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Summary

Increased intracellular concentrations of the initiator protein Rep interfer with pSC101 DNA replication, and
mutated Rep proteins which cause increase in the plasmid copy number do not inhibit the replication. A rep
mutant (rep™) defective in the inhibitory activity was isolated and was found to be a new high copy number
mutant. The inhibitory function of Rep wasenhanced by the co-existence of the directly repeated sequences (DR;
iterons) in the replication origin region (ori) but not by the inverted repeat sequences (IR) in ori and in the rep
promoter. This synergistic effectof Rep and DR sequences for the replication inhibition was dependent on their
intracellular concentrations. Considering that the DR sequences are the specific binding sites of the monomer
form of Rep, the Rep monomer-DR complex might be responsibile for the inhibition of the plasmid replication.
Furthermore, the Rep monomer in the crude cell extracts facilitated dimerization of DR-DNA fragments by
T4DNAligase. Neither synergistic inhibitory function with DR nor Rep mediated dimerization of DR-DNA were
observed in high copy number mutant Rep proteins. The role of the Rep-iteron complex in the copy number

control of pSC101 is discussed.

1. BB

EFEDOH TH % pSC101 1d, Salmonella panama S OBEIN/~2%K 9263bp, BER
GBlkH=0 5, 6EHEETEZTIAX KTH 5. pSCL01 IKiRTF F S 7V UitERETF LB
DEsT SR 37-kDa @ Rep ¥ YNV ERBRENI—RSINTV S, FOBHCERICLERR
i ori L & rep BEEF 22T 1.3kbp TH5, ori BHO LTI pSC101 BWEEICHE S
NEDITNERER par DEELTVS, TOTHRICIIEESRRD DnaA & U&= IHF
(Integration host factor) DfE &AL T3 % DnaA box. IHF box MELET 5. HF box @iz
13 84% EE VWD AT-rich HEMREFELTVD. T, ISHCFOTHRICIIRERFIDR-1,
DR-2, DR-3) & ¥ K EFI(R-1, IR-2)VFET B,

rep BEFICI— KENTWVS Rep BEAER., INXTORAICEK DHIEATIEE/ Y&
FAw—EnD 2 BEORIZMETHEL. Z ORI EEREBICHZ EHRESTN TS,
ZLT. £/7—&LT320 DR EFIDR-1, DR-2, DR-ICHEAL . EHEBEBTEI I =
Ty L LTH EEZBNTWS, Fie, F1v—L LU TR, IR-1 KEELTHEROT Y
N>H—& LTHBEL . rep BETOTOE—4— (Prep) fHED IR-2 KESLTEROERE



% autoregulation LTW3%, ZOXIIZRUBHDTFHED Rep ¥ N7 K3, ThFhER
SEEHRETIZMMEI S NIETH S,

EIANER Rep FINIHZHIBATRERBRIES & pSC101 OEREIFTE1 > &
EY—&LTOEMENRHZ ZENR/EINTVWS, —F4, pSC101 @ Rep F >NV EDIE—
B ERERMETHS Repl, Rep2l. Rep28 (R4 OWIFEETLIRT, BEEL/~ZR Replid, Z
DOEMUBEFERLZRIAZV, FLEMEEFERBELRERep™ 2EBEL/- 25 Rep™id
Rep FONXJED 113 BBOTV I /B Ser 5 Arg CEBZEILHLNWEHEO IV —#K
ERERETH S Z EM0 Mo (unpublished)s LML, Rep ¥ VXV HE /) I —BHBNIT
FAT—BRDEBELNA e EY—ELTHLLOMN, £7-, BHEEHRROBENEDLSD
DTHEZONEFRATH S, LIATTIAI R pSC101 DEBBEREFEEICELUL 2HE%
FDOT I A KPL, FIIEHEEASIIMCS rep BEFOTRICREDREFIDIEFEEL TWVS,
Z® DREFNZ Rep ¥ NNV EDE /) T—0ES L DR-Rep complex Z2F#4ED, T ori fR
3 # @ DR-Rep complex & Rep ¥ NNV EHIDHEER 2N LU T palring 2875, 2D
CREDEBMBBRZAIRHASITAEVIEFINNRBINE, £, ZNS5OSS5AI FoaE
— K EBERMEIT, O pairing FHEMET L TWB72%, BREKBZNETIZENTESTD
P—HOLRZ2HEE5TZENMMETINE.

