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Structure and Function of the Escherichia coli SeqA Protein
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Abstract

The SeqA protein is a negative factor for initiation of chromosomal replication in Escherichia coli.

In vivo the SeqA molecules are found in a form of tetramer or multimers. The SeqA protein has the N-terminal ag-

gregation and the C-terminal DNA-binding domains. The E. coli chromosomal origin for replication (o7iC) contains

11 GATC sites and newly replicated oriC is hemimethylated. The site of two neighboured hemimethylated GATC is

the best target of SeqA for binding. SeqA binds to hemimthylated GATC to prevent re-initiation of replication, namely

the sequestration of oriC. Sequestration is one of the mechanisms to make sure that each origin is initiated only once

per cell cycle. The SeqA protein is not only a regulatory factor for replication initiation but also a transcription factor,

inhibiting or activating expression of some genes. In the paper, we reviewed the character of structural and functional

domain of SeqA, and its roles in control for initiation of DNA replication, gene expression and cell division.

Keywords

R P T Ve A AR e £ A 1) S e — — AN S o
HL R I foriC(the origin of replication of the Esche-

Wk H3: 2015-12-22 H:5% H I 2016-05-03

Il ¢ 1 SRR B e (A HE S 31360208) % B it

EAEE o Tel: 0471-4992442, E-mail: morigenm@life.imu.edu.cn
Received: December 22, 2015 Accepted: May 3, 2016

This work was supported by the National Natural Science Foundation of China
(Grant No.31360208)

*Corresponding author. Tel: +86-471-4992442, E-mail: morigenm(@life.imu.edu.cn
P 2 HH RN ] 2016-07-01 16:03:23

URL: http://www.cnki.net/kcms/detail/31.2035.Q.20160701.1603.006.html

the SeqA protein; structural and functional domains; DNA replication initiation; sequestration

richia coli chromosome)it 51 %, FF H.75 &> 41l g &
e HK 42—k (once-per-cell-cycle)'™. K i #f
oriC(245 bp)H 1A 5 il U £ 11 JfiDnaA 45 A 47 A1
(DnaA-box)™ ), DnaA 5 oriCH DnaA-box |1 #1 H.1E H
ffioriC DNAXUEEHL I, BT~ 4 1) JJ /- IHF (integration
host factor). HU(heat unstable)%5 25 [ i FAEH T
fitioriC B IIAT & & XS, T8 i 52 46 S 46 I i =
“W(open complex)® . EDnaCHpB) , DNAf# HERNF



722

DnaB LIS SRAATE N 0 R G TR &4 1,
JERGHT 5 W2 A K (prepriming complex)!'”. 2 J&, 5l
Y45 B DnaG FIDN A 2 45 BEITTZH 3¢ B 57 5 1 B4
A4, FEUEXLA] S A0
PR S LA A A A i R, R RS
G H S A R A — R B AT AN
AR UG 19 T3 TR kA (1)RIDA(regulatory inactiva-
tion of DnaA)fE %4 H & Tl 45 7% %5 (1) ATP-DnaA 7K
il N AT G PE () ADP-DnaA, i I B K oriCIty 5 ik
s, HRIDAR A HIS R b A R EEH, 2
2% 1 A A K 2535 PENY; (2)Dna A — A w2k A
¥4\ dat A3 E (DnaA titration)!" 'S 2L N dat A5
ffJATP-DnaA[t) /K f(DDAH, datA-dependent DnaA-
ATP hydrolysis)!" V] #1151 & il 46 11 & A2 (3) R il
6 L 3T oriCIP) b 4i(sequestration of oriC)*'7, oriC
XA 1IN GATCAH 11, ST A6 T P 2% 5 1) IR e
NOAL s 54 AR, A2 RS 46 i T 5 11 JBR I n i
RUMIR F A, 5 R A RO B T A0 1)
oriC" ™ AR 2 F HE AL GATCAY £ SeqA e
JITHEAT A, SeqA LA R SRS 41 H AL I GATC

