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NOTE

Relationship between Two Tetracycline Resistance Plasmids of
Staphylococcus aureus in Korea

KIM, WOO-KOO, CHUL-KYO SHIN, AND KYUNG-HO MOON#*

College of Pharmacy, Kyungsung University, 110-1, Daeyon-Dong, Nam-Gu, Pusan 608-736, Korea

To investigate the relationship between two tetracycline resistance (Tc’) plasmids, the 24.82-kb pKH1
and the 4.44-kb pKH6, of Staphylococcus aureus isolated in Korea, cloning of the 4570-bp HindIIl
fragment into pBluescript II KS® after partial digestion of the Tc' plasmid pKH1 with HindIIl and
sequence determination of that fragment were carried out. Analysis of the sequences revealed that the
4570-bp HindIll fragment contained a 4011-bp fragment of the small Tc" plasmid pKH6 flanked by the
partial sequences of IS43Imec. It was concluded from the above result that the pKH1 was produced by
integration of the partial sequence of the pKH6 into another plasmid via IS437mec.

Tetracycline resistance (Tc") in Staphylococcus aureus
is commonly mediated by one of a family of closely
related plasmids. pT181 is a prototype plasmid of this
family (10) and pKH6 was a pT181-like plasmid of S.
aureus isolated in Korea (8, 9). Both pT181 and pKH6
can be cleaved by Hindlll into 3 fragments which are
designated Hindlll A(2.35-kb), HindIll B(1.53-kb), and
HindIll C(0.56-kb), respectively. It was known that
HindIll A had a tet gene conferring tetracycline
resistance. Another 24.82-kb Tc' plasmid pKH1 was also
isolated in Korea and characterized by restriction
enzyme mapping techniques (6). In a previous report (7),
we described the complete sequence of the 2475-bp
HindIll fragment (Hind!l A") of pKH1 containing the tet
gene and showed that HindIll A' consisted of two parts.
One portion originated from IS43/mec and the other
portion originated from HindHI A fragment of pKH6. To
find the Hindlll B and C fragments in pKHI, partial
digestion of pKH1 with Hindlll and subsequent cloning
into pBluescript II KS* was carried out. A recombinant
plasmid containing the 4570-bp HindIH fragment
(HindIII T) of pKH1 in the Hindlll site of pBluescript 11
KS* was obtained. Complete HindIll digestion of HindIIl
T revealed that it was composed of HindIIl A', HindIIl C,
and Hindlll B-like fragments (Hindlll B'). Subclonings
and sequence determinations of HindIll C and HindIll B'
were performed. From the sequences of Hindlll A', HindlII
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B', and HindIll C, the complete sequence of HindIIl T of
pKH1 was determined (Fig. 1). The HindIll T contained
a 4011-bp fragment of pKH6 flanked by the partial se-
quences of IS43Imec. The location of HindIII T in pKH1
was determined by comparison of the restriction map of
HindIll T with that of pKH1 (Fig. 2). IS43Imec (2) is
also known as IS257 (13) and to flank many resistance
genes (1, 3-5, 11-15). Integrations of pKH6-like plasmid
into chromosome or with other plasmids are well known
in S. aureus. The pT181 was representative of that kind
of plasmid. Two copies of the insertion sequences 1S257
were flanking an integrated copy of the plasmid pT181
in the ANS46 chromosome of methicillin resistant S.
aureus ANS46 (14) and in the tetracycline and mupirocin
resistance plasmid pJ3358 (11). Internal 8 bp repeats
were seen at the ends of the integrated copies of pT181
in the ANS46 chromosome and in the plasmid pJ3358.
But internal 8 bp repeats could not be seen at the ends of
the integrated copy of pKH6 and only 4011 bp of pKH6
was seen in pKH1. It can be explained that some deletion
occurred during the formation of pKH1 by integration of
pKH6 with the other plasmid. Owing to the above
mentioned deletion the Rep protein of pKH6 in pKH1
was a truncated protein that had only 99 amino acids
(AAs) among 314 AAs of the Rep protein of pKH6 (Fig.
2). This type of integration was first observed in Tc resis-
tance plasmids.
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HimdI11
aagcttttasacttaaacctgactgtcattgtacatcgaaatatctgaataacctcattgagcaagatcaccgtcatattanagtaagaaagacaagata 100