ULEDEBOH &I, BAIZTIAI RpSCI01 EHOADRLHE LT Rep Y INIE
WX BESMBEEZRD ETRTLZ. TO#R, initiator-iteron complex @ pairing »%, & ®
FRELUTHET DRSNS S EEBZ 5Nk,

2. Rep OBBERICL S pSC101 HHADHEE

R4 DHFEET pSC101 75 A FEFOMBA T ReD ¥ NI A2 BRRF I/ L &,
Rl 28 58I pSC101 IR FOOE—HAWATH I MY Tay 54V FERT
BRIN. Rep ENrep 7OE—F—NERBEL TVNBEED 2~3 ZHEIMTHIZULOBESK
MRONE, COBEMBERKEMFTTI/-DICRLIZIEHAERBLERERep™ 2 B L 7=,
ZDERMKITIPpSCI0l DOE—RKEZK 3/ LRI BIME 2 OO —KERERETHEZ
ERBI o7, LRI, BRAXOHAB THEIN-2 ¥ —K FBZE R4 Repl, Rep2l, Rep28 i3
BHEBEEEZROVTVAENEICASN TS, IO LAY R AR L EEEERS
ENEEITERT SRS ERBL T3,

3. BEHHEICHWTS DRESIE Rep ¥ N HDOHRYD R

75 XX R pSC101 1X DR BEFIZHOMDTIAI REF—HBRNTRETERVERALE2FR
MEHELTREIN TS, TOHHBE LT DREFID initiator protein T#H 5 Rep ¥ >/
DEDE/)T—RERNTZIETTIAI N pSC101 DHEBFHEIEEZEEZ SN TV,
72EZX Rep FINIEDER) X —RIMIBRANTARL TS, B X—BES 1 T —EIIFER
BIZHEOTHYAT—EMSE ) I—BNFEHN, Rep ¥ >N IVEDORBEHZIL negative feed
back system THEZDARR LA VT—B I rep BEFIASREINDETHE. ZOFH
TREATHTHBZEEBEZ 5N/, MIRNTO Rep EHEDBREMEMHRIZED 5 A3 B pSC101
DHEBEENEZZENWDS Z&IE, DK EDB Rep I NIEOE )T —EIEIZNIY I —
MR EES—E L THELTWS I ENEZ NS . L TRAIUTICRTH =R ER %R
ZEELE.

DR 503 [IREF|Z2H DTS5 X3 R(PACYAL184 OF hSH1 2 Ui TF L OFREESE
B MZER DNADR-3 H 25 W IR2BY OFALARZHEALTHB TS5 A2 R, pSF %) & Rep
overproducer (lacpromoter 245 [PTG HHET T repBETE2HEBETERIRICTRNELTH
357523 R, pNR, pNC R)DOFEF 2D E. coli A2 BED IPTC H¥ T T50 1 g/ml



Amp, 20 1« g/mlkan, 20 4 g/ml 705 A7 =2 W Cm)ZEY 10ml SOB HEH#l T H
FEHEC 2 B ¥ THE%E L /=, Hanahan IRV pYUK101(mini-pSC101) Z i ric e E i L .
50 1 g/ml Amp, 20 1 g/mlkan, 20 1 g/mlCm EHERENZWED IPTCGZEY LB £
TR E —MA 5 "B, 37TCTHEELID - —0KERAL, PYUKIOL X BHHEEGHRT R
2 pTW601 K LA HEEBRYRTHEL, IPIC FSH 22T RVWRETO
HI1006/pACYC184(DR3X0)® pYUK101 X AWEERSES 100%E LT, ENETNEE
SR A E N Ui, T LT Rep O#AEFITHS DR IR SR —HRAICEELEE
Rep OESIEEEMNEOL S TP BEZTHNE2MTLIE. FORR, HRRATIS VAN
IZBFAER Rep ¥ /N7 BB & DREFIOKIMEA B I2{En, #%HIC pSC101 DERFHEEDIE
MR 5N (Fig. 1.

