DNA Regions Essential for Replication and Stable
Maintenance of Plasmid
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Staphylococcus auveus > 5 BEES Wizh + =4 ¥ Uit 75 A 3 N pUBLLO0 (& Bacillus subtilis 12
BOTHLHHERIRETH S, DT TR POFUBMBEIE L DEREL TS 01, BLORES S A
R RER L T B subtilis (251 2 BCERIEE, BHEERERCREESRE L7, SIREBETONL -
DNAW R ZROLERI® S, 2077 A3 FOECHEEIC LE 2B EUBIA S % 2t 1631 st »
57%% Taq I-Hpa Il DNAWRFICEENTWE ZELES M LA -/, BERTRENRKE, 20 DNA
BAPIZIZ 3037 S/ BEI—N T 24T ) —F 4 > 271 —4 (ORF) BEHET L2 2 BLHL
Jo. Lnd, COORFAICEENS 218D Taq [ MUz 2 S EBEEE %S> 2L » 5, 2D ORF IR
722 POBEMLELZEN (REPER) 23— FLTWAREFTHL EEL OIS, HBIHES
Bal 31 AW TER L e BEX ORETS 232 RO B subtilis 1252 REMEEHRET LR, LI B,
subtilis MIFEME & DREETFESED 5N T 5 Mbo 1 DNA WiH (BA3SEER) 0 RENRATHLS 2D
TIAIRPEBEARETH 72, T OEBOEEET| % MBAT L - ER, BEDRAF 4—L— THEs
FRARETH D, FTRELTIAI N TR IOBBICRENELTVE I Latbhotz, 12, 20 BA3
FRECREBECTNRE 7T A FTIE B sublilis TWEESIEEIMO 72 2 2 RO 1/10 U FIZET T
BIENROHEN, &85, IORKTIRA I Pz BA3SER2E T2 DNAWI A 2 AT 2
&, 77 AL FOREMRS B. subtilis WEERENIZ I BASSEE2E T 2O 752 3 For~n
WECEBLL, ZRSDERNPS, AT L— L —FHEESTBRATEEL BASSIRIE 75 X 3 FOREMRS
& B. subtilis 23 L BEEGH S €200 HICLBETH2 Z Mo x>/, /-, #lEANTO
1HE DNA OFABZFEHE R L5 T 3 recE~ 1% B. subtilis WEIEROZAE £ L THWLESITII,
recE* R TEE S/ BASHEE O KB I MEERERETREN L VEZ b ohbhi, TOIL
&, pUBL10 2B LT B. subtilis CBIB3H L w0 —= v IRy % —5ERKT 2 & &, ZOVEKBRE
TBAYFERERDLRVW IS WCERTALENHEILERLTVS,
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IR FSMEMETCERECERESLE LD
1%, 77 A 3 F DNA BEBIEN, S6CHFHETSTR 3
F3F25 2 B0 BMIRANERICSEE NS 2 ENLE
ThH3, BXOFI5AIFERVTINSORMELRH
BT LRMEREAOER & SRR 25D
ETLVRELED, BEELBERD DS, i, BLO
BRREChkzo—=v /2y — LTHEBT 2K
HEAZHMREEVES,

Escherichia coli #TBE LT 2BRD 75 A I FiZ
DT ZDEBFBEESTEEAY, ZOMRETS
AINOHTHEECIZ 7T A I FAEIOKF & L THEA
BHCLAT O 2D Z e LB TH D Lo TETL
—Dik, HERBS S OREEEND S 2 R
(ort) THDH, b5—2lF, FOHELEET LER
AR ER (REPER) Thad, 2L T, 7743
F DNA 23 & 512 2D REP &k % J9H 3 2 ik

Abbreviations: BHI, Brain Heart Infusion; bp, base pairs; B. subtilis, Bacillus sublilis ;
E. coli, Escherichia coli ; EtBr, ethidium bromide ; ORF, open reading frame ; RF, replica-
tive form ; 8..aureus, Staphylococcus aureus ; SD, Shine-Dalgarno.
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DEEL, ZORFEECL > Tlas ) 075 R
IFDFH (80 FRELTV2, 72, 9/
BHECOLTIR, YSRAIFllORFLLTAI A3
N DNA ORI SEERIZLEL 45 2 L2t
{OMDTFAEPIZDOTEHRE SN T ZD9,

=T, 72 LEVED Bacillus subtilis \ b EHD 7
FAINRNNEET LD, HYLBEFI—D—2FA
T\, UL, Staphylococcus aureus o BB X
NIEREET T R 2 ik B subtilis B WTHD
WIS 2 2 LA S AT DY, B, subtilis 12 & B G
Fru—=r 7 OFRMESES M IR RIZOR TR
F—ELTHERSMLTOHE, FRicbbhrbe ¥, 2
NoSDTT AL FOEMBUREMRETHEL THLL
MRIFEEAL RSN TG, 22T, AWETIR
MELELUTB subtilis B33 7 0—20 72
F—r LTHERASR, LidZ20E80IC IR - ok
BOEEUENERESN TV YA S =1 v P75
A 3 N pUBIL10 #Hu 7z,

D75 A3 FOBBBIGEE NS 2 72012,
£ REP EHOEFEI DWW TR L, #8EIE I
REP BH 2 ZE L 753581013, BOHEBIC rep R
FEEU—FEY A ADTF A3 FDNA S 2 Ek+
BT LI NDOT, EEIT XL B MBS O B
Expsl, 2ORR, HACERCYELE 2 E
FRIGEROL (ord) % & 0¥ 1650 HEST (bp) D4
ETRET 2 EMNTES, ZOL M, 07
A3 PFE B sublilis 2B WTHBECTREETH 2
Zenbhoiz, pUBLL0 O%E MR+ 2 513
ERERENRTHRVOT, [E 1650 bp LLstd DNA
TR ZD7 7R3 FOREWICED 2 FHTEE L
TWOHAREMMNEZ s, 22T, CO7I9R 3R
DIECHEE L RIS 3 72 b i WRLIT L B S LS o
FHICELZOREEE T2 7523 FEERL, 20
B. subtilis w817 3 EEMEZRET L, HEBHALEE
B g Bl 28O0 T OBIT R E RIS L
ThdIEEWsmIzL,

