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WFZe Rk O M2 (2 3C) : The genome expression is determined by controlling the
distribution of a limited number of RNA polymerase within the genome through interaction
with transcription factors. The aim of this research was to identify the regulatory role
of all 300 transcription factors in the model prokaryote, FEscherichia coli.

1) We developed the 7n vitro Genomic SELEX screening system and determined the regulation
target genes for all 300 transcription factors.

2) We also developed the 7n vivo NIP-chip system and determined the intracellular
distribution of transcription factors within the £ col/i genome.

3) The regulation targets thus predicted were examined by measuring their expression in
the presence and absence of transcription factors.

4) We determined the intracellular levels of all 300 transcription factors by using
quantitative immune-blot analysis.

5) Taking all the results together, I have proposed: (1) the list of regulation targets
for all 300 transcription factors; and (2) the interaction network of 300 transcription
factors, altogether forming complex hierarchic regulation networks.

AR E R
(EHHAL : 1)
B Y 1 e 2 & &t

200 9HE 10, 400, 000 3, 120, 000 13, 520, 000
201 0% 12, 600, 000 3, 780, 000 16, 380, 000
201 1% 11, 600, 000 3, 480, 000 15, 080, 000

FEE

FEE
&t 34, 600, 000 10, 380, 000 44, 980, 000




WHIETEF 0 AT
Pt D53 F - ﬁﬁ.

VRN VAN |-

PPN L

F—U—F: F/ A, BEHE, S5 RIGE
. WFFEBHAR L M DTS 5 187 2:aab)

%5%ﬁmmw%9~€m\%3ﬁ%k
OMEAER T, 7/ A LGN REE T %
HIRL . BERF ORI T ) LOBISTFFE
BINZ = PNELT D, Frxld, KIBERNA
RU AT —EOMBENEEALREL, 7/ A
DKI4, 4100 BIn T DEG /X — %, 2,00057
QWRmex5—€@E/A BIATHT

SELHIE CIRESND E OB AERE L
71 (Ishihama, A.: Ann. Rev. Microbiol. 54,
499-518, 2000), RNATR U A T —F D4rHdi
f%m@%ﬁl%k®ﬁﬁ%%f&méﬂé

(K1) .

Functional Differentiation of Escherichia coliRNA Polymerase

RpoF ¥, Classv

8 : - 8 OO 8[::, Class "
& 0 . factors
Class II[

enzyme  Holoenzyme factors

Sigma factors, 7 species Transcription factors, 300 species

1 RNAKRU X T —F¥OoEHIEICL D57 /) &
G HIEET v (Fik)

> T, 300855 K F§ X TOIAEL FBIET
Ty hEFREL, 0O LT, 30085 KT D
B BEHITE M43 1 O MR N IR B 2 I E T E
X, 7 204, 400 BB FORENRZ —1 D
HERH TR FIRE & 72 D, $RGAEE O FEIRAR
Wb, 7 DIBIANE— BT 5,
B o A i B 2R 2E o Se v & H $8 L 72 AF 48
IR L, RGO ~ORENERIT Tk
7=o TO5EE HIE Lo EPBEDORITEL L
T, REFEERE LT,

2. WEOEB

KIGHE N IXFI300 DERE R 7 B AFTET D,
Lol b BT SRZET VAY - K
BETH. NI000ERER 1%, BB
b2 &FRENTWDR, AFRERMT

0%, HEERGRNFEIEFORBEREZIERL,

) A D3 EE b O Transcriptome & X
Proteome /3 HT & fA A 72705, #AE KT DEEED
Xl FEm T OI0E RO B LG FRENE R

CEBEO R TR ORE
R¥ECHo7T-, I THLIT, BERTM,
il LGB 9 2 DNAERA 2 M MEr I o4 %
LT, KR T BB FRAERET D, Btk
FiEEB% L, KGE 25 R 1 0O i T
B HEZ [FET 2 EISAFE 2 Ehi T 5, 2D
HARERIIFE D G DN DR R EZHA L, KB
W) DERBHIEORE & RS %, Z o
EREDTE, TOE>DEHD, T
DOERER - O HIEEEE DM | L7=, S
g L LESIT BN THA D,