—%, iR T=D? IR mFE2ED TS5 A2 R(ESF13)id mini-pSC101 Ik B EETRHBHR
wESREZIAMo . UMEOKENS, Rep ¥ SN EOMBANTORERE S DR ESIOFF
OFRMESHZEBIBLEEZEZALSNS,

Rep £/ T—I3ERIZ DREFIRHEET B2 I LAREINTVS EMS . RIDMBALELT
NS 2fizd BT I A KD DR-Rep complex 2% pSC101 ori 1+ ® DR-Rep complex {Z
Rep ¥ NN B 2N LU THEY % (pairing formation)Z &2 & V., pSCl0lori fAIR TDHEEZ
HETBHDTHDEEX SNz, IHHIRD &, ERIBAMABEE ORI E—ROER) 25!
=87 TLRE Rep™. Repl. Rep2l, Rep28id. pairing formation DOFRREEI KT L,
ZFOEE, EMAEEENEDN/(Table. 2) CBETHIENTED.

4. Rep # >N 7 Eiz4&k#% L7z DR-DNA O_B&{b

R VWS 2 & X 0. Rep £/ ¥— 0 DREFINOHFRHIHEZRET D EizL
#_ $9° 1mM IPTG ¥ T T lac 7OE—F —» 5F{£H Rep, Rep™. Repl, Rep21. Rep28
PRE XML, S BRHEEER LIRS Ty 71 Y RBITCTHE LD Rep ¥ 2%
yEWEREE L, Rep ® DNA B&HEEY N7 METRE. &4 Rep CAVIAVA - €
SIEMETEE Rep ¥ NV B2 ERVERMBBETERLEY NNV BERERpEZRFLR
L CE#A Rep. Rep™. Repl. Rep2l. Rep28 & DR-3 Ei% & DFESREZR MR D binding
buffer[10mM Tris-Cl(pH7.5), 11mM EDTA, 10mM MgCl2, 200mM KCl, 0.1lmM
dithiothreitol, 2mg/ml BSA, 50 « g/ ml sonicated calf thymus DNAIO&RHFETFTI I T
R 7w —izTEE L= (Fig. 2). DR-3 Bi¥l & ORI B\ TEFER Rep & Rep28 i3, 33
U0 L Rep™, Repl. Rep2l. IHETLTHD, KT Rep™i3# L <{EFL Tz,
F7 0mM KCl ® Ligation buffer[50mM Tris—=HCIpH7 .9), 11mM EDTA, 10mM MgCl2,
20mM dithiothreitol, 1mM_ATP, 0.25mg/ml BSA, 1mM spermidine, 50 ¢ g/ ml
sonicated calf thymus DNAJG#:FT® DNA &% Fig. 2 LRERICRZ, MRZ5, KD
ligation =ERIZ BT T4 DNA ligase RIS BERETHEIND Z & 5, XD binding
buffer BEZ NN D TH 5. TOFEE Fig. 2 ERENRD 5N72A - fe(data not shown).

R VB 2 &1k D Rep £/ Y— 0 DREFINORRMIIHERRIT 2 AT
%7, % 7T DR-Rep complex O pairing % in vitro TR T 5 L 2HlHD T W L7, Rep
5 NRIBENLT 259 F 0 DR-DNA %8 pairing &I 813, 247D DNA KIFIIEWITE
45, TOKE. TADNA ligase i2& % DNA 2 - FOREHEEIRED B ENB, T2
TR S 220, BHEEPICIIKEOXBEBEROBFEILE DNA WENEENTVSZ
+T#H5, =d DNA K& DR-DNA RIMO#E £ </, DR-DNA Kt Xho 1
cohensive end & L7z, FD#ER. Rep IZ&FE L2V DNA KWMOEEIDREIIEEZSZET
BENBDT. TREHLTIRTO—7 DNA BRERE<SHR 2 &THBLE. £, DR [



1% 3 {85 DRI~DR3 DNA % 70— 7Itfn5 & & T, K& 70— 7 DNA A0 Rep O
SEEEAEDBT LIz, Ligation buffer R CRep ¥ V& &) VEIZEDEKHE I
L7 DNA 70—7% 16T, 30 9 RS ¥7=%. DNA 2t L 7.5%polyacrilamide gel i3k
MU%. Rep™2BWT, 5D 287 K3 DR EFINOHEVEFER KL VS DENIRS
LRHEINAZEND, Th5 DY /87 BIZEKTF L7 DNA probe D ZBH(LZRELZ. TO
s BRI Rep (Fig. 3. lane )04, “E4{tL 7z DNA probe @ band 258 541575,
Rep™, Repl. Rep2l. Rep28 (Fig. ) TIERINizd o7z, #IT Rep28 IJFFAR Rep &,
FIEEZ D DR BSEEND 3 I b b 53 (Fig. 2). 70— DNA OZE#{bide kil
TERMDTz.
5. £&®