MEs L UHEE

I. FRAEKBLU TSI

1. R

E. coli C600rm~#k (thi, thr, leuB, lacY, tonA,
supE, hsdR, hsdM) %BEELLTF IR 3 FOER
B I% ot HERTREDTDIER L7 EL D
MI3 7 7 — VM 2 h D RIR s S CIIEICIE E coli
IMI05 ¥k (Alacpro, thi, strA, sbeB, hsdR, B traD36,
broAB, lacI°ZAM15) %Fv:7z, B. sublilis DFH
EOEE £ LT CRK3000 (leu8, metB5, purAl6,

hisA3)”, CRK3006 (leu8, metB5, purAl6, recE4).
BD170 (irpC2, thr5), BD224 (trpC2, thrs, recE4)®,
PSL1 (leu8, argl5, thrAl, recE4, hsrM, hsmM, sip)®
DESFEOEBEEAL 72, PSLLEIZ 7 £ Y » S5RE,
77U = T RED Péne it hstE s iz,

2. 7R LFR

pUBIL10 i% S. aureus HI¥D B. subtilis THHET 2
AFTVA T TR IR, pBRI2Z2 X E coli DT
YESVCYRUT I IHA 7Y VS S R FTH
%, AW TV T b pUBLL0 & pBR322 & DS
77 AL FTHDpNO2®, pNO4, pMS102%¢ 3 78
ZRVI(E2). pNO2 & pNO4 i3 pUB110 % #iIfRE:
# Alu I TEDHEL TES 17z DNA Wik & Eco
RITYIML 7 pBR322 DNA r 2 &S & ¢ 2 E,
Coli iZEBAL, hFeA v ofitEOER A, S8
BtL 7o, pMS102’ iX pUBL10 & pBR322 D~ —# -8
EFEFTATVS EcoRI-Bam HI Wik 5 7% 5.
B, subtilis T pNO4 & pMS102'13 B8 T = 2 23,
pNO2 iZHFET & %o v>, pUBLIO X 2 2R L 72 ori
BRI o AR E D, RENOABICHEITT 30,
pNO2 & pNO4 DEMEED LI 2> S, ori EifU 2 S
T pUBLLO OB BETH 2 2 E2 51 3.

II. AFEH

ETEGIPREER L TSRS 2 VIR AR S — Lo
dhE, MOBEE Sal 1V vy —, 7Hu— AR ME
BIA 7 A o—2 3 EWEEROWE %7z, M3
mpl0 % mpll RF DNA & Pharmacia P-L Bio-
chemicals P SAL, ¥—27x> v 7H* v MR
U [a-**P] dATP (>400Ci/mmol) 3\ ¥ 4L &
Amersham International plc. 58§ A L 72, Brain
Heart Infusion (BHI) ##i#h13 Difco Lab. @, Bifg#
TRA L RER=Y v H = A AUZ A 8L,
FEXNTHAG, HOBRER G b IS S
2V ERORE £ V2,

. 7523 F DNA OBER UHEER

1. 7223 F DNA D%

77 A 2N DNA R E coli v Birnboim-Doly @
TG > TR L 72,

2. ER

77 A 3 FDNA R UMIS 77— #l#t 2 &
DNA 13 Mandel-Higa @ 5 kWicfit>T# W ZH E.
coli C600r—m~ K UF TM105 #RICEA L 7=,

B. subtilis DFEHARIZ E. coli oL 75
A 2 F DNA (1-24g) 2 L, Dubnau @ Az
W-TEMLI, 75 ~A 32> 10ug/ml FSER
PR THEEREEEIRL, 20HBEKEHAL TF
HEHEE £ L L7,
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V. 7523 FoREMRER

T RXEI R EFEFELTCWAE CRK3000#k2 5+ <1
VU EESUBIRTR LICEERL CEEL, Figkoo
RS ERE, I0an—0—8 (NHUEE
oM *HEERCIESE, v 71y %
xR VLIBBIRFRICEHL, STCTEELL., £F
LC&LE—au=—D—ERRN I 0D, &
Rk, FJERRPIR LRI TEELL, £4BLTCER
0oz —2RINFIRCBHELTHF 4 ¥ Ui
HEOHE, Thbb, 772 FOFEEHA~NT.

V. 752 FRFHE0LEEHRT
B7TAIRR2EREL T3 CRK3000 ¥k % #INE
PRI TR 3 X 105RE/ml 1272 % & THEEL,
ZOmE2ELABMLTCELNLEED S
Marmur 900 —EE#EE L e AE IRV REaER
U7 A% F DNA 2 L%, 20 DNABED 1/
4 E2HIREREEoR] TR2CTWER, 1%7 A
O—X S NVHETESKEIL, 0.5 ug/mlDTFIY L
7ok (EtBr) TREALTHLEMRTTT I AL
F DNA E%HE L.

