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pS194 is a naturally occurring Staphylococcus aureus plasmid encoding streptomycin resistance.
The plasmid has a copy number of about 25 per cell, and belongs to the inc5 incompatibility group.
The nucleotide sequence of pS194 has been determined and consists of 4397 base pairs including
four open reading frames potentially encoding proteins of greater than 100 amino acids. All four of
these reading frames are on the same coding strand. The first reading frame, repE, encodes a 38 kd
protein specifically required for pS194 replication. The second open reading frame, str, encodes a
34 kd polypeptide required for streptomycin resistance, probably a streptomycin adenylyltransferase.
The third potential polypeptide, rix, would be 37 kd and is probably required for relaxation complex
formation and plasmid mobilization by conjugative plasmids. The fourth, orfD, overlapping the rix
reading frame, is potentially 27 kd, and may also be involved in mobilization.

INTRODUCTION

The streptomycin resistance plasmid pS194 was originally obtained from a clinical isolate of Sta-
phylococcus aureus by S. lordanescu (1). It is virtually indistinguishable from the three other
known S. aureus plasmids conferring streptomycin resistance, namely pS169, pS177 and pUB109
(2) and all of these plasmids belong to the incS incompatibility group (2).

On the basis of a variety of observations, it is thought that pS194 belongs to a family of
closely related S. aureus plasmids of which pT181 is the prototype (3). The known members of this
family share considerable base sequence homology (2), have similar overall functional organization
(Projan, et al., in preparation) and replicate via an asymmetric rolling circle mechanism in which
lagging strand initiation occurs only after leading strand replication is complete or nearly complete
(4). They regulate copy number by means of short antisense transcripts that inhibit the translation
of a trans-acting leading strand initiation factor (5).

Previous studies have identified the leading and lagging strand replication origins of pS194
and have demonstrated the existence of a trans-acting leading strand initiation factor, RepE, for this
plasmid (Projan, et al., in preparation). A single regulatory countertranscript has been identified (5)
and the streptomycin resistance determinant has been localized by the finding that interruption of
the plasmid’s unique HindIIl site inactivates resistance (6).

All of the Sm' plasmids of the pS194 type form relaxation complexes (7) which are involved
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Figure 1. Physcial map of pS194. Restriction sites indicated are predicted from the nucleotide
sequence. repE is the gene for the plasmid encoded initiator protein, str is the streptomycin
resistance determinant, rixA is a gene required for relaxation complex formation, orfD encodes a
putative protein required for plasmid mobilization by conjugative plasmids, palA/RSg is the lagging
strand origin of replication, cop is the copy control region, ori is the leading strand origin of
replication. The arrows indicate the direction of transcription.

in conjugative mobilization (Archer and Projan, in preparation); the region of the plasmid involved
in relaxation complex formation has also been localized (Projan, et al., in preparation).

In this paper, we present the pS194 nucleotide sequence which confirms that the plasmid is
closely related to other members of the pT181 family and has a similar functional organization.

MATERIALS AND METHODS

Bacterial strains and plasmids.

The staphylococcal strains used are derivatives of strain NTCC 8325. (8).

Media and growth conditions.

CY broth was used for liquid cultures of S. aureus, and VY broth (9) was used for liquid cultures
of B. subtilis. Cultures were shaken at 37°C (unless otherwise indicated) and monitored turbi-
dometrically with a Klett-Summerson' photoelectric colorimeter with a green filter. GL agar (S.
aureus) (9) or TBAB agar (B. subtilis) (Difco) was supplemented with antibiotics as indicated.
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XhoI
Taql

1 . . . . 51 . . .

crcammcrumnmmeummmmnuGnmnmmcsﬂmcuanemam

LeuGluGlySerArgThrAsnGluAsnI lolaysLy.MpLysPhoGlnAapTyrAapPh.AlaPh.Ph.ValSe:hsleoGluTerho
101 . . . . . 181 . .

mrmmmmn@rnnmmﬂnmmumammmmmaurAnccaccmr‘n‘AsAr

'l'hrBi-GluGlus.:szhuSothuPhoGlyGluhuhuPhoIloGlnLysProGJ.uMpHotGluInuPhonoProAspInuAsp

. 201 . . . . 251 .
TATGG'HAGGTTATATMTGTAT‘M‘TAMGATGGCATMAAATGGATATTACATTMMMMMAAGATTTMATOGTTAM‘I‘TAGT
TyxGlyTyrSerTyrl leMetTyrPheLysAspGlyIleLysMetAspIleThrLeul leAsnLeulysAspLeuAsnArgTyrPheSer