3. WD IE
(1) RHRTOBEHEE FEE I
ET D012, THRERE XA N #(E D
HOH MM [FE ] (Genomic SELEXYE) % B
J& L7-. Genomic SELEX{E TH SN 7-#:F K
FEADNAWE o & A E oL E
Cloning—Sequenceit (SELEX—clos) TR
B &R E L CRET 52> DNA tilling array
W T—2IZ[AE L7z (SELEX-chip) .
(2) MEEENCTOWER O 7 & ik
BN A RET D7D, HEHIKE T HDNA-
RAEZLARE CTEE LE, 77/ ADNA
Z HEEST W U B SR R RO BUAR A2 R L
THAG K123 [E € S AU7-DNAZ S B Sy ir 3 5
NIP-chip (Nucleoid Immunoprecipitation)
EEBFE LT,

4. WFFAR

(1) Genomic SELEX{EIZ X 5 KIGH 2HsE
(K] D il 1 3B T s 1R D[R E

KIS PR L 7=59300Ff D iz 5K D 5
B, 280fH &4 HLEERG S L. 260fEIZ DUV TIE,
Genomic SELEXZ 1TV, XWd Fi&is REDHE

FEWCRKII L (B 2) . SELEX-chipTHE L
72260 DA [RGBk AE S EAL D R F — D
el B | BRER 2, B o flEiEs %
HLORFRMEOE N DN, KIBEY /) LD
4, 5003 Em 1D 5 B 1, 000LL EOZE DR
{5 Z I 2 CFEHIE A F £ TR AN
ZEMHALE (K3)
k%i%@@%@@ﬁi1ﬁ ST T =

—COMEMERD, EAY L THIE S



5, Genomic SELEXZ T 7 =7 X —DHE
Fox, VOBIEAETITO LT, S A
L OFREAEEAL A i U, SCh N &S RO
O Z TR 5 Z & HRT,

“Genomic SELEX” Search in vitro for Regulation Targets
of DNA-binding Transcription Factors

DNA fragments E. coli DNA DNA fragments
(200-300 bp) library (200-300 bp)

_ His-tagged TF g@'
EI\: , _ g—f
2 : ;' =g

Sequencing ",
Genomic SELEX

(Systematic Evolution of Ligands by Exponential Enrichment)

£ *"'

SELEX-chip
(DNA-chip analysis)

SELEX-clos
(Cloning-Sequencing)

X2 HRERTEERZRA DO Genomix SELEX

Search for CPP- and Cra-binding Sites on the E. coli Genome

B 3 #55.[Kf-CRP, Cradiil#IFEH)

(2) NIP—chipiElZ X B HEIKN TOERE IR
F OIS T B RO [RE

Genomix SELEX C[RIE L 7= #a 5 K+t & &6
i, #MifbEsE R 1 & Fi s 2 ADNATE T %
BA LIRS, GRS TE DIBEN
WO TH D, FOPT, EHIENTERIC
EALTWDIEALEZREST D HMKT,
ChIP-chip{EZMIEIC b T& 5 X 9 Icik
E U7=NIP-chip{&EZFIH L7z, MEE &S0
EEZDH LT, BERTOHIET D ERE
BADEALT DERFEEZ I G NI TE T,

(3) 7aE—¥—frRNERER - OBRR
5 5K KL T s DR BTN A T, #l
{CEEBERFaL s g 2FHL T, FoE
— X —RAEYMDOE T v — X — R AR
KF%#E%ET 5" mixed gel shift assay”
REWIE Lz, A7 0 VAR, Ml
Mala=b—a 2B b 2R E
fat7a®t—4%—0EMRT 25RO
ElCK Lz (K4) .,

Regulation Network of Biofilm Formation

Mater Regulator
of Biofilm Formation

RpoF

Mater Regulator
of Flagella Formation

K4 NAFT7 4 VABERGIEOR Y NT—2

(4) S5 RA ST B AR O 1H 52 AR fig
Hr

Genomic SELEX, NIP-chip CHEE L 7-iz5
K3 T A HEO S 2B A | Northern
blotif, RT-PCRIEIZ & 2 FEA)E 5 F-mRNA L X
JLDFER, HENEACLaczZ LR—F—& L
7 ae— 2 —3E TR LT,

(5)  HABR - fe PN I E oD il
KGE 7/ DOBREEIZIG T2 3B —
Y OEALE., BBERTFIZEDRNAKR Y A T —
B OBE M BELHE TIThih T g, Lo
L. KM 30078 0 5 5 (K] - oD el PR 5 1
ek, FhEfRS TR0 1o, HiALERER 1
ZRM LT BRFAa L7 g o2 ERIL
7o VUERZFIH L7-Western blotiET, K&
WG R FOMBNERE & ZORRIRE,
FEAR AR, HEAEARZ & D A8 & W EEA I E
WZEkEh Lz,