V1. BEEFIDRE

Mil3-dideoxy ¥ = —> ¥ —3 2 —varyEEAL
T, pUBL10 O#EHBMAER £ & & Eco R 1 YIMERAL
» & Pyu [TYIWTER(L % TH# 3500 bp DB EE T % -
EL bbb, SEGRER 2 HY T DNA O/
FEERL, 2hd % M13mpl0 R U mpll OBEE%
70— = B ICBEAR, Amersham #F1TOHEA
B> T2 OHERTIZRE L)z, B 1HRAE
EEFARELLEREFDOAAERL TV 2,
DBRERFT 2 REL TEOBRICFED LI L 2 HE

AL,

] ) 2 3 Xb

EcoRl
(773 .
Bgltt g

Pyull —
Hinell — —

Tl e e

Haelll —

Hpall e
—d=—

Al 1 1

Fig.1. Strategy for determination of nucleotide
sequence. Restriction sites for various enzymes
within a larger EcoRI-Pvull fragment of
pUBL110 are shown. An EcoR 1 site is taken as
the start point of numbering nucleotides of the
sequence. Length and direction of fragments
sequenced in this study are shown by arrows.

B ##

1. 75232 FpUBLI0 mBCHSUZLE YL DNA
i

2WZR LT & 512 B, subtilis THEMETEER 75
A X F pNO4 2%|EEEFClaly Hpa II THIM L
pUBL10 D #EBIFAMAHEIR % & ¢2#7 1800 bp © DNA #7
FEBEELZ. ZOMF % & o CHIREEE Tag 1 TR
SHRL, 41U 2% DNA W H % E8EIMAEE % &
VW, B subtilis THETERWT7F5 X3 FpNO2D
Cla I1#fiiczo—=>7 Lk, BohBEFS R
S RO B subtilis =BT A EBEEFANTHB L,
1650 bp @ Taq 1 -Hpa II{IMiHF 2 &t 75 A 3 R
DHZVEDEBEERL, ThiDbhsviao
DNAWE &L 7S A3 FizunTns aOEsES
RA%pol, ZODZ ki3 pUBLI0 DECERD 2
I EBIBAEM 2 S R L WEERSLETHE I L %
RLTBD, rep BEFEEOREENEZ SN, *
ZT, pNO4 iZ& 2 hTvw3 pUBL110 DNA DR
g (pUB110 DNA @ Eco RI #§{ii#* & Pvu IT 4L &
TH7 3500 bp) BRE L 72, ZOFER, B3 I/RLI &
SO 3518 bp A ABDA =T ) =T 4 > 77

(A)
km"  puBgri
5 - "g__ o » 10
& & o o 6 ¢ pUBI
r Ap" {
. - Km _PU‘B_‘:.L.‘ . P DBR.Q__:'}_ , .
pMS102
r r r
. - Xm _pU‘B_%L! Y Tec PBRQI_L. Ap .
pNO4
2] S 8 ir & .
Km" Tc piRgei _Ap
[ - 9
T T A, PNO2
=) e
6’1 T T T = ) de!-lcl:l trom pNO4
m
transformants bp
— - 500
—_— - 650
-— “+ 1650
— - 450
— - 950
[ -

Fig.2. Structure of plasmids and the essential

region for autonomous replication of pUBI110
plasmid.
(A) Genetic and restriction sites of pUB110, two
shuttle vectors, pMS102’ and pNO4, and an o
searching vector, pNO2, are shown. Restriction
enzyme cleavage sites are: BamH I, ® ; Eco
RI,o; Tag I, ®; Hpall, 0; and Cla I, A.
(B) A Hpa II-Cla I fragment was isolated from
pNO4. Various fragments obtained by partial
digestion with Taq I were inserted into the Cla
1 site of pNO2 to test for transformation of
kanamycin-resistance in B. subtilis. Only a 1650
bp fragment is active for the transformation.




TR I N OB L LERR 1147

GAATTCCTTAAGGAACGTACAGACGGCTTAAAAGCCTTTAAAACGTTTTTAAGGGGT TTGT AGACAAGHT AAAGGATARAACAGCACAAT TCCAAGAAR
EcoRl ’

o

AACACGATTTAGAACCTARAAAGAACGAAT TTGAACTAAC TCATAACCGAGAGGT AAARRAAGAACRARGTCGAGATCAGGGAATGAGT T
Tagl Hvol
201 ARAAAGACCCTGAAAAGGTGTCTTTTTTTGATGGTTTTGAACTTGTTCH TCTTATCT TGATACATATAGAAATAACGTEATT TTTATT FTAGTTGCTGA

a0t AAr,arr.ccrr'cnu'rmménrcnmrz';r'rrnumkncuucc&rnAAAr'rcérncucmiAAAAccccaicrcnAucinrucrmé

401 TAAACAAATAACTAAATAGATGGGGGTTTC TTTTATATT ATGTGTCCTAATAGT AGCAT T TATTCAGAT GAARAATCARGEGTT T AGTGGACAAGACA

S01 AAAAGTGGAAAA .TGAGA;énr,r,m/\miumuucécnnmrchuc‘r'rTc»\/\cncmmlrTcrmAATinAuAc;ccimucAcni
S0 Wcol

801 AAGATTGTGCTGAAATATTAGAGTATARACAAAATCGTGAAACAGGCGAAAGAAAGT TGTATCGAGTGTEGTTTTGTARATCCAGGCTTTGTCCARTGTE
Tag!
701 | CAACTGGAGGAGAGCAATGAAACATGRCAT TCAGTCACAAAAGGTTGT TGCTGAAGT TATTAAACAAAAGCCAACAGTTCGTTGGTTGT T TCTCACATTA

801 ACAGTTAAAAATGTTTATGATGGCGAAGAAT TAAAT AAGAGTTTGTCAGATATGGCTCAAGGAT TTCGCEGAATGATGCARTAT AMAAAATTART ARAR
901 | ATCTTGTTGATTTTATGCGTGCAACGGAAGTGACAATAAATARTARAGAT AATTCTTATAATCAGCACATGEATGTATTEGTATGTGTGEARCCARCTTA ORF303
. . . . . : . . . . ( rep? )
1001 | TTTTAAGAATACAGAAAACTACGTGAATCAAARACAATGGATTCAATTTTGGAAAAAGGCAATGAAATTAGACTATGATECAAATGTAAAAGTTCAAATG
Mbol
1101| ATICGACCGAAAAATAAATATAARTCGGATATACAATCGECARTTGACGAAACTGCAAART ATCCTGTARAGGATACGGATTTTATGACEGATGATGAMG