Hinfl . . 301 . . . HinfI 351
ammmmmrm&rummnmmm&mmnAﬂmm
MpSo:A-pGlyhuVaILy-I1ol’anampLynhpAsnhuValThrGlnGluIlcValP:ohpAlpScrAln‘lyﬂ‘rphuLys

. . . 401 . . B .
WMAMAMWMMWMAMMWMQMTA
LysProTthlnAquluPhoTyrAsprthAsnGluPh.'l’tpSchalSod’h:‘rytVaLAlaLycGlYValPhcAtgAtgGluIlo
451 . Mbol . . . 501 . . .
n)\mecmmmmmrnrumnccrccmunnummmcrmcuumurmmu
hu?h‘ualnuhpnilPhoAsnAanIlolnuA:qP:oGluuuLeququotIlos.z‘l‘tp‘ryrll.oclyPh-AsnAqulyPhoAsp

551 . . . .EcoRI 601 Alul .
TTTAGTTTAGGAAAGARTTATAAGTTTATAAACAAATATT TAACTGATAAAGAATTCAATATGCTT TTAGCTACTTTTGAGATGAATGGA
PheSerLeuGlyLysAsnTyrLysPhelleAsnLysTyrLeuTh rAspLysGluPheAsnMetLeuLeuAlaThrPheGluMetAsnGly

HindIII
. 651 AluI . . . . 701 .
TATAGAAAGACATACCAATCTTTTARGCTTTGTTGTGAAT TATTTAAATATTATTCAAATAAAGTAAGTTGTTTAGGAAATTATAACTAT
w:&:gLyu'l'hr‘ryzGlnSQrPhoLyaLouajaqaGluLouPhoLysTy:‘l‘yrSorAsnLysVaISetojalouGlyhnTernTyz

. . 751 . . . . 801
mmmmmmnnamurunAmmnumnmmccacamGcnecrrnsn-r
ProAsnTyrGluLysAsnlleGluAsnPheIleArgAsnAsnTyrGluAsn...end str

. . . 851 . . . .
TGATTTTGAATTTGGTTTTGAACTATGAGTGGCTAGCATTTTTCCACT! CATTTTTTGCGTTAGCAARAACATAAAGGGTCTGGGATTAAT
_______ > P —
I t1 |
901 HpaIl . . . 951 . . .
mmml?mmGTG;CTAGMTATACGACGCTTGCQAB&ACTATATTACTTGAMTATAGATTATATT

Alul 1001 . . . . 1051 . .
uumnmmecnnmmecmmmcrmmcmmeunmeccnmmncr

. 1101 . . B . 1151 .
CTGTTGGGGGAAACCGTARACCCAACCGCAARGAGCCAAAACAAATTAGT TTCAGAGTGAGTGAACAGGAATATTCAAAGTTGAAACAGT

. . 1201 . . Taql . 1251
CGGCAGAAACTTTGAATATGACAGTGCCTAATTTCGTTAAGAAAAAGGCACAAGGCAGTCGATTAGTGTCGCCAAAATTAGACAAAGAAA

Taql
Cla I . . 1301 HinfI Dde I . .
CGCGACAATCGATTGCCAAAGATTTAAGTCATTTGGGTAGTAATGTGAATCAGATTGCTAAGTGGTTTAATCAAAATAAAGATAAGGCTA

1351 . . . . 1401 . . .
CACATTTACCAGAAGAGAAATATCATGATTTAGAAAAGCAATTTGATGATGTGAAAAAGGAGTTGCATAAGATATGGCAACAACTAAATT
---RBS--- MetAlaThrThrLysLe
Start rlx

1451 . . . B 1501 . .
AGGCAATACGAAGTCGGCAAGTCGTGCCATTAATTACGCAGAAGAACGTGCAGAAGAAAAAAGCGGCTTAAATTGTGATGTTGATTATGC
uGlyAsnThrLysSerAlaSerArgAlaIleAsnTyrAlaGluGluArgAlaGluGluLysSerGlyLeuAsnCysAspValAspTyrAl

