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Table 1. Bacterial strains and plasmids.
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Strains and

Plasmids Descriptions

S. aureus DHI1
B. subtilis BD170
E. coli HB101

Original host of pSBK203 (4)

thrs rpC2. Transformable host for plasmids (7)

F~ recAl3 aral4 proA2 galK2. Transformable host for plasmids

F' thi supE44 proAB lacFZAMIS5 A (srl-rec)306::Tnl0. Transformable

Low-copy mutant pSBK203; 3bp added at Xbal site (this work)
High-copy mutant pSBK203; 2bp deleted at Xbal site (this work)
High-copy mutant pSBK203; 3bp deleted at Xbal site (this work)

MV1190
host for plasmids
Plasmids
pSBK203 Original plasmid for this study (4)
pHW33 E. coli-B. subtilis shuttle vector (12)
pBK424 E. coli-B. subtilis shuttle vector (12)
pSR203 ‘HindIII-B fragment of pSBK203 deleted plasmid (17)
pSR18 pSBK203::pUC119 recombinant plasmid (17)
pSR28 pSBK203::pUC119 recombinant plasmid (17)
pSR204
pSR205
pSR206
pSR207

High-copy mutant pSBK203; 8bp deleted at Xbal site (this work)
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Fig. 1. Genetic organization of copy control region of
pSBK203.

Hindl11 3600
546  AAGCTTTTGAGAATTTTATAGCAAGTAAGTATGTACTTGGTGTTTTAGTAGTTTTAACTGTTTA

3650
OCAGATAATACAAATGCTTAAATAAAAAAAGACCTGATCTGATTAGACCAAGTCTTTTGATAGTGTTATA
3700 3750
TTAATAACAMAATAAAAAGAAGTCGCTCACTCOCTOGOCAAAGTTTGTGATAGCGACTTACCTAGAAAAA
1(Xbal }
ACACTAAGTTGTTTTTTTATATCTTGTATATCTAGATATTAAACGATATAAGTTTATTCTTCAAGATATA

50 100
TATTCGGGTGAGOGACTTCTTAAATTAAATTAAGGAGTTGTTTTTTTATGATTAAAAAAGCAGAAGAAAT
Hindl11
TCAGGCAAAACAAAGCTT 129

Fig. 2. Nucleotide sequence of cop region containing
Hindlll-C fragment of pSBK203.
Bases are numbered from the Xbal (3.78 kb
coordinate of pSBK203) as position 1.

591 vpgell Q)= E18E o] F-9j7h &Aghs
7% plasmid®] HAl7]5el o]4te] x| %ich pSR
203& Hindlll B¢} DAHE ZAAF plasmid 24
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3700

pSBK203 3685 ACAAAA-T--AAAAAGAAGTCGCTCACTCC---CTcGCCAAAGTTT--GTGAtaGCGAC-TT
pT181 339  ACAAAA-T--AAAAAGQAGTCGCTCACGCC-~~CTGACCAAAGTTT--GTGAA--CGAC-AT
pC221 1017  ACAcAAATaaAAAAAGAAGTCGLTCACcCCaaaCcGACCAAAGTTTLcGTGAA-~CGAC-Aa
pS194 3148 AAAAACAC--AAAAAGAAGTCGCTCACTCC---CTGACCAAAGTTT--GTGAALGCGAC-TT
pC223 667 AAcAAAGT--AAAAAGAAGTCGCTCACTCC---CTagCCAAAGTTT--GTGAtaGCGAC-TT
pUB112 1084 AAACAAAT--AAAAAGAAGTCGtcCACTCC---CcGACCAAAGTTT--GTGgA-aCGACCAT