WAT 5 BIZR A, (HOR AR AN QT 51, SeqA
X R K oriC GATCAY 1 45 45 7] 4| Dna A}
oriCII &5 & UL b 5 R AN Al 45, ISR
horiCIf B 4als2l,

1 SeqARHRHI A

X R A KR R AT B R, B — e 1 S
GEAE Y — 58 5 R 45 RO T 4R, H T AT oriCI
SR LRI [F 2P (RN, HARE— > 4 f 8 5 v A2k
I WOk A — kB, 19874, Russel Ml Zinder™ 1 4G
e THEAL, BV KA R AR N AR A 2 R
TR LR AL AT AR, A F AL IR Tl s (AR (FH
oriCH | 1) JFURL) % Ak dam (4 T Dam F 5 44 il 1) &
DRI ) B3 5 A8 A ) R 2, T 4 PR S A TR Al 4 2 A 2
R AT A7 EH . oriCHI 11N GATCAL 1 72
Dam F AL il (1) FE A7 s 23, 10 1 4 (R S i, o8
B BRI BE A IR AL, T ori 2 1 FR AL IR o (R I,
(LR ERE SRR 7SuR S KR S Sy TOl v 2 S
SRR UR I e AR TP 2 4 R RS 4R 1) A
A AFABAESE, BN SR, KA b4
Rl S PR AR 2 T IS A ori CTR R $2 IR 17, 31X 1 428 TR

T RS SR P AL oriCIRITEFRS,

199445, Luf5"HR3E, SeqAtori R4 1) —A
B o AR 35 A P35 23 B R P EE G, Luf 28 5E
seq AR, I HseqAKE PRI Bk 5 AR A 2K 25 [A) 22 1)
52 il &£ 4fi (synchronous initiation of replication), [
5K F:oriCIP) B 2, 12E 11 UE B SeqAJE 2 Hori Clg 44
(AR A AR, HARBTTUE 4 2L 4
it & 7y AAIE 52 T SeqA M Dam s [ i HL#: 2 HoriC
B 21

2 SeqAEHREN-in % B HEFnC-
imDNALE & 4515

SeqA HH 18I Z AL AL B, FAR K /NZ N 21
kDal"%, SeqAfT A~ I fig 4: N-Jiij(SeqA-NTD, H
1~33% 5 TR ik Jik ) B ) 22 2R 4K, &5 g S5 M1 C- oK i
(SeqA-CTD, H165~18144 A& iR 7k 5t 4 1) [ DNA %
e (B DR, AN SR A R
(flexible linker) 4%, IXANEEFLHE ti v R 1130724
FE R (34~64) 20 B, N-3ify (133> S L 1R ik S 4 &
B ol fiE (o AFToB) R — NI B (BN 1), 5 HiAth
SeqA %> T IAIN-3iig JE 1 2 28 AR, BN HH 24 Jik 1R 7k
FEo~THY I, BIEIRIEILS~16. 24~3373 HIFI L T oA
FlaBIZ iE, aAFloBZ [H] ) G AN 2 JE TR ik JE (17~23)
JE % T aA-0B¥(aA-0B loop)?. SeqA-NTDE4%H
Metl. Ile4. Val6. LeulO. Ilel4. Alal5. Ile21.
Ala25. T1e28. Leu29. Met32F1Leu334 i /K2 ik
PR R FE AL R, I H A5 B8 AE Seq A7 TR >, C-
A3 1184 24 FE PR VR 4T & B AN R JiE(aCy aCl s
oD+ oE. aF. aGAlaH)F =/ AT BT S (BC2
BC3IFIBCHN(E1)e aC. aClFaDE ik T ol i &
J& 45 K (helical hairpin), — /M7 & 7L HoE. oF .
oG oHAS) I 73— A~ ol e e s v ()28 4y i
BEREMI30N S SE IR Ak 3 v, A7 184N 2 I IR A2 i /K
MAla. Ile. Phe. PromkVal, [Ktt, iIX/ANZEEEBEN#
BRI o Lys34i& 4% /1, EFEN-I FIC-Ii FE A
FDNAL & Dy RESL T 180°JE 4% 120