(6) HGRTFRy bU—7 2EGOMRH]
K5 1 300Fe i B2 K] - D il A A A AR - D
[FE, 7' vt —4 =R ROIET R OREK %
iU T, B EERO2REZB S0
2952 ENHkE,

5. FlaRFEim %
(WFFEAREE . WPt HE K O HEF o3
WIETHRR)

UHERERm S0 (Bl 30 1)

AIF 7 R B3 = B S

®  Ishihama, A.: Prokaryotic genome
regulation: Multi-factor promoters
and multi-target regulators. Proc.
Jpn. Acad. in press (2012) [&E#HiA]

® Ogasawara, H., Shinohara, S. and
Ishihama, A.: Regulation targets of
metal-response BasS—BasR
two—component system in Escherichia
coli: Modification of cell membrane.
Microbiology 158, 1482-1492 (2012)



sl

Yamanaka, Y., Ishihama, A. and
Induction of YdeO, a

regulator for acid resistance gene, by

Yamamoto, K. :

ultraviolet irradiation in Escherichia

coli. Biosci. Biotechnol. Biochem. 76,
120041-1-2 (2012) [ZE#miA]

Terui, Y., Akiyama, M., Sakamoto, A.,
Tomitori, H., Yamamoto, K.
A., Igarashi, K.
Increase in cell viability by

Ishihama,
and Kashiwagi, K. :

polyamines through stimulation of the
synthesis of ppGpp regulatory protein
and * ¢ protein in Escherichia coli. J.
Biochem. Cell Biol. 44, 412-422 (2012)
[(AFiA ]

Mitobe, J., Yanagihara, I., Ohnishi,
K., Ishihama, A. and Watanabe, H.:
RodZ (YfgA), a bacterial cytoskeletal
protein, regulates expression of type
111 secretion system in Shigella sonnei
through post—transcriptional
processing. £MBO Reports 12, 911-916
(2011) [E#HA]
Ogasaawara, H.,
Ishihama, A.:
between biofilm formation and flagella

Yamamoto, K. and

Cross—regulation

synthesis: Role of biofilm master
regulator CsgD. J. Bacteriol. 193 (10)
2587-2597 (2011) [#EFHiH]

Shimada, T., Bridier, A., Briandet, R.
and Ishihama, A.:

in transcription regulation in £ coli:

Novel roles of LeuO

Antagonistic interplay with the
universal silencer H-NS. Mo/
Microbiol. 81, (2011) [#HiH]
Shimada, T., Fujita, N., Yamamoto, K.
and Ishihama, A.: Novel roles of cAMP
receptor protein (CRP) in regulation of
transport and metabolism of carbon
PLoS ONE 6(6) : €20081 (2011)

sources.

(AR ]

Shimada, T., Yamamoto, K. and Ishihama,

A.: Novel members of the Cra regulon
involved in carbon metabolism in
Escherichia coli. J. Bacteriol. 193
(3), 649-659 (2011) [#FifT]
Ishihama, A.,
and Brainger, D.C.:

Busby,
The

Yamamoto, K.

S.JoW

@

Escherichia coli K-12 MntR
mini—-regulon includes dps that
encodes the major stationary phase
DNA-binding protein. J. Bacteriol.
193 (6), 1477-1480 (2011) [##ifA]
Ishihama, A.: Prokaryotic genome
regulation: Multi—factor promoters
multi—-target regulators and
hierarchic networks. FEUS
Microbial Reviews, 34, 628-645
(2010) [FrwiA]

Ogasawara, H., Yamada, K., Kori, A.,
The
E. coli csgD promoter: Interplay

Yamamoto, K. and Ishihama, A.:

between eight transcription factors.
Microbiology 156 (8), 2470-2483

(2010) [FrRiA]

Ogasawara, H., Yamamoto, K. and
Ishihama, A.: Regulatory role of MIrA
in transcription activation of csgl,
the master regulator of biofilm
formation in Escherichia coli. FEMS
Microbiol. Lett. 312, 160-168 (2010)
(A& ]

Teramoto, J., Yamanishi, Y., Magdy,
E-S.H., Hasegawa, A., Kori, A.,
Nakajima, M., Arai, F., Fukuda, T. and
Ishihama, A.:

live-bacterial cell assay of

Single

promoter activity and regulation.
Genes Cells 15, 1111-1112 (2010) [#

Bl
Teramoto, J., Yoshimura, S.H.,
Takeyasu, K. and Ishihama, A.: A

novel nucleoid protein of
Escherichia coli induced under
anaerobic growth conditions.