————————————— > TARGET LOOP e

3750 1
pSBK203 ACCT-A--GAAAAAa-cAcTAaGTTgTTTTTtTatA-TcTTGTATATCTAGATATTAAAC-GATAT
pT181 catTcAAAGAAAAARACACTgaGT-TgTTTTtATAA-TcTTGTATATtTAGATATTAAAC-GATAT
pC221 tCCT-AAAtAAAAtataAaGAgtTaTgTTTTaTTAATTTTTGTATATCTAGATATTAAAC-GATAT
pS194 ACCTtAAAGAAAAACAGETGGTGTTTTT-TTcTTAATTTTTGTATATCTAGATATTAAACLGATAT
pC223 ACCTtAAAGAAAAACAGLTGATGTTTTTgTTcTTAA--TTTGTATATCTAGATATTAAAC-GATAT
pUB112 ACC—-AAAtAt--ACLGATTATGT-TaT-TTg-TAATTTTTGTATAat TAGATATTAAAC-GATAT
(-10 )
50
pSBK203 -AaGTTTATTCTTCAAGATATATATTC————um- GGGTGAGCGACTTCTTAAA-———- TT-AAATT
pT181 Ttaaa-TATaCaTCAAGATATATATTT--~-——- GGGTGAGCGAtTcCTTAAAcgaaaTTgAQATT
pC221 -AgGTTTATTCTTCAAGATATATATTT-—————— GGGTGAGCGACTTCTTAAA~~~—- Tc—-AAATT
pS194 T-gGTTTATTCTTCAAGATATATATTc——~~——~ GGGTGAGCGACTTCTTtAA-—-~-ac-AAAaT
pC223 TA-GTTTATTCTTCAAGATATATATTc————m—~ GGGTGAGCGACTTCTTAAA-~~—- TT-AAATT
pUB112 Tt—GaTTAT?CTTEAACATtTAcATTTgacgattGGGTGgaCGACTTCTTAA ————————— AAATT
=35 Yy T >
anti SD seq.
pSBK203 AAGGAGTEGLTTTTTT-ATG 90
pT181 AAGGAGTCGATTTTTT-ATG 149
pC221 AAGGAGTCGATTTTTT-ATG 1204
pS194 AAGGAGTCGATTTTTT-ATG 3373
pC223 AAGGAGTCGATTTTTT-ATG 481
pUB112 AAGGAGTCGATTTTTTLATG 1273
< —————————— ===
SD seq Rep start codon

Fig. 3. The untranslated Jeader region of the proposed Rep mANAs for pSBK203, pT181, pC221, pS194. pC223,
and pUB112 were aligned on the basis of homologres.
The —10 and —35 sequences for the counter transcript RNA (cop) are indicated as well as anti-SD,

SD, and target loop of the Rep mRNAs.

4 750 HArelait)h. ¢} plasmidel A HindIIl C
AAvtx] A<, Hindlll A B399 plasmide
HAARA 7} QX2 gtz o] AHE #2], pBR
322 F2032 § vectorol] AEFA)A JL pHW33
o} 75X E coli WollXe} 2] B subtilisell
HMe FAABA7L QAR 2] ebgpr) olo} uvlE)
Hindlll CAHYY] di¥-3& Egshe AANS a7
S48 vectord] ANZ§FA17 pBK424+ Bacillus W
oA AAFHQ copyTE FAEATH(17). ©] Xbal
oA RE E3she Hindlll C Al 24 24
A 47 EAES #ql o] AH-g ¥, clon-
ingdte] 1 971Mde AAsdo) (Fig 1. 2).
HIIMEe 454 diw

S. aureusol A ¥-2]¥ R-plasmidE F pTI181F

%3 plasmid59 BA =" B9 GriMdL
pSBK2032] Zx} ulmslel AHEAe] £ 714
7)1¢o2 g4 7e| Fig 3°lctk Rep protein] i
=& $1% ribosome ZgH-31 (SD sequence): o=
plasmidel v} & ®EHo] 9l& #mk ohg o
Aol olF Mozt AdRd AYE: ¥ e A4
S AwahukXEA 9 (inverted repeat sequence))
anti-SDXE FEH 22 ¥EE9 glrl. Rep mRNA%}
oupgko 2ol HALE 913 promoter ¥-3EE BE
Aol a2 FAsA el gl

pSBK203 rep 72 42t G gde olv] A
A=lo] Wb g vl Al=ol o) rep & L) leader

RSl rep WA AT ddbge 2l A

A& $18 promoter F-$17} EA03L 9l o] 919
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Table 2. Base sequences, construction procedure, and the copy number of pSBK203 and of its Xbal site modified

derivatives

Plasmid Base Sequence’ Description Construction Copy No.

pSBK203 5" TIGTATATCTAGATATTAAA 3’ 20+ 2
3" AACATATAGATCTATAATIT 5

pSR204 5" TTGTATATCTactAGATATTAAA ¥ +ACT dNTP + Klenow 6+ 2
3" AACATATAGAtgaTCTATAATTT 5’ —>ligation

pSR205 5" TTGTATATCGATATTAAA 3’ —-TA S1 nuclease 120+ 10
3" AACATATAGCTATAATTT &' —ligation

pSR206 5" TTGTATATGATATTAAA 3’ —CTA S1 nuclease 90+ 10
3" AACATATACTATAATTT 5’ ; —ligation

pSR207 5" TTGTATATTAAA ¥ —TCTAGATA Sl nuclease 90+ 10
3" AACATATAATTT ¥’ —>ligation