3 SeqAZHRFELRN

FEAR AN, SeqA JE AR I LA DY 3 A4 X A7 1,
WE TGO 2 BARRY, Hk sy 7 i A21 kDall)
SeqA, &A1 mol/LER ¥ 1 73 1 & K 1300 kDa,
X2 TN-A N 2 R AL T BUE iSeqA T 2 4K,
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Aggregation domain DNA binding domain
| |

I b )
65
Flexible linker || |H | | | | I Il

1 33
oC oCl oD oE pC2  oF

181
HHETITT-

BC3 BC4 oG oH

SeqA FIN-3ii (1) 22 SR A Z5 0 IRl SR ik 3 1~33) FH C-iig (1) DN A G5 A 45 P sl (2 SRR R I 65~ 18 1) A i, — 3 H v 1] [ S Mk IR e e e e (o S I ik i
34~64), N-3iii (1) 45 6 AT 28 P A~ ol e R —ANBHT 25, C-3ii ¥ 45 AT B BB B e RN — N SCFATIIBIT & o W5 (A molB i, B (a3 RIS

SeqA is organized into two domains, an N-terminal aggregation domain (residues 1-33) and a C-terminal DNA-binding domain (residues 65-181)

[ ] []

BN1 oA aB

are joined by a flexible linker (residues 34-64). The N-terminal domain folds into two a-helices and one B-strand and is required for multimerization,
whereas the C-terminal DNA binding domain folds into seven o-helices and a small three-stranded antiparallel B-sheet. Yellow boxes represent a-helices,
blue boxes represent B-sheet.
Ell KB ESeqA R A REM(IRYES % SCHK[26-27,29] 12 25)
Fig.1 Structure of the E.coli SeqA protein (modified from references [26-27,29])

Protomer 1

Ser26

Protomer 2

Asp7- Glu9FI Arg302 1] A 2% . AspT. Glu9. Ser26 1 Arg30%% T B E LR CUbRiF . SEOACE S 4 SeqA% 1, B OACE S — /A SeqA %) T
Network of hydrogen bonds between Asp7, Glu9 and Arg30. Amino acids Asp7, Glu9, Ser26 and Arg30 are indicated. Green and purple are

representative of SeqA protomer 1 and SeqA protomer 2, respectively.

El2 SeqAEHRHE RUFZE(IRES E XTI 2911220
Fig.2 The aggregation surfaces in SeqA (modified from reference [29])

M 5> TR KT AR 1) 7 T2, 505 ¥ SeqA
[IN-Yiii (SeqA 1-s0) 1 C-¥iii (SeqA 71181 73 7l K 1A 4l AL 5
HATHER IS U E T, 45 F I, HAk /N k6.8 kDalt)
SeqA s b7y T H 2180 kDa, M4 T+ BRAKMK K
/N, T SeqAs11s: (1) 5L 73§~ 24 13 kDa, 5 AR 43
T2, R RIN, 7541 40 P A7 SeqA
VU 2R A4 (1 A7 AERY, SeqA o] - FEAR AT BB Hy — A~ DY
BAKFIRZ T B R0, 1 A S I IE T
SeqA K FIN-3ii /3 [11SeqA-SeqA I A HAE IR, A
SeqA FIN-Jiii BT E (BN 1) LA S0 5 AH FHc X B fl — 2%
PRCS AN IR SO Y SR AR B 2 SR Ak . S
BAE S — N SeqA L HE I Asp7. Glu9FI 25 -/ SeqA
4% 1) Ser26 Arg30[h] M4z, it E 7 2K
PRGER . Asp7—J7 THI A E Al iE(aA), 55— 7 10 5 55
- MSeqA ] B Arg30i% $2, Gluot 5 55 — ~SeqAfil
B Arg303EH%(E12). SeqA Asp7HIGLu9 )ik 25 1] 33
TERAKND, T DNAR 45 S 20,