Tagl
1201] AAAAGAATTTGAAACGTTTGTCTGATTTGGAGGAAGGTTT ACACCGTARAAGGT T AATCTCCTATGGTGETTTGTTAAAAGAAATACAT AMAAAATTARR

1301 | CCTTGATGACACAGAAGAAGGCGATTTGAT TCATACAGATGATGACGAAAAAGCCGATGAAGATGGATTT TCTATTATTGCAATGTGGAAT TGGGAACGS

1401] AAAA rTATi'TTATTAAAGAJTAGTTCAA&AAAccacccicnrc‘rrcl«f\auncnc&rnrnrrm‘iAnAAAAccAncuccAréwumuci

1501 ccmrnrnlArAccmuiAAcAAccaT&crcrcCAAAi’ATTcrnTT’rAcAAAAccu'\ATcTMAATinc*rGMu{:cmn_cgmh GAATGG
50

601 | ACCAATARTARTGACTAGAGAAGARAGAAT GAAGATTGTTCATGAAATTAAGGAACGAATATTGGAT AAAT ATGGGGATCAT GTT AGGLTATTGGTGT
1701 | TATGGCTCTETTGGTCGTCAGACTGATGGGCCCTATTCGAATATTGAGAT GATGT GTGTCATGTCAACAGAGGAAGEAGAGTTCAGCCAT GAATGGACAR
1801 | CCGOTGAGTGGAAGGTGOAAGTGAATTTTGAT AGCGARGAGATTCTACTAGATTATGCAT CTCAGGTGGAATCAGATT G CGCTTACACATGRTCAAT

Hpatll
1901 | TTTCTCTATTTTGCCGATTTATGAT TCAGGTGGATACTTAGAGAAAGTGT ATCAAACT GET AATCOGTAGAAGCCCAARCGTTCCACGATGCGATTTGT

=~
o
El

l

2001 GECCTTATCHTAGAAGAGCTGTTTGART AT GEAGGCAAAT GGCUTART AT TCGTGTGCARGGACCGACARCAT TTCTACEATCETTOACTATACAGATAG

2101] CAATGGCAGGTGCCATGT TGATTGGTCTGE ATCATCGCATCTGTTATACGACGAGCGCTTCOGTCT TAACT GAAGEAGT 1A AGCAATCAGATCTTCCTTE
Bgtll
2201 | AGGTTATGACCATCTGTGCCAGTTCGTAAT GTCTGGTCAACTTTCCGACTCTAGARACTTCTGOARTCACTAGAGAAT I TCTGRAATGGATTCAGEAS

2301 TGGACAGAAécACAccc;ArhnmrscAi'cTGTCAAAAénanccATi{'rcucan&AccrcnArhncﬂu‘réncrrmrrAccnﬂnr"r

2401 AACTTCTCCTAGTATTAGTARTTATCATGOCTGTCATGGCGEATTAACGEART AAAGGGTGTGCT T AAAT CGGGCCAT TI TGCOT ANTAAGAAMAGGAT

2501 TAATTATGAE}CGAATTGAA'i'TAATAATAA(';GTAATAGAT‘i’TACATTAGAAAATGAAAGG&QAIT1’1’ATG%TGAGAATG{’TACAGI’CTA‘)"CCCGG&‘ATT[‘:
S0 Hpall
2601 | CCAGTCGGGGATATTARAAAGAGTATAGGT TTTTATTGCGATAAACTAGGTTTCACTTTGGTTCACCATGAAGAT GAAT TCGCAGTTCT AATGTGTAATG

2701| AGGTTCGGATTCATCTATGGGAGGCAAGT GATGAAGGCTGGCGETCTCGT AGTAATGATTCACCOGT T TGT ACAGGTGEEGAGTCGTTTATTGETGGTAC ORF124
Hpall

2801 | TGCTAGTTGCCGCATTGAAGTAGAGGGAAT TGATGAATTATATCAACATATT AAGCCTTTGOGCAT 1T TGCACCCCAATACATCATT AAARGATCAGTGE
Mbal

2901 TGGGATGAA&GAGAc*rTTcéAcnAm.\rf:cccACAACARﬂFGATTAG{‘rTTTTTCAAEAAArAAAAAéCTAAAATCTAnATnnci'r.ﬂcmcui
Mbo !

3001 CGGGCGCGATTGTGAATAAAAGAT ACGAGAGACCTCTCTIGTATCTTTTITATT TTGAGTGAT TTTGTCEGTTACACT AGAAAACCGAAAGACAAT ARAA BA3

3101 ATTTTATTCTTGETGAGTCTGGCTTTCGRT AAGCTAGACAAAACGGACARAATAAAAATT GGCAAGGAT T T AAAGGTGGAGATT TTT TGAGTGATETTCT
Mbol
3201 CAAAAAATACTACCTGTCCETTGCTGATTTTTAAACGAGCACGAGAGCARAACCCCCCTTTGCTGAGGTEGCAGAGGGCAGAT TTTTTTETTICTITTI