Nucleic Acids Res. 38(11), 3605-3618
(2010) [E#HiA]

Terui, Y., Tabei, Y., Akiyama, M.,
Tomitori, H., Yamamoto, K., Ishihama,
A., Igarashi, K. and Kashiwagi, K.:
Ribosome modulation factor, an
important protein for cell viability
encoded by the polymodulon modulon.
J. Biol. Chem. 285, 28698-28707
(2010) [EFiA]
Ishida, Y., Kori, A.
A.: Participation of regulator AscG

and Ishihama



@ Ishihama, A.:

of the B-glucoside utilization operon
in regulation of the propionate
catabolism operon. J. Bacteriol. 191,
6136-6144 (2009) [#EFEH]

Ishii, D., Ishihama, A. and Yamamoto,
K. :  Two modes of autoregulation of the
murk repressor in Escherichia coli.
Biosci. Biotechnol. Biochem. T3,
90421-1-3 (2009)

Mitobe, J., Morita—Ishihara, T.,
Ishihama, A. and Watanabe, H.:
Involvement of RNA-binding protein Hfqg
in the osmotic—response regulation of
invE gene expression in Shigella sonnel.
BUC Microbiol. 9, 110 (2009) [##Hif]

Shimada, T., Yamamoto, K. and Ishihama,

A.: TInvolvement of leucine-reponse
transcription factor LeuO in
regulation of the genes for sulfa—-drug
efflux. J. Bacteriol. 191, 4562-4571
(2009) [HFiA]

Terui, Y., Higashi, K., Tabei, Y.
Tomitori, H., Yamamoto, K., Ishihama,
A., Igarashi, K. and Kashiwagi, K.:
Enhancement of the synthesis of RpoE
and StpA by polyamines at the level of
translation in Escherichia coli under
heat shock conditions. /. Baceriol.
191, 5348-5357 (2009) [ #Hif]

Yamamoto, K., Matsumoto, F.,Minagawa,
S., Oshima, T., Fujita, N., Ogasawara
N. and Ishihama, A.:
of CitA-CitB signal transduction

Characterization

activating genes involved in
anaerobiccitrate catabolism in
Escherichia coli. Biosci. Biotechnonl.
Biochem. 73, 346-350 (2009) [##iA]
(P (G120 14)

Global Regulation of
Prokaryotic Genome Transcription. JN
Centre for Advanced Scientific
Research (JNCASR) Seminar, Bangalore
March 19, 2012
i B THIE S AR50 G dE ]
HEERE ) —O& DDEY DT X TOIRGR
FOHEHEEOHME HFF L T—. K
JER=F 7 v — )L COE, Network Medicine
AVERLS, M @HFEHEE I —. LR

® Lim, C.J., Lee, S.Y.,

FESE, 20124E3 H 8 H

Ishihama, A.
and Yan, J.: Anaerobiosis—induced
nucleoid associated protein Dan
polymerizes along dsDNA to formrigid
helical-like co—filament that is
able to concatemarize. Biophys. Soc
Meet.
Kingdoms” , Asilomar, Californica,
USA, July 5-8, 2011

A B RBRRREINEICR TS
J LDERB O FEHIE, £ 84 [al B AL
FaRE, YURT T L THEZ INC: H
BRSSPI | 5D - [EBR
B,2011 89 H 21-24 H

Al B MEMROfEE . 2o
SR UK G-COE TR+
VAT AR BBE I F— UK
O E AT ZERT - R, 2011 4R 2
H9H
Ishihama, A.:
Regulation. Japan—India

“Dynamic DNA Packaging Across

Prokaryotic Genome

Collaborative Science Program
Seminar, Centre for Cellular and
Molecular Biology (CCMB), Hyderabad
India, March 17, 2010

Shimada, T., Fujita, N., Yamamoto,
K. and Ishihama, A.:
Genomic—SELEX Search of Regulation
Targets by Transcription Factors

Genome-wide

Jacques Monod Commemorative
Minisymposium: Gene Expression and
Institut
Pasteur, Paris, France. May 31, 2010
Ishihama, A.:
Regulation: Multi-factor Promoters

Signalling in Bacteria
Prokaryotic Genome

and Multi-target Regulators. 11"
Asian Conference on Transcription
(ACT), NakijinHall, Okinawa, Japan,
July 1-5, 2010
Ishihama, A.:
Regulation: Multi-factor Promoters