“Bold characters, Xbal recognition sequence in pSBK203

d7149ge] pTI81 F< e} plasmid £ AE=
3 AHEAdE BFa glolA o] plasmidell A
#2531 9l+ counter transcriptel] 2% Rep w3
4 2471211)°] pSBK203¢] 7toll= H4d ¢
g Ao Azt pTI81= plasmidel pTI81s}
pC2212] cop H912b b wbEREjelA 27
zel7h 71w st A71M DL 7 83%, 78%2 ¥
A5A4E Jea ik
Copy ¥0|Fe 5, &2 ¥ copys EH
XbalZ pSBK203Wj9] °] &4 wd <AAFHE
At ¥ AdF4 #92 SI nuclease2 &} A
%2 Klenow 248 A F =2 AZF3 974
A WA ZE ol FES ddor ol s
FAARN FFE24E o}A] plasmidg Feldhe
#HAo A plasmid®] copyT W3 WHolFES A
stodel. doiAl ol FEellA Xbal JAF-$ 37]4
do] AAE WstE e = Mzl doiytoid
Aoz o Wizl SJdlRE o] A7149ZEA
#3& Fal GAsoch Aridate] wste ofel
£ copyT% Table 20} viehlglc) pSBK2037}t
A xek ok 20709 plasmid DNA #AE §-A]8=d)
H)3] Xbal AAR-oll -ACT-9] Al 37)%e] A=
Wo|Fql pSR204E A I & 68219 HL copy
FE e Ao Fesla QT Xbal AAF-$ el A
7+7F -TA-. -CTA- 2 -TCTAGATA-2] 714 dEo]
A4£% 4 HolFE<ql pSR205. pSR206. ¥ pSR207
2 pSBK203¢]| wia] w-e. ¥} <F 120, 90, ¥ 90
221 Ax 9 plasmidE 72 high copy HelFER
A= gleh Eelld HedFm gle WelFEe
Xbal H-$loll Ao} 7] a4 Hstel copyFe] 3
WAl o}A Ak siME oA wrh
Er7HAl SHYE RepS Wd x=HJ|P
pSBK2039} FA18k 43 #AL 2t pTISl &
plasmidell 4 A71=| 2 Q)& plasmid copyd 3
71l F E52 RNA ¥4 & rep mRNA #2}¢}
rep mRNA leader sequence $]9] <wkal Haba)ql

antisense RNA #2171 87 Frodshs Aoz deA
ek Fig. 20lA] #4189 target loopE ¢ F
mRNA2] ZA§es Rep 8L 93 SD 449
x23 292 zAGo 2R FIHOL plasmide)
copyTE ZAFA "ol Aot ¥ AYoA %
2% copys WolFESY A =43 F71AG4Y
¥ 3}7} counter transcript®] HAbol] *J &g | HEx
ol Rep mRNA leader sequence®] 2a}FZof
G AR R A FFoxe BAHL
A% F9E Aol

Al Al

2 A7 190¢E 2F dEy-d fAFeA
T2 FeaT A8 ALYEAY  Staphylococcus
aureus DHI|A E=21® plasmid pSBK2034+9]
DNA EA & rep 1A Hdel A A7)0l
o3t} FPEL.

= U S |

1. Alonso, J.C. and R.H. Tailor, 1987. Identification
of plasmid pC194 replication and its control in
Bacillus subtilis. Mol Gen. Gener. 210, 476-484.

2. Bargonetti, J., P.-Z. Wang, and R.P. Novick, 1993.
Measurement of gene expression by translational
coupling: Effect of copy mutant on pTI181
initiator synthesis. EMBO J 12, 3659-3667.

3. Brantl, S., E. Birch-Hilschfeld, and D. Behnke,
1993. RepR protein expression on plasmid pIP501
is controlled by an anti§ense RNA-mediated
transcription attenuation mechanism. J. Bacteriol.
175, 4052-4061.

4. Byeon, W.-H., Y.S. Kim, E.H. Cho, D.H. Kwon,
H.Z. Lea, and S.J. Hong, 1985. R-Plasmids in
Staphylococcus aureus. Kor. J. Microbiol. 23, 282-
290.

5. del Solar, G. and M. Espinosa, 1992. The copy



Vol 32, 1994

10.

1.

12.

13.

number of plasmid pLS1 is regulated by two
trans-acting plasmid products: The antisense
RNAII and the repressor protein. RepA.
Molecular Microbiol. 6. 83-94.

. del Solar, G.H., A.G. dela Campa, J. Perez-Martin,

T. Choli, and M. Espinosa, 1989. Purification and
characterization of RepA: A pretein involved in
the copy number control of plasmid pLS1. Nucl
Acids Res. 17, 2405-2420.