3301 CTCGTAAAAAAAAGAAAGGTCTTAAAGGTTTTATGGTTTTGATCGGCACCGACAGCCTCECAGGACACACACT T ATGAATATARAGTATAGTGTGTTAT

3401 ACTTTACTTGGAAGTGGTTGCCGGAAAGAGCGARAATGCETCACATTTGTGCCACCT AMAAAGGAGCGATTTACATATGAGT TATGCAGTTTGT AGAAGE
Hpall

3501 AAAAAGTGAAATCAGCTG
Pyull

Fig.3. Nucleotide sequence of a larger Eco R1-Pvull fragment of pUBL10. The nucleotide
number 1 is Eco RI site as in Fig. 1. Open reading frames (ORFs) are boxed. Possible SD
sequence (binding region to ribosome) for each ORF is underlined. kan, kanamycin-resistant gene ;
7ep?, essential gene for autonomous replication of pUB110 predicted from this study ; BA3, Mbo I
fragment (N0.2928-3195).
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v—2. (ORF, EH%2— 3% Z L I A[REL BB T)
EROHTZIENTE, a5 3HDORFIZOWT
BWFhy 20BI P ORIV RY —4 L D#
EES(SD BF)) 2R 2 Z LM TE. HED Taq

Table 1. Plasmid transformation of 7ecE* and
recE~ recipients

Recipients (Number of transformants
Plasmid /ug plasmid DNA)

DNA  CRK3000 BDI70 CRK3006 BD224 PSLI
pMSI02 4870 5660 900 1210 590
pSM19 32900 3480 567 1190 740
pSMI103 700 2670 157 180 10
pSM132 219 123 0 0 0
pSMI01 402 132 0 0 0
pSMI109 210 72 0 0 0
pSMI39 314 13 0 0 0
pSMI393 3790 3880 262 572 370

The plasmid transformation method described by
Dubnau et al* 1 was used. CRK3000 and BD170
are recE* strains and other three strains are recE-

I (No.171)-Hpa II (No.1801) 1631 bp WA iz 303
TI/BE2~FLELZO0RFBELEL T, L
LYUIMIC L D ECEBEE R % 2D Taq 1 &%
(N0.662, N0.1103) i3\ s 9°h & 2 2 — RNz 7
FELTWABDTIDORF 2 rep BIETFTHB LES
5N 5,

UL L7%aads, pUBLI0 OEBIO S/ MES 2 hET
LD F—r L TRV pNO2 i Z D %R B
FEHE LD pUBLIOFEEDDNA ELTHF w4 &
IR ETF (kan BIET) DHIC £ O THES O
B2% (No.3134 @ Alu I&R(ET) 2HL T3 L&
Zo6Nd, B3I RT LI, ZOESITIE ORF124
 in vitro THIRIR & DREEESENED s Tn s
BA3 #8150 (Mbo I DNA WiF, No.2928-3195) ®—
HMREEhTWE, 20752 NOERICIE 7S 2
2 F DNA OHIfEBE~ORENBEETH 2 LRE SR
TWwasDT, pNO2IZEE L Tvr3 BA3 B 0 —5F
* ORF124 85 FEY % pUBLI0 D B ERIc L8
TRWEMET DI LIRTER Y, 22T, ZOME
ERERT BT F R 3 P pMS102 % S [BEE %

— -
BA3 [ORFIZL ] CEe

3500 300 2500 oMS102

Sall  BamHI Pvull HpaIl Mbol MboIMboIHpaIlHpall Bglll
T T T T T T T PSS
Vo o e e < pSMI03
3279L SM1az

T P
T = — 1 PSMIO!
U X pSMI09

2937

—_— pSMI3g
e : pSMI393

pUB110

EcoRI

Fig. 4. Map of plasmids with deletions in BA3 region.
Deletions were created by digestion with Bal3l from Bam H 1 site of pMS102". Thick and thin
lines represent the sequence of pUB110 and pBR322 respectively. Broken lines are the sequences
deleted by Bal 31. Sal I linkers indicated by triangle were inserted into end-points of the deletion.

Arrows indicate the directions of ORFs.

Nucleotide number of end-point of deletion of each

plasmid was determined by sequencing each Sal I-Bgl II fragment from Sal I site to Bgl 11 site

with M13 dideoxy chain termination method.
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Bam HI TYIWi1& Bal 31 2 {Ef & ¥, L& 2 4A80C
RAWRTE I RBROREEET S 75 A3 F e
ML, ENDSDTS R PO B subtilis o83 383
HEAEEMA L, REBENBL KRS, L4
BRI ELbN TV 752 3 F pSMI30 T H
FITRL 72 & 512 CRK30004TH F <4 & > D
PHERE SN, GOEMEEEL2bIE LT
w07 - T, ORF1I24 BEFEWR U BA3 4
B33 pUBLI0 0 E R LER & D Tt A
LG T2,