. 1551 . . . . 1601 . ScrFIl
TAAATCATATTTTAAGCAAACTAGGGCGTTATATGGCAAAGAGAATGGTGTTCAAGCACATACAGTCATTCAATCTTTTAAGCCTGGCGA
aLysSerTyrPheLysGlnThrArgAlaLeuTyrGlyLysGluAsnGlyValGlnAlaHisThrValIlleGlnSerPheLysProGlyGl

Alul. . 1651 Alul . . . 1701
AGTAACAGCTAAAGAGTGTAATGAGATAGGTTTAGAATTAGCTAAAAAAATTGCACCAGATTATCAAGTTGCAGTTTATACACATACAGA
uValThrAlaLysGluCysAsnGlulleGlyLeuGlulLeuAlaLysLysIleAlaProAspTyrGlnValAlaValTyrThrHisThrAs

. . . 1751 . . . .
CAAAGACCATTATCACAATCACATTATTATTAATTCAGTAAATTTAGAAACAGGCAACAAGTATCAGTCAAACAAAGAACAACGTGATTT
pLysAspHisTyrHisAsnHisIleIleIleAsnSerValAsnLeuGluThrGlyAsnLysTyrGlnSerAsnLysGluGlnArgAspPh

1801 . MboI. . . 1851 . . .
TATAAAAAAGGCGAATGATCAGTTATGTGAAGAACGTGGT TTATCTGTGCCAGAAAAGTCATCAGAAATCAGATATACGTTGGCAGAACA
eIleLysLysAlaAsnAspGlnLeuCysGluGluArgGlyLeuSerValProGluLysSerSerGlulleArgTyrThrLeuAlaGluGl
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1901 . . 1951
mamnarmmmummmmmrnmrmmmumfummmﬂ
nAsnMetIleAspLysAsplysArgSerTrpLysAsnAsplleArgMetAlaValGluGluThrLysAspAsnAlaValAlaPheGluGl

. 2001 . 2051 .
Amnnmmmmmmmmmnmammmrm
uPheAsnThrLeuLeuLysGluLysGlyValGluIleThrArgValThrLysAsnAsnValThrTyrArgHisIleGluGluAspLysLy

Rsal . . HinfI 2101 . . . Taql . 2151

AGTACGTGGGAATAAGTTGGGCGATTCTTATGACAAAGGAGTGATTGAAAATGGCTTTGCAATCGAGAAATTCAGACGAGAACGAGAAGA

sValArgGlyAsnLysLeuGlyAspSerTyrAsplysGlyVallleGluAsnGlyPheAlaIleGluLysPheArgArgGluArgGluGl
~--RBS--- MetAlaLeuGlnSerArgAsnSerAspGluAsnGluLysL

Start orfD
. . . Taql 2201 . . Ddel .

AGMMTAWAMTAM@CW@MMHWWM&M&T

uGluArgGluTyrAspGluTyrAlaAspThrPheGluValAspTrpAspAlaPheAlaGluAsnSerGluAspLeuArgLysArgArgIl

LyAsnGluAsnThrMetAsnMetGlnThrArgSerLysLeuThrGlyThrHisSerGlnLysIleGlnLysThrLeuGluAsnGluGluL

2251 . .  Alul . 2301 .

mummmmurmnnummwmmumnm
eAlaArgThrGluGluThrLysGlnAlaSerAsnLysIleTyrIleArgAspGluArgThrThrGlyLeuGluArgLysGlyIleAlaGl
euGlnGluLeuLysLysGlnAsnLysLeuVallleLysTyrIleSerGluMetLysGluGlnGlnAspLeuArgGluLysGluLeuGlnA

Taql . 2401 .
Wmmmmrummmma
yAsnGlnValGluPheGluLysAspAspGlyGlyLeuSerArg. ..end rlx
lalleLysSerSerLeuLysLysThrThrGluAspPheGlnGlyArgGlyLysLysValHisAsnAspPheValArgLeuLeuGlnLysA

Taql 2451 . Taql . .Taql 2501 Taql
ATTTAAATCGAGTGAATGCAGAAGATATTGAGATAGAGGTTCGAAAAGATGTTTATGGAGTTCGAGAAGAAATTCATTCGATGT TGCGTG
snLeuAsnArgValAsnAlaGluAsplleGluIleGluValArgLysAspValTyrGlyValArgGluGlulleHisSerMetLeuArgG