Prokaryotic Genome

and Multi-target Regulators. 2™
Florence Conference on Phenotype
Microarray, Internatl. Conf. Hall,
Pisa, Italy. Sept.13-15, 2010
Ishihama, A.,
Shimada, T.
Yamada, K.,

Ogasawara, H.
Teramoto, T., Kori, A.,

Kobayashi, K., Katayama,



T. and Yamamoto, K.: Multi-scale
molecular genetics of prokaryotic
genome regulation. 21st Internatl.
Symp. Micro—NanoMechatronics Human
Sci., Symp., Nagoya Univ., Nagovya,
Japan, Nov. 7-10, 2010

Ak B MES S SR ARG
DI OYBEERAT, A AR 2T
B HEE R SEAB o AR Y T A T
PRI AR O & JERGLE O] |
AK-A—7 U —Ftr2— | 2010
2 H26H
A B KIBEY / LEEEHAE O Hr
B, %9 MIMEMNIES ., TEBURY
INEFE X XA 20104F 6 H 26 H
Ishihama, A.: Genomic SELEX search
for regulation targets by 100 species
of uncharacterized transcription
factors from £ coli. 12" Transcription
Assembly, Chandigarh, India, March
2-5, 2009

Ishihama, A., Ogasawara, H., Shimada,
T., Teramoto, J., Kori, A., Yamada, K.,
Growth

phase—dependent regulation of ecsgl,

and Yamamoto, K. :

the master regulator of biofilm
formation. 3 Internatl. Conf
Environmental, Industrial and Applied
Microbiology, BioMicroWorld, Lisbon,
Portugal. Dec.2-4, 2009

Ishihama, A., Teramoto, J., Ogasawara,
H., Shimada, T. and Yamamoto, K. :
Regulatory roles of
nucleoid—associated proteins in
Fscherichia coli. 32™ Ann. Meet. Mol.
Biol. Soc. Jpn, Pacifico Yokohama,
Yokohama, Japan. Dec. 9-12, 2009

Al B KIBES ) LRG0 WG]
W, 2008 £ TNABHIFEATRE ). HX
7T > RaRT v EHE, 2009 45 3 H 9-11
H

ik B, N R BHEAH, AR
M MEORESBISEDT /7 M,
AT A RA B ORA X NSA
A ZUAMFEE200 9,  HIEKE-
i F2fE, 2009 410 A 16-17 H
A B KIBWEICRIT DRESBIS
BDT ) DEEEHIE, A Z A A A
T AMFFES 2009, HOELREE, B, 2009

10 A 16-17 H

© Ak B HMEOLEFEREE LT
NAFT 4 VETERR . BisHlfE xR

v NU— 7 LEBR R, BARET
2 FHREIKREVURY T L HED
AT & 6D < DT IR BT . ME AR
— T A Z R, A, 2009 4 10 H
21-24 H

(] (B 10 14)
@® Ishihama, A.:
bacterial bahits: Single

Detection of

planktonic cells and assembled
biofilm. In: Nanomedicine in
Diagnostics (N. Rozlosnik, Ed.),
Science Publishes, CRC Press, 2012,
pp. 191-216.

®@ Ishihama, A.: Transcription factors
and transcriptional apparatus in
bacteria. In: Encyclopedia of
Systems Biology (W. Dubitzky, O.
Wolkenhauer, K-H. Cho and H. Yokota,
Eds), Springer, 2012, In press

® Ishihama, A.:
regulation: Multi—factor promoters,

Prokaryotic genome

multi-target regulators and
hierarchic networks. FEMUS
Microbial Reviews, 34, 628-645
(2010)

@ Ishihama, A.: Chapter 2.6, The
Nucleoid: an Overview. In:
EcoSal ~£scherichia coli and
Salmonella: cellular and molecular
biology. (A. Béak, R. Curtiss III,
J. B. Kaper, P. D. Karp, F. C.
Neidhardt, T. Nystrée, J. M. Slauch,
C. L. Squires, andD. Ussery, eds.),
ASM Press, Washington, DC., 2010.
http://www. ecosal.org., A % —

T b HIRR
® Ak B FEAMRNAKRY AT —

Y. A b Bl S, R
2 (W) . SR EN - B, 2010 4,

788
6. WFIEiE
() B Rz

F7% B (ISHIHAMA AKIRA)
TEBORS: « ASEERIEAES « FrTHd%
MRS : 80019869