II. 7922 N2k 2 B subtilis WEESERD

ZR

B7IAIFOHCHEMES A~ AR CHEER
HEEETB3ELADTS A ND B, subkilis TE i
EHICEDDD Z L nRBuHank, Tabs, #i
AU E DI CRKI000 A ZARE L LE, 27
D77 A3 K (pMS102'E pSM19) T 1 — 2 ug D7
ZAIFNDNABMLD A0 LUEDH F~ 1 v ittt
BEEEERB N0 L, pSM103 TiE kiR 2
BOMIL/6IC, $7 48075 2 3 F (pSM132,
pSM101, pSM109, pSM139) Tix 1/10 LLF Dl iz (&
TULZ%. 22T, IO B subtilis TR GEiaE 1o g
ZRIELI:TF A3 F DNA OEBEFH~2 -1z 1
LEDRKETT R 2 FORERT & %% DELET|
FRET 22k DRD7z, MATRLEEL S,
BHEBIEEOBETRNAONIZ 4ABO 7S5 2 3 F TR
VTN Y EDOREKS BASHEBEANICRATLE, 20
& & pBRI2Z2FINDRKAPRE L BEREGEMET &
ORICRFEAMKEREsohZ DT, ZOES
pPBR322 DEFIHEEE L T a Lz 212\, 75
AL F DNAC & 3 B subtilis DRI 513 465
EDNA WL DA LIERR Y recE BIETFEWA O
BELALIEDHoNTLE, ORI
BL Tk & RREAL fas 2 2, SEB L S
N7z 2 OREHEIEHE FTRE L reck BETEYIC
KET20ESI0RET 2017 3O recE-Hr 2
FEELTHY, 2OBEERESE 2~ 7,
B EHH B 2 CRK3000 8 & 2 7% 2 B 0 recE+#k
BDIT0 #2FRE L THO T L HBEORE,NE S 11
e o T, ZOEMIETERSKE CRK3000 #icisa 0
SO Tk, 38D recE-# (CRK3006, BD224,
PSLY) &M 723581, recE BRIC HE~ THINHE o 2
R L, 8512 BASSEBORE S
CHEMETHRIFLSBASNS L 2BEL-,
RiZ, BA3 82T B EHE ORI b - T
5 2L REEHT 372002, BA3 4% U ORF124 3815
TERRBICE->TWE TR 3 F pSMI39 12572 12

BA3SE 2 &L 662bp » Hpa 1M K 2 BAL 12
7 A3 N pSMI1393 #1E 8L (M 4), ZDFF R K
O B subtilis WEETHRIEEEHIZE L1, 208, &
KRLAEI S HORBHEOLTR 2RV T A BE
EREREIHR TS 22 K ThH 5B pMS102 & 12 IZ R
DY NMZETEELR, #-T, pUBLIO #H
B. subtilis DIEEGRMBIZHET 2 75 2 3 PO
HAFEL2< £ BASER S 1 540 bp (No.2764-
3303) DHEBMAKTEEL T 3,

I, 7323 K0 B subtilis 12413 5ReH

77 A 2 F pUBLI0 O % BB 44815 1631 bp % &
CHBEOZVTI R FpNO2ZEAL TELA
7277 X R B sublilis CBWTHBEEMNTE 2
£ otent, FREFRETIOSSR I PO
H Uz B. subtilis {180 HIESES EETER, &
CBH, ZD & EAWI: pNO2 i B. subtilis O E
PEEICBR T 5 BASSERO 2 REL T 3,
% IT, BASHBRORKBRECEL 2 B. subtilis 5
HInENE TRRIE 7 J R 3 K OB Rt
BELTOUIDODL ARV EELT, £F5 23 F
D B. subtilis 2813 2 REMEMH L7z, W5 1270
ek, 323 F2&EE L T 3 CRK3000
(recE*) PREJEBREEM T 37°C, 26 BERIREH L 7o 48
&, pUB110 28 10026 DREXER LDt L, BA3
BB RENRATHS 2O 75 A 3 F (pSM132
& pSM139) TRIE LA XD B. subtilis a1 7> 2
SREZR-TOR, &7, BEEHREHETHA SR

——
10 20 30 (nm)
Time of cultivation

Fig.5. Stability of various plasmids in recE* cells.
Cells containing pUB110 or each one of its
derivatives were grown on a kanamycin (Km)-
containing agar medium and then grown on a
Km-free medium at 37°C for indicated times,
Percent of Km-resistant (Km") cells was deter-
mined by examining 40 colonies appeared in Km-
free agar plates. O0—0, pUBILW); o—n,
pSM19; ¢©—o, pSM103; *—%, pSM132;
A—A, pSM139; = —m, pSM1393.
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Biro e 7T AL K pSM19 BT OIEMHE T NEZE
4172 pSM103 K Ui 7242 BA3 488 % b 2 i ¥ 0
ERRH SN pSMIB D IED 7T R 3 FTiIzw
THY 26 RS EEO 75 R 3 FIRERSH 50% T
Hote, IDEDE, BEEEEEOETLEENE
BANLTIAL R TRBIEEEEDET R UEE
Roon, TOMEOMICIEEEOS 2 Z b
o7z, Bal 31 T BA3ESICES - THI D AA T
B L7 pSM103 & #7712 BASHEE 2 S O 2 /A
L TR L 72 pSM1393 A DR E M (26 B T
50%) #mL7:DT, M7 A3 FOREFEER (K
4) »oE 2T, pUBLI0 D B. subtilis 2B 3RE
HeRFIZER S BES L TW B RT3 BA3 S 2 & 1 516
bp (N0.2764-3279) iICTFEEL T3 L EZ 5N b, o
T, PEGEREEHETHRREFERC I X I FORE
R b BASHHEOBESHEE L TWwi L Ebh
L. 32T, COEBTEY ) BEBEERE LI LD

, H6WRLIEICHEDR T h— L — THEEH
ﬁﬁrﬁ_fﬁbf})of:. Ltnd, B subtilis TIEE WA E
ETH-7 77 A3 F (pSM132, pSM139) TIREZ D
AT h—N— TR RENRA TV,

V. 7323 FHFHO B

#7523 FTH5pUBLLO I3 B subtilis HEEI
BOTHLODPFEET DN, 22T, EHERTHVR
2 780D pUBIL10 358 A& (pSM132 & pSM139) DA%
%ﬁu:t OB L BAIREENEZOND, &

AEEREERE T A0, 7T AINERBELTCYL

1@@&@B¢wmsM@weDNA%m&b,%
D7F A F DNA #EELBRRET LI, R7ICRL

pSH109—

k2w, HEYIAINTEE I A2 K pUBLLO 2
Lo —#AuEINL Tuw b 23, BASHO KL (7
AL FDTEEL) k3 a8 —ROBIIIEEX
ninot:, ZOREERLTLOEETIZR VLN,
SHEDKRETTI A I FDIE—HIZTD pUBLLD Iz
HLEDZOERIH > THHRL T a7,

% =

S. aureus KT B. subtilis 123> T & HEHHEATRE 72
EHIWMME 77 A 2 FpUBLI0O 0 B CEEC LB 428
% & tr 3518 bp OBILFHERL # RNIHZETH S LI
REHECL TR ITHEAMCRDb L.