2551 . 2601
MmmmmnAWmmmAmmnmmAnmmum
luValLysGlnSerHisGluHisTyrGlnLysArgGlnLysGlnLeuPheThrGlyIleGlyAlaMet LeuLeuValPheMet LeuPheA
2651 . . Ddel
c'rncnnuawancocmumummucrmmnmcamrmummrmm
hlnuIlolht‘l'hrl10G1yh:qupPhd«tGl.yPhohuﬂiaValAapValhuGlnAanAlaIlouaSQ:LyanoLyaAIas.tG

2701 . Real . 2751 .
AGGGCTTTATTTCAGTTTTATGGTACATTGCTTATGGTTTACCTTATATACTCGCTATAGCGCTATTTAT T TG TTGTATGAGTGGATAA
1luGlyPheIleSerValleuTrpTyrIleAlaTyrGlyLeuProTyrIleLeuAlaIleGlyLeuPheIleTrpLeuTyrGluTrpIleA

HinfI MboI . 2851 Rsal .
GAGCAAGATTOQ\TQHWMMWWMAMATAMGTMMGMAM
rgAlaArgPheHisAsp...end orfD ] RSb [}

|

2901 . Taql . Rsal 2951 .

AGAcmmmnmmnnnmmmmmmmmnaammmrm
palA -

3001 N 3051
ATTGGAATAMGCAACAMGGGGGTTGAAGMTGAGTMGAAGAAAMGAHMTTTAGCMTAMHGCTCAAGTAGTAGTGCAG

3101 . Ddel .
GCGTTMTACMTMCACTTATCAGCMTATAMTAHC!AMAMTATTCAGCCTMTMGACTTAGTCTGAATAGACCAAG

3151 . 3201 .
CCTT'l.“l‘G‘I‘TAGTGTTATATTMTATGCAAATMMAWGTCGCTCACTCCCTGACCAAAGTTTGTGMTGCGACTTACC

3251 . Xba I . 3302 .
nmsnmcames'rcmmcrrnn‘mnrcnsannmcmnucc‘rnm‘rcnmcuxmnmcec
TaqIl
3351 HinfI . . B . 3401 .
mmmmrnmmummmm
--RBS-~- lhtS.xLy-Ly-Al.GluGluIl.GlMlnLy.GlnSo:InuGluLy-Gl
Start RepE
B HpaIl 3451 Hpall . Rsal . 3501
Wmmrmmmmﬂm@
uA ) ni;tIMIm AsnS w1-11mwmm1onw¢umaphnnm
. . “3s51 .
TAMWMMTMWMMMHWTAT
alht'rh:lloVAlclyhnlmmonl.ylhnl-nunliowm&zﬁlurhdm&:!lcuarzoclnll.ohqunu‘rrplnpn

Dde I
3601 . Alul . . Taql . .
TGCGTGGGATAGACGTAA
omclnmwwmwmmauucxnomny.v.1mnocmrym.pnycvnnymmnrpaw
3701 . . 3751

rnmmmnmurmmmmmmmmmmmm
nuotkq‘lllG].uPhoMnP!'ohlnLyaI.ul'hrm.GluGlul.thuftpuul.ylclmnIloIl.Mp!‘yrlktGluMpl.pGl
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3801 . 3851
'n“rrACAAmnmmmmmmmmnummm&cmmmmn@mc'rnnn'
yPheThrArgLeuAspLeuAlaPheAspPheGluAspAspLeuSerAspTyrTyrAlaMetThrAspLysSerValLysLysThrIlePh

3901 . 3951
TTATGGTCGTMOGGTWQMMTAW@GMR&MAHAGMMATMTMWCG

eTyrGlyArgAsnGlyLysProGluThrLysTyrPheGlyValArgAspSerAspArgPhelleArgIleTyrAsnLysLysGlnGluAr
4001
TMGGM.‘AATGCAGACATTGMGTTATGTCTGMCACITATGGOGIGTMAMTTGMHMMAGAGATATGGTTGAHATTGGMCGA
gLysAspAsnAlaAsplleGluValMetSerGluHisLeuTrpArgValGlulleGluLeuLysArgAspMetValAspTyrTrpAsnAs
4051 4101
TTGTTTTAA’I‘GM'TTACM‘ATTTTGAMOCAGATTGGTCTAGTTTA@AAMMAMAGAOCAAGCMTGAMATATGCTAATTCA‘!‘GA
pCysPheAsnAspleuHisIleLeulysProAspTrpSerSerLeuGluLysValLysAspGlnAlaMetIleTyrMetLeulleHisGl