. Dubnau, D., R. Davidoff-Abelson, B. Scher, and

C. Cirigliano, 1973. Fate of transforming deoxy-
ribonucleic acid after uptake by competent
Bacillus subtilis: Phenotypic characterization of
rediation-sensitive recombination deficient
mutants. J. Bacteriol. 114, 273-286.

. Grindley, N.D.F., J.N. Grindley, and W.S, Kelley,

1978. Mutant plasmid with altered replication
control. p.71. In D. Schlessinger (ed.), Micro-
biology-1978. American Society for Microbiology.
Washington, D.C.

. Gryczan, T., J. Hahn, S. Contente, and D. Dubnau,

1982. Replication and incompatibility properties
of plasmid pE194 in Bacillus subtilis. J. Bacteriol.
152, 722-735.

Khan, S.A. and R.P. Novick, 1983. Complete
nucleotide - sequence of pTI181: A tetracyclin-
resistance plasmid from Staphylococcus aureus.
Plasmid 10, 251-259.

Kumar, C.C. and R.P. Novick, 1985. Plasmid pT
181 replication is regulated by two counter-
transcripts. Proc. Natl. Acad. Sci. USA 82, 638-642.
Kwon, D.H., J.D. Suk, and W.-H. Byeon, 1987.
Cloning of ori region of R-plasmid pSBK203 and
construction of new shuttle-vector for E. coli and
Bacillus subtilis using cloned fragment. Kor. J.
Microbiol. 25, 262-273.

Maciag, LE., J. Viret, and J.C. Alonso, 1988.
Replication and incompatibility properties of
plasmid pUBI110 in Bacillus subtilis. Mol. Gen.
Genet. 212, 232-240.

cop Gene of R-Plasmid pSBK203 Isolated from S. aureus

14.
15

16.

119

Novick, R.P., 1987. Plasmid
Microbiol. Rev. 51, 381-395.
Novick, R.P., 1989. Staphylococcal plasmids and
their replication. 4nn. Rev. Microbio! 43. 537-565
Ohman, M. and G.H. Wagner, 1991. Regulation
of replication of plasmid R1: An analysis of the
intergenic region between copA and repA. Mol
Gen. Gener. 230, 321-328.

incompatibility.

. Park, S.-M., D.-H. Kwon, and W.-H. Byeon, 1993.

Cloning and base sequence determination of
replication initiation gene (rep) isolated from
Staphylococcus aureus DH1 R-plasmid pSBK203.
Kor. J. Microbiol. 31, 44-47.

. Projan, S.J., S. Carleton, and R.P. Novick, 1983.

Determination of plasmid copy number by
fluorescence densitometry. Plasmid 9, 182-190.

. Projan, S.J., J. Kornblum, S.L. Moghazeh, 1.

Edelman, M.L. Gennaro, and R.P. Novick, 1985.
Comparative sequence and functional analysis of
pT181 and pC221: Cognate plasmid replication
from Staphylococcus aureus. Mol. Gen. Genet. 199,
452-464.

20. Projan, S.J. and R.P. Novick, 1988. Comparative

analysis of five related staphylococcal plasmids.
Plasmid 19, 203-221.

. Puyet, A., G.A. del Solar, and M. Espinosa, 1988.

Identification of the origin and direction of
replication of the broad-host range plasmid pLSt.
Nucl. Acids Res. 16, 115-133.

. Sanger, F., S. Nicklen, and A.R. Coulson, 1977.

DNA  sequencing with chain termination
inhibitors. Proc. Natl. Acad. Sci. USA 74. 5463-5467.

23. Xia, G., D. Manen, Y. Yu, and L. Caro, 1993. In

vivo and in wirro studies of a copy number
mutation of the RepA replication protein of
plasmid pSCI101. J. Bateriol. 175. 4165-4175.

(Received February 6, 1994)
(Accepted March 14, 1994)

ABSTRACT: Cloning, Base Sequence Determination and Homology Analysis of Replication
Controlling cop Gene of R-plasmid pSBK203 Isolated from Staphylococcus aureus

DH1

Park, Seung Moon and Woo-Hyeon Byeon* (Department of Microbiology.
Kangweon National University. Chuncheon 200-701, Korea)

Replication control region of pSBK203. a chloramphenicol acetyltransferase conferring
plasmid from Staphylococcus aureus was cloned and its nucleotide sequence has been
determined. Base sequence homology of this copy control region with those of piasmids
belonging to pT181 family was obtained and analyzed. Copy number of four copy mutants
derived by addtion or deletion of nucleotides in unique Xbal recognition site in copy control

region of pSBK203 was also determined.