¥, IOFI A RFOECEBICLERESE

(ORI/REP, 1631 bp) OffFT#ER 1 &, Z OB
R &7z ORFIBBEEFIXESEHMIc LT L
REPEHA2I-F 3 3HEFTHLLEZ SN,
rep BIEFTH D I EOEBHARAIZ E 22 3T
Z\hd, DNAFAEEICELT 2 I8UMAT 3 /B
BEFPPON Z OB TEMIC LD o2 EORE L H
N, rep BIZFTH 2 AREEN G, /2, ZDT7T
A 2 F ORI Mbo YWz (N0.1077, X 3) 3T
SHBBAT 2 Z LIS T B8, AR TOIE
ERFIRE ORR, Z OUIWEAIIE ORF303 BT W
WHEL TWwE ZENHESM e #oT,
pUB110 DE&IE rep BIETHE»HHE 2 2 LN T
Manz, Fk4 ORI/REP OEIEAY S, aureus 5
HEES AT FIY A7) VTS A 2 K pTI8l
WKWBWTHEENLTHLED,

B 8L 7z BA3 83 in vitro T B. subtilis

2800 GTGGGATGAACGAGACTTTGCAGTAATGATCCCGACAACAATT GATTAéCTTTTTTCAACAAATeAAAAGCTAAAATC}ATTATTAAT(..’IGTTCAGCA!.\

Mbol
psMI0]

3uo00 TCfGGCGCEATTGTGAATAEQAGATACGA&AGQCE?CTCiTGTATCTTT+TTATTTTGA&TGGTTTTGTéCGTTACACTAGAAAACCGAAAGACAATAAA

pSM132

3100 f;TTTTATTCTTGCTGAGTCTGGCTTTCGGTAAGCTAGACAAAACGGACAAAATAAAAATTGb AGGGTTTAAAGGTGGAGATTTTTTGAQTGATCTT
L

b ——1

Mbol

pSH10

3200 TCAAAAAATACTACCTGTCCCTTGCTGATTTTTAAACQAGCACGAGAGCAAAACCCCCCTTTGCTGAQ&%GGCAGAGG GGTTTTTTTGTTTCTTTTT

H H 1

pSH1

C— 1 1

3300 T;-&rm AAAAAGAAAGGTCTTAAAGGTTTTATGGTTTTGGTCGGCACCGACAGCCTCGCAGGACACACACTTTATGAATATAAAGTATAGTGTGTTA

Fig. 6. Nucleotide sequence of BA3 region.

Two thick arrows facing each other indicate the sequences complementary to each other and are
possible to form a stem structure. Boxed sequence is a part of ORF124. Each plasmid contains

the sequence left-side of vertical line.
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fUlR = O EESE 2B T3 Mbo I DNAKTE L T
Huthahz8Td s, 20 BA3SEE KU ORF124
BEFEYIZHC pUBLI0 0O ERIC I LE Ty
Motz & 25, BASHEIL 7S A I FOREN
B. subtilis ToEEHIEMHIC K S R B8 L2 RIFT 2 e n
AL DD THEHS LR -T2, Ldd, Z0%E
BICRBHEDR T A— 1 — FHEESHRATETH D,
COMBICREN RSB E TSR I R B sublilis iZ
BOTHEBCREEL R -7, 2O Eds, DR
T =L —THEE S pUBLL0 O %258 HEF5 1o 88 5 o 4k
REAERLTWBEEZONS, E coli BT L4227
7 A 3 N pSCL0I®% B. subtilis i 5\ T HERE AT 4 72
TZAI R pCIMPPIC BT HFEREICA T A—L—F
WENEDOTZA I FOEERICES L T3 LR
BTV, &7, pSCI0L TIRAF 22—V — g »
BT 2 part (REMIFEEELED) 772 8 Pzl

123 4 557800

Fig.7. Approximate copy number of pUBI110
derivatives with deletions in BA3 region.
RecE™* transformants with various plasmids were
grown in a Km medium. Whole DNA was
prepared from approximately equal number of
cells and digested with Eco R 1. Linear plasmid
DNAs were separated in agarose gel to estimate
the amount by ethidium bromide staining. Each
lane is pUBL10, 1; pMS102’, 2: pSM19, 3:
pSM103, 4; pSM132, 5; pSM101. 6 ; pSM109, 7
pSM139, 8; pSM1393, 9; and pMS102'B7, 10,
respectively. pMS102B7 DNA was extracted
from E. coli and used as a size marker.

HBEDQFHEICHH SN T B8, par- 75 R 3 K 3
SYEICHIE SN AW I L b MESN TV 329, BA3HE
BICHEEE: oEEEsED ohd I b s,
pUBLI0 & ZDOHFMETFET 2R 7 A—N— TS
NLMEEADERIC L > TRERHBIN TS
DrdH LI, RO REMEREN E. coli #T8E
E4 275X FFORRERLS “N—F 4 V-
LYETFNELTEZLNTNBY, ZOEFALTH,
#0777 A3 FDNA LR R EERS (19—
F—8GD) EHEOREFICI— FIRTH2EED
BEAVEESEREERL, TOBEEESE & il
BEL (=T 4V=2), BRENLLTT R IR
DNA-ZF(\ - MlaEE & 413 2l oxa Lk, M
fEREE D MRS THMs N, 2 EORIIIT~ S
WHAEER T EEZ SN T3, pUBLL0 O 4HE
BIDR=F 4V~ AETMZRES £ 1id, BA3SE
BICROWHENT AT L— N — PRI S — 5 — R
WAHY T B £E 2 50 B, £72, pUBLI0 ® Bam HI -
Eco RIfESE (£7700bp) 21k ORFB,y @ 2 Fio@E
FOBEET 2 &2 OEBEEIH S5REL I TE H2Y
(E18), &b AR TAWE 7S A3 F pSMIL9
(BA3 B 2H L T\W523, ORFB,y #R\T\3)
BE 72 A 3 N pUBLI0 TERE S L1z 100% DL EHE
EREEHDIDT, 2D ORFA,y i3/ S— ¥ —Fjfis &
BELTT A N R2LELTIRFTHEODH L
v, Bl 22 75 2 3 F pCl94 DREMHERFIZ b 2