4 SeqAZEHRRSDNAEEEH
4.1 SeqA5DNALE

GATCAL i) AL & SeqA 4 A IR HTHE,
Dam F 55 0 5 56 B K H b U0 45 4 3k (target
recognition domain, TRD)AN[A], FHEEALEEST Ao By
(v SFeiX N2, KImHT B Dam(EcoDam) H FaAb i
ToZ&HY, YEGATCIP) BRI NOAL s igE AT A LR 039,
EcoDam F BE AL G748 N R 1300 501, 5 AR
Z MM R, DNAK FlEE . BE R B .
FEATICE AP, KA B Qe (R B A KA
20 000NGATCA i, Herb K130 HIEEAL I GATC
A7 13 (HH EcoDam F 5544 i 52 1) e 2 I 75 22 B 41 Jifd
TR, DRAUEHE PV RS E PP A5 K T i dam
DRI B AR A eh, B T SRR AR AR )20 LLAR, RNAR
AP BRI AR, B — DRI T AL
FHEEHIPT, R, B2 TR IR, 4
S TR S A T 2R DA I A O TE RO B p A 2=
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I — Tk g 0T

N T %5 7E SeqA IFIDNAZE £ 45 # 45k, Fujikawa ™"
43 AL M T SeqA FIN-ifi (SeqA 1.s0) F1 C-Jiig (SeqA 71151
AL, o F AL AR L IEDNA) 45 4 R
1o AATTRIN, SeqAziis5 21 H HEAL [IDNATE e
SE M A, TIN-K % SeqAso AN fiE 55 AT AT 1 X 1)
DNA(4: AL 2 LA ok FIL) TE R A4 -
I, Al AN K, SeqAfIC-3iiSeqAs s 5 1 1 51
- HIEA I GATC, AU AR H LA GATC, LAIG
SRR 4G A R GATCR,

(A)

(B)

Thr 117.
Arg 1181}
Thr 120

SeqA T B4 ] T DNA XU Z JiE K 74 i GATCAY.
s, HC- i PR R e D (2 HE PR 5k 1 86~88) FllaG (&
KR Bk H152~155) L L aE-BC2ER (4 TR bk &
116~120) FlaF-BC3 I (% I iR % 313 1~136) e A1 -
Ak B4 TR AL IR DN A, HE 1] DNA K i) rr 126281
(KI3A). 5% X Arg86F1 Arg 116481 [i) J& [ (1) /)N Y K5
DNALEE K, SeqA-DNA K A 1K900A2 1) 43+ 2% [ !
76 B (EI3A). 3% Feal# g K e o FHaE-BC2(FoF-
BC3)IA 1 24 Jk PR 7k JE 148~152, IR A\ Hudfi A\ £ K ¥4
1, F8 2 SeqA 5 DNAT 45 & (KI3AR E3B). SeqA

A: SeqA-C 512 bpf- 1 FALDNALL A (W NS5 MR . 0 R RolZiE(aC oCly aD. oE. aF. aGHlaH); 4R RBITE(PC2. BCIFIPCH),
Arg86F1Arg 11655 /N4 JE IR GATCE: &, AsnlS0RIAsn1 525 F 0 A-TE & B 2 FHALIGATC 5 SeqA-CIAIAI . AsnlSOFIAsn152[AI FE ik,
PR R B AR T A- TR0 4%, Thrl5 LRTAsn 1528 (754 ) 5 GATCAL FING- FHIEAL (1 BRIE IS (mA)IEHZ, T K SeqA-DNAK &4, C: H