RsaI 4151 . Rsal 4201
WACATGGGGIAMTTAGAMGAOGEACAMMMTMA&MMTAM@AWG&AAMNTAACGGACTT
uGluSerThrTrpGlyLysLeuGluArgArgThrLysAsnLysTyrArgGluMetLeulysSerIleSerGlulleAspLeuThrAspLe

4251 . 4301
ummmmnmmmnmmmnmmmmmmnmmmcmm
uMetLysLeuThrLeulysGluAsnGluLysGlnLeuGlnLysGlnIleGluPheTrpGlnArgGluPheArgPheTrpGlu. .

ond RepE
. ~-RBS--
4351 . . 4397
mmmmnmmmmnmmecﬂummmmmnnm
MetArgThrGluLysGlulleLeuAsnLeuValSerGluPheAlaTyrGlnArgSerAsnValLysIleIleAla
Start str

Figure 2. Complete nucleotide sequence of pS194 numbered from the unique Xhol site. Open
reading frames of greater than 100 amino acid residues with their potential ribosome binding sites
(RBS) are indicated. palA, RSg, and t; loci are described in text.

Tetracylcine (Tc), chloramphenicol (Cm), streptomycin (Sm) and erythromycin (Em) were used at 5
W g/ml unless otherwise indicated.

Protoplast transformation was by the method of Chang and Cohen (10) as modified for S.
aureus (11).
Isolation and analysis of plasmid DNA.
DNA was prepared and analyzed as described (12, 13). Copy numbers were determined by
fluorimetric densitometry of ethidium-bromide stained agarose gels run with sheared whole-cell
lysates of exponentially growing cultures (13).
Restriction mapping and cloning.
Restriction enzymes were purchased from Boehringer-Mannheim Biochemicals and New England
Biolabs. For molecular cloning, specific fragments were extracted from polyacrylamide gels, phenol
extracted, ethanol precipitated, and stored lyophilized prior to use (14). For ligations, samples were
combined in approximately equimolar ratios and incubated with T4 DNA ligase (Collaborative
Research) using a DNA concentration of at least 10 pg/ml and a ligase concentration of 40
units/ml for fragments with complementary ends and 100 units/ml for fragments with blunt ends.
Incubation was at room temperature for 1 to 4 hours. Ligated samples were used to transform S.
aureus protoplasts or B. subtilis or E. coli competent cells with selection for the appropriate antibi-
otic resistance marker. Transformants were screened for plasmid content and those carrying
plasmids of the required size were used to prepare plasmid DNA for restriction analysis and, if

necessary, sequencing.
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DNA sequencing.
Determination of nucleotide sequences utilized the dideoxy chain-termination method (15) with
isolated restriction fragments cloned into either mp18 or mp19 M13 vectors (16).

RESULTS AND DISCUSSION
A partial restriction map of pS194 determined by digestion with restriction enzymes either singly or
in combination was used to begin the sequencing of pS194. As the sequencing of the plasmid pro-
ceeded, refinements in the map were made. Two different strategies were employed. Initially, the
restriction fragments generated by digestion with Mbol, Taql or Hinfl, were each cloned into
M13mp18 or mpl9. These were sequenced and a nearly complete, single-stranded sequence was
assembled. A complete double-stranded sequence was generated by cloning to M13mp18 linear
plasmid monomers cleaved by HindIIl or Clal digestion; oligodeoxynucleotides corresponding to
regions where sequence information was incomplete were synthesized and used as sequencing pri-
mers. This has been shown to be an efficient method for generating a complete double-stranded
sequence (17). A map of pS194 identifying the regions involved in replication, streptomycin resis-
tance, relaxation, and copy control together with positions of the four reading frames of significant
size is shown in Fig. 1. Fig. 2 shows the sequence of pS194 and the four reading frames described
above.
The Replication Region
Cloning experiments have localized the pS194 leading strand replication origin to the 277 bp Taql-F
fragment, and have shown that the reading frame designated repE encodes a trans acting factor
required for leading strand initiation. The TaqI-F fragment can support the replication of a plasmid
carrying it providing a second plasmid carrying the repE reading frame is also present. As is the
case with other related plasmids, the replication origin is located within the initiator protein coding
sequence. As with pT181 and pC221, the copy number control region of pS194 is located just 5’
to the rep protein coding sequence and it is similar to the copy control regions of these other two
plasmids; deletions in this region cause an increase in copy number of 10 fold or more (Projan,
unpublished), and we have identified a small antisense RNA species (countertranscript) that is
encoded in this region and has a potential secondary structure similar to that predicted for the
pC221 and pT181 countertranscripts (3). The start and end for this countertranscript are predicted
by analogy with the other members of the family to be at positions 3280 and 3195 as indicated.
Most small S. aureus plasmids analyzed to date have in common a sequence called RSg (18).
The RSp sequence was originally identified as a site of cointegrate formation between heterologous
plasmids. It has subsequently been noted that this sequence is always found as part of an approxi-
mately 150 bp axis of dyad symmetry, palA (4). The palA elements of 8 different plasmids, includ-
ing pS194, have pairwise base sequence homologies ranging from 35-88%; the pS194 palA is most
closely related (88% homologous) to that of pC194, an otherwise totally unrelated plasmid, and is
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Figure 3. Agarose gel electropherogram of whole cell lysates. Lane 1: RN5343 (pES); lane 2:
RN5838 (pRN5202); lane 3: RN5170 (pRN5405); lane 4: RN5169 (pRN5404). Chromosome =
chromosomal DNA, SC = supercoiled plasmid DNA.