1.5

3.0
BA3
20 gy ‘ /
ORFI124
kon (14.0K)

(28.7K)

ORF303
(rep?)
(36.4K) 10
pUBIIO
\ (4.5Kbp)

Fig.8. A circular map of pUB110.
A minimum fragment essential for autonomous
replication shown in Fig. 2 is presented by ORI/
REP. Arrows are ORFs shown in Fig.3. The
region whose nucleotide sequence has not been
reported is indicated by broken line. ORFg and
vy are suggested by Mckenzie et al'®.
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T A= L—TREEOMICEROME R TR AN T L
3,

pUBII0 @ BASHHBIZZ D 75 R 3 P OREHR
WBETH B & FARIC B sublilis DTG EERIREEI &
RESEE L, KPFETRTIRAI PORER LT
HEEE oIz RO EBEsE s e, pClod T3
AT L—N—7HEDEMICED 73R 3 FgEEIC
TREEICZ > bhrhb o T, HEERIEEOET
BB S NL 07, 5T, 2 OTHHRS % Bl
UDid3zrikTEnwn, REDO L3, KfETHE
SN B subtilis BEEBREEHETHRSOERIT
FZo&D e LAws, B sublilis BIF270—=>
IR —ELTOBEA»S A2 L, ZOBEKIEE
REWREEATWS, T2bb, B subtilis BEFOD
70—y ERA-BEEZEHE LTHVIES,
RBIEANDEARAL T 27201 recE- B2 HE L
RUNERSRWE, FOIu—= L IHERF LT
BTk ¥ —DNA W BASSER 2N 3 1 E
Wb b,

#® E

L. B subtilis B\ CHETRER D <4 ¥ Ui
P72 2 2 F pUBLL0 0 B SR IC S E 2 HAE 13 5
SRR EE L IS EENICIE ENE LR _ M
7o, BERFIREOER, ZOHEBMNIIZ 3037 3.
BREa-—FI3BEFHRVESH, C0BAD
pUBII0 D HEHBIC /L EL REPEETH 2 L E 2
shiz,

2. pUBLI0 75 R & ¥ DNA Zi& B, subtilis iz %
U REMMRCREN IS T 2 Em N EE L., 7
Nk B, subtilis MMM : O BEESES S E T 2885
BUSI6RENL SR 2R TH o2, 7 DEERT
DEFEF»S, ZOBRRIIEE:2—F T 2BEFH
R¥o¥, BEREEEEOH2FERICEBED R F A —
N—TEENTER T T h o7, 2 LT, DR F L—
N—THERER L bID 7T X 3 PRI FRSE
Loz,

3. pUBLI0 DEEMRRICLBETH 72 2D 7 I X
& F DNA 883 & 72 FBSIC B. subtilis #5% k {2
BERESR 2D DETH -7,

i B
MERX DD, WEE, HREEE - 5B
CEEG LR T, £, RIABYZESREES LA
RAFBEZRBEFHRED T N ERERE L, WOTER
KREH AR EMWEHFISAICE BBz Lk 7,
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Abstract

A kanamycin-resistant plasmid pUB110 isolated from Staphylococcus aureus can propagate
in Bacillus subtilis cells. To study the mechanism of initiation of replication and partition of the
plasmid, plasmids lacking various portions of the genome were constructed and the ability of
autonomous replication, transformability and stability were measured in B. subtilis. A Taql-
Hpall fragment composed of 1631 base pairs containing the origjn of replication was identified
as the minimum region essential for replication. Determination of the nucleotide sequence of
this fragment showed an open reading frame (ORF) coding for 303 amino acids. Cleavage of two
Tagl sites located within the ORF caused inactivation of the ability of autonomous replication,
suggesting that the ORF corresponds to a gene for a protein required for autonomous replication
of pUB110. Several deletion plasmids were created by the treatment with Bal31 nuclease to test
their stability in B. subtilis. Among them two, which lack a complete Mbol fragment (BA3
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region) containing the binding activity with cell membrane as reported previously, are less stable
in B, subtilis. Moreover, it has been that several possible stem-loop structures are formed in the
nucléotide sequence of BA3 region and a part or all of these structures are absent in the unstable
plasmids. Transforming activities for B. subtilis by the plasmids lacking the BA3 region were
reduced to lower than 1/10 of those by other plasmids. Moreover, when a fragment containing
BA3 region was inserted back into a plasmid lacking the same region, not only the transform-
ability but also the stability of the plasmid was recovered. These results indicate clearly that
BA3 region containing possible stem-loop structures is essential for both stable maintenance of
pUB110 and efficient plasmid transformation in B. subtilis. Moreover, when three recombi-
nation-deficient (recE") strains were used as recipients for transformation by the plasmids without
BA3 region, the degree of the decrease in transforming activity was more remarkable than that
observed in recE™ strains. This indicates the importance of the BA3 region in constructing new
cloning vectors from pUB110 to be used in B. subtilis.