FALIIA-THRFENS . U BRAINEAE ) 70 5 I M2k () i e o

A: ribbon diagram of a SeqA-C bound to the 12 bp hemimethylated DNA in two orthogonal views. a-helices (aC, aCl, aD, aE, oF, oG and aH) are

blue; B-sheets (BC2, PC3 and BC4) are green. The unmethylated strand is yellow, and the methylated one is orange. Arg86 and Argl116 interact with the

minor groove surrounding the GATC site, and Asn150 and Asnl152 interact with the central A-T base pairs. B: recognition of hemimethylated GATC by
SeqA-C. Asnl150 and Asnl52 stabilized by a hydeogen bonds and contects with methylated A-T base pairs. Thr151 and Asnl52 bounds by close van
der Waals and contects with the N6-methyl group of adenine (mA), and forms the SeqA-DNA complex. C: hemimethylated A-T base pairs. Hydrogen

bounds and close van der Waals contacts are indicated by blue and green dashed lines.
El3 SeqAE A S5DNAMLE & (IRIESE LHK[26]1525)
Fig.3 Interaction of SeqA protein and DNA (modified from reference [26])
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(11 Asn150 1 Asn152 i1 S B 4G o, I B B 1) & Bt
B A-THH FE 6 3E B2 ThriS1H1Asn1 520 J& i 70 {8
3 B GATCAZ mNC- I AR B Tl W 8 (™A ) 322 42 (13
3C), MMG-CA% 5 85 e JRA-THF Seq AN 1 15 H 45 &,
Ui G-CHf 3L 7ESeqA 45 A GATCAL i ik FE p 5 T 2L
IO
4.2 SeqAEHRFNIDNARINEH

PR A IR K AT B G (L ARDNA S i) 70 41 i
I3 AT W L P TR B I A], v AR S AT, X EARE
DNASL il i S Rk g OB ek s . — SR AH K iR
H(nucleoid associated proteins, NAPs)f BT DNA i
Yl X R B 1 i BL F5HU. Fis(factor for inversion
stimulation) £l H-NS(histone-like nucleoid protein) & 4,
Urfie b5 EAZ A0 M A 8 2R, SeqA AR A
A5 INAPs, {52 5oriCif) - F HE AL GATCAY w4 A
HAEH, I LASeqA T 2% 45 #J(high order structure) /%
2 B 20 2R 53] v i 2 SIS ] JS DNAGY
SeqA L DNA A HAE FH I AN R B ToriC, IR 4 K
FFBE G 04k 1 12920 000NGATCHL 25 H1 2% 1 A7 13
EREESCA A ) 40 Ak T F IR AROIR S, X L84 R
HAT AR AL P A 2 H L GATCA A5 34 1T 5 SeqAAH H.
YEFUS, SeqA — AR LA — A EMLGATC, b
J5 56 3 A R LGATCA £, {FDNARE S
i1, AT AS 2 SeqA-DNAZS #4171, Py AN = F LAk 11
GATCA A5 AH31 bpitt SeqA L DNA 145 A 5 A #1441,
TGV A PR A K 2 18 A K IR 4 i v SeqA 45 14
(SeqA structure)'5 i 5 & i S &5 587 A Al 2 F 3
WGATC, 43 JIAE 5| T8 Al J5 85 L P 4> SeqA 4
F) 2 AR FE30 nmZeE A7 I 25, SeqAR 1458 58
H AR F£200~300 nmff) E 25190, AR KSR 2 R AL K
Seq A HIDNA TR IR iE, 1Mk Fi5SeqA ] 51 Tk
DNA [ 1 HHRHEEY, A P SeqA [ 2K 5 26 R M2 e
(1385 N0 i B Seq A naE i H & 2 AL DNAT
(AL LN