least closely related (41% homology) to that of pIM13, which is also unrelated. Several of the palA
elements have been found to be interchangeable and we have verified this for pS194by cloning a
HinfI(2798-3360) fragment containing pS194 palA to pRN5202, a palA deletion derivative of pES
(19). The pS194 palA element restored normal plasmid copy number and stability to the pES palA
deletion derivative (see pRN5170, lane 3, Fig. 3), in the same manner as a restriction fragment car-
rying the pUB110 lagging strand origin (A. Gruss, personal communication; S. Projan, unpublished
data) (see pRN5169, lane 4, Fig. 3).

Streptomycin Resistance

It has previously been observed that interuption of the HindIII site of pS194 inactivates streptomy-
cin resistance (6). The HindIIl site is located within a reading frame specifying a 34kd peptide
which is therefore assumed to encode a streptomycin resistance protein. The most probable start for
this protein is an ATG codon at nucleotide positions 4323 to 4325, which would place the Shine-
Dalgarno sequence at 4308 to 4314, just within the C-terminus of the repE reading frame. The str
transcript would then originate within the repE reading frame or even further upstream, suggesting
that the expression of repE and str may be coupled. As shown in Fig. 5, the predicted Str protein
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pS194 1’ MRTEKE ILNLVSBFAYQRSNVKI IALEGSRTNENIKKDKFQDYDFAFE‘VSD IEYFTHEBS

..........

pJH1 1" MRSEKEMHDLVLSLAEQDERIRIVTLEGSRANINIPKDEFQD!D ITYFVSD IEPF I SNDD

61 WLSLFGELLFIQKPHELFPPDLDYGYSYIMYFRDGIR‘HDITLINLKDLNRYFSDSDGL

TIrrIzIzIii. . 3.33.% % 2

61" WLNQFGNI IMMQKPEDMELFPPE-EKGFSYIHLFDD!NKIDLTLLPLEELDNYL—KGDKL

121 VKILVDKDNLVTQEIVPDDSNYWLKKPTBRBFYDCCNEE’WSVSTYVAKGVFRRBILFALD

etese22l PR R eedl. S3. 222232332 3. 33 3. tetiiiiL:

119" IKVLIDKDCRIKRD IVPTD IDYHVRKPSARBYDDOCNBPWNVTPYVIKGICRKE ILFAID

181’ HFNNILRPELLRMI SWYIGFNRGFDFSIGKNYKFINKYLTDKEFNMLLATPEMNGYRKTY

...................
$%.3.0 33T L T .l oLt...

179" HFNQIVRHELLRMISWKVGIBTGFKLSVGRNYRFIERYISEDLWEKLLSTYRHDSYENIW

241 QSE’KLCCELFKYYSNKVSCIGNMPNYBKNIEN’FIRNNM

239" EALFLCHQLFRAVSGEVAERLHYAYPE!DRNITKYTRDMYKKYTGKTGCLDSTYAAD IEE

299" RREQ
Figure 4. Similarity between str of pS194 and the aadE reading frame of S. faecalis plasmid pJH]1.

is homologous with the predicted AadE protein of the Streptococcus faecalis plasmid pJH1 (20).
These two proteins have 48.9% amino acid identity and an additional 15% of conservative replace-
ments. These proteins are not, however, detectably homologous to known Str proteins from Gram-
negative bacteria. Just downstream from the end of the str reading frame is a sequence that resem-
bles a p -independent terminator. This region, called t; , has perfect homology with the correspond-
ing region of both pT181 and pC221, immediately downstream from the reisistance determinants of
these two plasmids.