2 f8® DR-Rep complex #% Rep %41 L T pairing 2T % &5 €5 )Lid DRECFI DNA
O BELDE R Rep Ic LD EEETNSFig. DEVIHRNSBHEIKHFINB, LD
Fig. 2 TR URBICEFHER & KZ D72V DRIEARERHED Repl, Rep28 281, WINOXR
& Rep TIIZ B OEENR S Nz o 72 (Fig. 3). D¥ D, Fig. 4 ITRT & 3 ITHIFEA T Rep
NI EE )T —ER DR EFIHEIMNT 5 & DR-Rep complex 24E ML Rep-Rep FAEEE
AENLUT pairing ME2ERLESZNHTEEEZIGND., —FH., ALK EFEREID
pairing HHEDRIBO®H. 13 & A ED DR-Rep complex i, initiation complex & #pk L #H
NEEEN, I—KOoLHEZ2AEULBEEZI SN,

100
§ DRX0 —————g
~—
:a 10 J x
£ DRX1 —_—
Table 1 plasmids used g‘
@
Plasmids Relevant genotypss & 14 DRX 2
=]
PYUK 101 Aspe, par, ori, Preprep * g \
pNR11-Kan Kax', loclq, pBR322, Placrep* - 01
pNRI1=.Kan Kan', laclg, pBR322, Placrep ™ E
pNC1-Kan Kaat, lact g, pBR322, Plac-rep ! s
pNC21-Kan Kagt, loef g, pBR322, P lac-rep 2] E RX 3
pPNC28-Kan Kaw, lacl g, pBR322, Plocrep 28 F 0.01
pTW60! S¢" Rol f:
pBend DR-1~DR3  Amp?, pBR322, DR-1 ~DR3
PACYCIB4 Cmi, Ttt, pISA 0.001
pSF1 Cnv, pISA, DR3 X1 3 25 0% 075 ]
P2 Car, piSA. DRIX2 IPTG(mM) induction
S Cir, plSA, DR-3 X3 X
p: :3 CZ ’ 154, IR-2X3 Fig. 1 Effects of DR sequences on the transformation frequency of cells overproducing
bt Co' D1SA. DR~ DR3 the Rep protein with mini-pSC101(pYUK101).
s . . Frequency of transformation with pYUK 101 of HI1006 cells carrying the Rep overproducer,
» Amp. el (50,4 /) s Kas e 30 44ml) Fomaiing roar s one DR sequcase wese ras fommed ik pYOROL T PSFD)
resistant; Cmr , chisramphesicol (204 g/ml) resistant; Sp, spectinomycin The ber of colonies that d afteri bation at 37C for 18 to 24 hr was counted.
G0 pg/ml Yresistant; Tetr  tetracyeline (10 11/l ) resistant Tnnsfom\anon frcqucncy wﬂh PYUK 101 were normalized with those with pTW601.
BR322, Ris] and pl SA mean the replication sysiem of pBR322, Ni q of cells carrying pACY C184(DR-3X Q) and
P
Rzl and plSA, respectively. Definitions of other symbois are described pNR11-Kan with IPTG induction was defined as 100%.
in the legend of Fig.d pACYC184(m), pSF I{ X ), pSF 2(®), pSF3( A).
Rep-Rep interaction L 4 m
A / i/
Resident 2 DR saquerces
pSF3 (DR-3 X3} pSF21 (DR-1-DR-3) | t-e—p—i| miring formation
Raident 1 IPTG 1PTG
(Rep ovarproducer) omM  1mM omM  1mM + — /
PNRI1-Ksn (rep +) ass 00m3 | T3 00024 (o] IR-Rep Inter ““"“ DR-Rep complex
PNR1L =AKen (rep 91 485 z'u 665 0 O
n (rep ] .5 L R "
sonmer npnuuon initiation .1.".
pNC1-Kan (rep B 179 s 273 1000
PNC21-Kan (rep 21) @6 82 82 1023 v
»A box
PNC28-Kan (rep 28) uSs 92 13 918 initiation compl:x
0
Tabled. Tranafarmation fisquencics (3 of H1I006 el carying the .RGP et Fig. 4 Schematic presentation of the coutrol of pSC101 replicahon initiation.
producer (Resident 1) and the plasmid retaining the DR sequence (Resident2) Plasmid pSC101 has two kind of formation for control of repli airing {i jon 1o inhibit
i pYURC 101 in the sbsence o he pressace 1M o T d

replication; initiation complex to start replication (but nobody knows the exact structure there-
fore question mark is put).