5 SeqA5ParCEHHEEEH

YL (0 ARDNA (1) 168 18 JiE 45 #4) £ #1 4 B 1(Topo ).
DNA# Jig i (DNA gyrase)Fl1# $MEFIV(Topo IV)ii %,
S DNASR ERG n] 5| NS ERTE, P4 BT S0k
WRE, A MBIV I A7 D3 T L B AR e R A7 R R
T I A P A SEG, KangZ5 P I, SeqA -5 4M g
IV ParC V. BEPIC-K Sy 45 1) 380 AH B AE H, SeqA-T18

R Jo T VRT3 DS 21 SC A 3 (R T25- k& 11 3 ) e
{LDHP 141 i, 15 2%~ SeqA-T184H H.AE F (1) 8
Ji, —/NSeqA-T25, %3 — > HT25-ParC-CTD. SeqA-
T185SeqA-T254H H.1F FH & SeqA ) 2 F Ak, 1M 44 4
S F W], SeqA-T18 5 T25-ParC-CTDI) A1 H.1F F Af
P TEF1 0 BTV T 0 W2 (1) 35 1, E— 0kt 1
SeqA i 2k 5878 R HDNA B B2 e 5 In=1 e i SeqA
EParCAHH H.AEH T/ T 1185,

6 SeqATRBHHIEMFEINGE
6.1 oriCl3EHEI1ER

SeqA - ZE A W) Uy e & TEDNA K il 4 )5 Al
oriClf 2, FF H 4 22 40 M J8 31 1/3 0 [R]5°), 3 Fh 4 i
(1oriC& 4 i 1% 52 R DNA R S 4R, FEaf R AE [ —
0 i ) B AR A R AR — kP oriCLLAM )
GATCAT St 2 R AE R4, H 2 FFE 1IN (8] 8 oriCIX.
ol TGS i L R A I A 1 DX sk il 2 A 1 43 24k
N TG ), seq AL PR 53 53 A8 44 25 2k LioriC
B, LA MR LAAERIIY . [FIRE, damE KB4
5 A IS AR (=R [T, i ik 15 Dam FH 640 A
oriCREZE N A 4 ko A1 AseqAAdamXL FEAZ AR, oriC
i 246 o 17 S8 LGB A TR i, 2 AN ARS8 43
oriCI 4 i 11 SeqAFTDam Y JE A4, il 3L 1] 42 il 115>,
LFFXAF LML, 1 Kk SeqA R LLAE K ori I 4
B 7], FE 4% 0T e F S A 41 o 5 4, AT I DNA
SRR IR0, A A S5 E 52, Dam H L AL S oriC
S5 TR AWE R SeqA Ik, (RIIE, Dam A~ fig A2 F L
e HoriCE 25SeqA™) . LAk, B T SeqA, DnaAfLlF-
P floriC GATCAL st HFT H AL T it 2
oriCIRIRR 45100,
6.2 EREFERHPAFTIER

SeqAth it — ML 7, AT LS BRI R A T
o S S0 P BT R I, seq A5 58 7% &
H— 2 5L TR (1) % S /K 5 Y AR RO RS, 7E B A
TR 240 i 26 SR KT8 v 1) 32 TR seq A o3 58 8 A
FLHL SR, 117 5 26 R0 0 i e S5 /KT A1 1A 35 A
TEseq AN B AR PR B vy o B (A 12420 0004
GATCAHL SR A0 A8, 1] Bfd~4 000 bpASfrl. A4
=BT R B, AIRE10. 191 70R11 100 bpfHAS
GATCIP ¥4 1 AL B ori LT 1) 8 1 Tt
HEE RS E I AT R I I R 1 53 5 Seq AT K.

