp/GFP/gfp_top.jsp

Fig.13 (B)

(whole cell)

ring

focus

membrane

nucleooid

membrane_focus,nucleoid_focus

46



SOSUI

”membrane”

83.5% Integral membrane protein ”whole

cell” 85%

47.5%

”focus” ”nucleoid” ”nucleoid_focus”

6.

GFP

GFP C

GFP

GFP

IPTG

Fig.14 NotI GFP

47



LB O.D.(600nm) 0.5

IPTG 0.1mM 2 O.D.

IPTG O.D. O.D.

O.D.

O.D. 0.3

ORF

0.3 0.4

O.D. 0.3

"Non" 0 -0.3 "Moderate"

0 "Severe"

GFP

GFP

Fig.15

GFP

48



Fig.14  GFP IPTG

-0.800

-0.700

-0.600

-0.500

-0.400

-0.300

-0.200

-0.100

0.000

0.100

0.200

0.300

0.400

0.500

0.600

0.700

0 500 1000 1500 2000 2500 3000 3500 4000 4500

Severe

Moderate

Non

Control

GFP

NotI GFP LB O.D.(600nm)

O.D. 0.5 IPTG 2

O.D. O.D. GFP
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Fig.15 GFP GFP

O.D. 0.3 "Non"

0.03 -0.3 "Moderate" 0.03

"Severe" GFP

Fig.6 Growth

GFP

( SOSUI )

Fig.16

GFP

75% 80%
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Fig.16

GFP IPTG

( SOSUI )

                                                                                

(Flagility)

(Robustness)
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relE Qin prophage; toxin of the RelE-RelB toxin-antitoxin system

dicB Qin prophage; cell division inhibition protein 

ydfD Qin prophage; predicted protein 

yfjP CP4-57 prophage; predicted GTP-binding protein 

yicF Definition putative DNA ligase 

fabA beta-hydroxydecanoyl thioester dehydrase 

argB acetylglutamate kinase 

nadB L-aspartate oxidase 

4 relE

relB Keio

RelE

4

3

fabA, argB, nadB KEGG

Table1

52



High Robustness Pathway

citG, ybdT ; 2'-(5"-triphosphoribosyl)-3-dephospho-
CoA synthase [EC:2.7.8.25] [SP:CITG_ECOLI]

eco02020 Two-component system - General

eco02010 ABC transporters - General

eco02011
ABC transporters - Organism-
specific

glgA; glycogen synthase [EC:2.4.1.21]
[SP:GLGA_ECOLI]

eco00500 Starch and sucrose metabolism

eco00290
Valine, leucine and isoleucine
biosynthesis

eco00650 Butanoate metabolism

eco00660
C5-Branched dibasic acid
metabolism

eco00770 Pantothenate and CoA biosynthesis

xdhB, ygeT ; putative xanthine dehydrogenase
subunit, FAD-binding domain [EC:1.17.1.4]
[SP:XDHB_ECOLI]

eco00230 Purine metabolism

ygfH ; propionyl-CoA:succinate-CoA transferase
[EC:2.8.3.-] [SP:YGFH_ECOLI]

eco00624
1- and 2-Methylnaphthalene
degradation

High Fragility Pathway

fabA; beta-hydroxydecanoyl thioester dehydrase
(trans-2-decenoyl-ACP isomerase) [EC:4.2.1.60]
[SP:FABA_ECOLI]

eco00061 Fatty acid biosynthesis

argB, argA; acetylglutamate kinase [EC:2.7.2.8]
[SP:ARGB_ECOLI]

eco00220
Urea cycle and metabolism of amino
groups

eco00252 Alanine and aspartate metabolism

eco00760
Nicotinate and nicotinamide
metabolism

dppF, dppE; dipeptide transport protein (ABC
superfamily, atp_bind) [SP:DPPF_ECOLI]

ilvN ; acetolactate synthase I, small subunit
[EC:2.2.1.6] [SP:ILVN_ECOLI]

nadB, nic, nicB ; L-aspartate oxidase
[EC:1.4.3.16] [SP:NADB_ECOLI]

Table.1 

OD 0.43 High 

Robustness OD High Fragility

SOSUI "Cytoplasmic" KEGG

Pathway map
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48

capillary electrophoresis electrospray ionization mass spectrometry (CE-MS)

49,50

ASKA library
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WEB GenoBase

http://ecoli.naist.jp/GB6/search.jsp

http://ecoli.naist.jp/Resource/reclone_list.html
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