T g were as deseribed in the legend of Fig, 11,



Fig. 2 Binding of Rep protein to DR-3 DNA or IR-2 DNA.

The crude cell extracts containing 30 4 g total protein and 3.1 pmol
wild type or mutated Rep protein were incubated with 100 fmo}
32P-1abeled DR-3 fragment (1anes 1to 8)at 16°C for 30 min. Crude

cell extracts were prepared from HI 1006 cells (lane 2), or HI1006
cells carrying pNR11-Kan (lanes 3 and 4), pNR11".Kan (lane 5),
pNC1-Kan (lane 6), pNC21-Kan (lane 7) and pNC28-Kan (lane 8).
Amounts of total protein were adjustedby addition of the extract from
HI1006 cells. Thirty-fold molar excess of nonlabeled DNA were used
as a competitor (lane 4). Arrows indicate DN A-protein compiex bands
Arrow indicates DNA-protein complex bands. Numbers above (DR)
the complex bands mean percentage of DNA bound.

extract =  -Rep +Rep +Rep Repe* Repl Rep2l Rep28

co(r;;::;mr - - - 3 - - - -

Fig. 3 Intermolecular ligation of the

DR-DNA fragment in the presence

of wild type and mutated Rep proteins.

The DR1~DR3 DNA fragment with Xho
1 ends was end-labeled (lane 1) and

incubated with T4-DNA ligase in the absence

of crude cell extracts (lanes 2), or in the
resence of crude cell extracts containing
.1pmol wild type Rep (lane 4), Repih

(lane 5), Rep1 (lane 6), Rep21 (lane 7)

or Rep28 (lane 8). After incubation

e 460bp at 16°C for 30 min, DNA was purified a

nd loaded on 7.5% polyacrylamide gel.
Arrows indicate molecular size markers.

== 230bp

extract - = -Rep +Rep Rep™ Repl Rep2l Rep28
T4DNA ligase - + + + + + + +



FURNEBEGEROES

FHAREBNZ TV THREOP TERERERZBI X -> TV 375X I RDNA, pSCI01 2\, ZD#%EE
AR OREREORAL BIRLALDOTHE, 2L TS5 A FOBBEBEICLEY Rep EAEHBEH T
Bahse, FCSIAIROHEBIHEINE L IEEL, UFD LS LFEELHEL LI,

77 AIFpSCI0l DEBHBEAE (/=22 —X—) Th5 Rep EHE OMBINIEEHEE L~ D
S—4affblbichal, FORIFHEHIRFENCHESHR, 7523 FDNA (£ &2 Mighand
5L %R L7, RepEAHER, BEKE ZBREOHFHEENY, FhPHKELRY] (DR & ¥R ERT
RCHEETEILVHLATN SIS, BRIELCBREOOL TS EHEECES T 208~
&bb, Rep DBHFEIIC X 2 HHEEHS, F—MEANCHEETZDRHPZVIIRENCE-TESBES
R & Ric, ZDFER, DREFIE BEE Rep pHRMICHMEEA R T L VLD IC ko1 &
DI LI DR-Rep HEBOBEEGHIEBAERFIRE T EATRL TV 3, —F, ERELREREOLR
(FZAIRAE—HOMN) % 675 TEERep BBEFKRS AT HHEHEES TS T, DREF|E 0%
HaRLADLNL DT,

Z CTDR-Rep EBRBDOUEZFRZ /2010, MFHMEET O Rep BB L 81k, Zh 2GRN
DR & IRENCHE T2 D% MR L. WiC DREEF % & #2 DNA Wi A 53 TADNA Y #—+i- & T DNA
TR RERT 5 RIG% Rep BEBHHRET 2 T L 2R /E LA, DI L2 DR-Rep BEAREHHL S
HEEATE I LE2TRLTV S, ZREHLT, aV—HERZTRERep 2, ZORBEBHDREN CES
T3 bbb6T, DNAZREOHRERET 2 L i3hd 57z, %2 TDR-Rep BBBHEDEEERE
PEEEER2 75TV RSFAFEBL,

PEOFHEC LY, TT7RAI FERBBEEORMICIE, RepBHEOMEE FFIC X 2 HMHZIEM S
REDBHDEE R Hh, DNABKIAE OREMBBOMIICc—SIE LSO L TEINE L0 b,
EascET 2 L HELR,