Relaxation Complexes

Supercoiled pS194 DNA is relaxable by SDS, indicating that it exists largely as a protein-DNA
relaxation complex (7).

pS194 and other relaxable plasmids such as pC221 are mobilized by conjugative S. aureus
plasmids such as pGO1 (21), whereas non-relaxable plasmids such as pT181 and pE194 are not (G.
Archer, personal communication). The site of pC221 relaxation has been mapped and a plasmid
gene required for relaxation has been identified.

On the basis of sequence homology, it is suggested that the pS194 relaxation site and gene are
correspondingly located (see Fig. 1). A fourth open reading frame, orfD, overlaps the rix gene
(Figs. 1 and 2). It is 56% homologous to the corresponding open reading frame of pC221 at the
amino acid level; the latter has recently been implicated in conjugative mobilization and it is con-
sidered likely that the same is true for pS194 orfD.

ACKNOWLEDGMENTS
We thank Ms. D. Everett for expert secretarial assistance and Dr. Ellen Murphy and Dr. Serban
Iordanescu for useful and stimulating discussions. This work was supported by Public Health Ser-

2186



Nucleic Acids Research

vice grant GM-33278 to S.J.P. and grant DMB-8503619 from the National Science Foundation to
RP.N. P.HR.L computer facilities used for sequence analysis were supported by National Science
Foundation grant DMB-8502189 and by Public Health Service grant RR-02990.

REFERENCES

1. Iordanescu, S. (1976) Arch. Roum. Pathol. Exp. Microbiol. 35, 111-118.

2. Iordanescu., S., Surdeanu, M., Della Latta, P. and Novick, R. (1978) Plasmid 1, 468-479.

3. Projan, S. J., Kornblum, J., Moghazeh, S. L., Edelman, 1., Gennaro, M. L. and Novick, R. P.
(1985) Mol. Gen. Genet. 199, 452-464.

4.  Gruss, A, Ross, HF. and Novick, R.P. (1987) Proc. Natl. Acad. Sci. USA 84, 2165-2169.

5. Novick, RP., Projan, S.J., Kumar, C.C., Carleton, S., Gruss, A., Highlander, S.K. and
Kornblum, J.  (1985) in Plasmids in Bacteria, , vol 30, Plenum Press, New York, p. 299-
320.

6. Gryczan, T., Shivakumar, A.G. and Dubnau, D. (1980) J. Bacteriol. 141, 246-253.

7.  Novick, R. (1976) J. Bacteriol. 127, 1177-1187.

8.  Novick, R. P. (1967) Virology 33, 155-166.

9. Novick, R.P. and Brodsky, R.J. (1972) J. Mol. Biol. 68, 285-302.

10. Chang, S. and Cohen, S.N. (1979) Mol. Gen. Genet. 168, 111-115.

11. Murphy, E. (1983) Plasmid 10, 260-269.

12. Novick, R.P., Murphy, E., Gryczan, T.J., Baron, E. and Edelman, I. (1979) Plasmid 2, 109-
129.

13. Projan, S.J.,, Carleton, S. and Novick, R.P. (1983) Plasmid. 9, 182-190.

14. Maxam, A. and Gilbert, W. (1980) Methods Enzymol. 65, 499-560.

15. Sanger, F., Nicklen, S. and Coulson, A. R. (1977) Proc. Natl. Acad. Sci. USA 74, 5463-
5467.

16. Messing, J. (1983) Methods in Enzymol. 101, 20-78.

17. Brenner, D.G. and Shaw, W.V. (1985) EMBO J. 4, 561-568.

18. Novick, R. P, Projan, S. J., Rosenblum, W. and Edelman, I. (1984) Mol. Gen. Genet. 195,
374-371.

19. Projan, S.J., Monod, M., Narayanan, C.S. and Dubnau, D. (1987) J. Bacteriol. 169, 5131-
5139.

20. Caillaud, F., Trieu-Cuot, P., Carlier, C. and Courvalin, P. (1987) Mol. Gen. Genet. 207,
509-513.

21. Archer, G.L. and Johnston, JL. (1983) Antimicrob. Ag. Chem. 24, 70-77.

2187