A I, dnadZk N 8 81 X 2 AGATCHL
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Rl SBseqARRNE=ZRIAMEEE

Table 1 The seqA gene was found in a subset of Gram negative bacteria

AT seqAFED A2 22 [T ML T R AHIESCHR

The seqA gene was found in a subset of Gram negative bacteria Related references
Escherichia coli K T H) [17-18,69]
Salmonella typhimurium( A5 FEV 1T TH) [66,69,73-75]
Yersinia pestis(F 1% HE /K AR IRT) [69]
Photorhabdus luminescens(JYGFF 1) [69]

Pasteurella multocida(% 75 P AT 14]) [69]

Haemophilus influenzae(Ji JEVE IMLFT 1) [69]

Vibrio cholerae(7E FLINT#) [68-69,76]
Shewanella oneidensis(/V 75 ) [69]

R, TERT B K, dnadFE IR )T B)) 7 4% 55 28 1 1 TR
KiK13HAR, HoriChaZamt [ AR . (A, HHEZ
GATCA 51 I recBXE Xl (4 5 RecBCDA# Jié i [/ RecB
VI FF B A R4S A KIS TR), AT g BT DnaAZs &
H 5 (1) )5 81 DX 5k DR e s, AT S Bh B 4. £
ForiC I iifi (f1gidAFE K (5 oriC 30~50 bp, 4 FEtRNA
18 1 It IMnmG £ 1)) 5% 5% 78 52 ) A2 4510 minf5
KM, S H1SeqAT [ IFIBG A /E FH 3L, K fEdam
BliseqAM R SEAR A v B OGP IR . Si b
— A B oriCEAT K mio CEE PR (G hdh A 25 5 B 5K 1)
T 2% B FIMioOL TroriC i, Fof sk A SeqA BTl
T SeqAE Ay e s I A1~ RE 8 (1L ik ~F- HH A Ak Bl
A TR 1) JSU W B AR APR JE Bl 1 IE PEY. seqABEI] |
UiF185 bp ) Kk LAl 1] BE X ¥ 5 GATCAL A%, B, SeqA
AR B B 5L R 1) e ok, T 2 FHHUSR 1 540 161 3
Bk, A AL 20 1] K B (Salmonella enterica)
SeqA 5 Dam [T 3L 4k B FTHAfR 2K [ 5 (HNS-dependent
flIhDC regulator, HNSHX 46 FARDC A 15 & ) 1 [7] 34
PEstd i -1 1AL,
6.3 FBEEKHSEFMESHPIER
Bach O H, i K 1ASeqA, B T 4L KoriCl)
R 246 I TB) A, 40 i 4 2t AR e 2E, HEDSeqA ] HE
FEIR AT ) P AR G AR 1 73 10 HAT A id B
151 Seq AR FE I JL th AR 43 B A4 4 A7 B IR ISR, i BH 9F
A Seq ARy 7 11k ) G 4 44 43 BT 5 Wk Tl Ak
BB R I, D ESeqA-YFPE AL AE RVRE 73 B 1
4 1 1R, AR IS Sterfir s (G AR S 24 1E AT R
A H LA EE SLINE (Vibrio cholerae) ik 3
ik SeqA R I G AR SR 4R, HARAN 0 i g
ADNAT 5 A Prde &, tHUbHEN, SeqAn] eI 4H
JHd 53 241651,

7 BEERE

Wk 5 B AL IGATCAY i B 5 1 45 A,
Seq AR HlA 4G i iR EEAEH, W HZ 5
FERIB L . seqAFEIAE HEAL LR o OF AR ST,
SRS 22 R B A e 070, H TR 2
KAt i BTV T ] R AT BLITE MR D) .
T 7 5 2% PG SH P 11 a8 H AT B (Caulobacter cres-
centus)FHR 81 1 3 AT B (Agrobacterium tumefaciens)
1, i CerMiE A A 3 R 4G SR %, HECearMIf
ANESeqA[R) Y, T2 D) g L 2RALTF KA i Dam H
FALRGTT ARSI T SeqA R % £ L sk D g A AR
W= Dyhe, RN T SeqA 2 FRAR B K6 X2 50 (1)
G2 INRE B v i e A N iR N e 1 D
eH AR P AL 1 AN 4E
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