tcanagtatcaatacggcaaagaatactttaaaaggtattgaa tgtattté\cgc tctatataaaaagaaccgceaggtcicticagatetacggattttee 200
ccatgceacgaaattageatcatgetageaagttaagegaacactgacatgatasattagtggttagetatatttitttact ttgcgagagaaccACAM . 300
AATGATATATTTAAACTATTCTAATTTAGGAGGATTTTTT TATGAAGTGTCTATTTAAAAATTTGGGGAATTTATATGAGGTGAAAGAATAATTTACCCC 400
TATAAACTTTAGTCACCTCAAGTAAAGAGGTAAAATTGTTTAGTTTATATAAAAAATTTAAAGGTTTGTTTTATAGCGTTTTATTTTGGCTTTGTATTCT 500
TTCATTTTTTAGTGTATTAAATGAAATGGTTTTAAATGTTTCTTTACCTGATATTGCAAATCATTTTAATACTACTCCTGGAATTACAAACTGGGTAAAC 600
ACTGCATATATGTTAACTTTTTCGATAGGAACAGCAGTATATGGAAAATTATCTGATTATATAAATATAAAAAAATTGTTAATTATTGGTATTAGTTTGA 700
GCTGTCTTGGTTCATIGATTGCTTTTATTGGTCACAATCACTTTTTTATT TTGATTTTTGGTAGGTTAGTACAAGGAGTAGGATCTGCTGCATTCCCTTC 800
ACTGATTATGGTGGTTGTAGCTAGAAATATTACAAGAAAAAAACAAGGCAAAGCCTTTGGTTTTATAGGATCAATTGTAGCTTTAGGTGAAGGGTTAGGT 900
CCTTCAATAGGGGGAATAATAGCACATTATATTCATTGGTCTTACCTACTTATACTTCCTATGATTACAATAGTAACTATACCTTTTCTTATTAAAGTAA 1000
TGGTACCTGGTAAATCAACAAAAAATACATTAGATATCGTAGGTATTGTTTTAATGTCTATAAGTATTATATGTTTTATGTTATTTACGACAAATTATAA 1100
TTGGACTTTTTTAATACTCTTCACAATCTTTTTTGTGATTTTTATTAAACATATTTCAAGAGTTTCTAACCCTTTTATTAATCCTAAACTAGGGAAAAAC 1200
ATTCCGTTTATGCTTGGTTTGT TTTCTGGTGGGCTAATAT TTTCTATAGTAGCTGGTT TTATATCAATGGTGCCTTATATGATGAAAACTATTTATCATG 1300
TAAATGTAGCGACAATAGGTAATAGTGTTATTTTTCCTGGAACCATGAGTGTTATTGTTTTTGGTTATTTTGGTGGTTTTTTAGTGGATAGAAAAGGATC 1400
ATTATTTGTTTTTATTTTAGGATCATTGTCTATCTCTATAAGTTTTTTAACTATTGCATTTTTTGTTGAGTTTAGTATGTGGTTGACTACTTTTATGTTT 1500
ATATTTGTTATGGGOGGATTATCTTTTACTAAAACAGTTATATCAAAAATAGTATCAAGTAGTCTTTCTGAAGAAGAAGTTGCTTCTGGAATGAGTTTGC 1600
TAAATTTCACAAGTTTTTTATCAGAGGGAACAGGTATAGCAATTGTAGGAGGTTTATTGTCACTACAATTGATTAATCGTAAACTAGTTCTGGAATTTAT 1700
AAATTATTCTTCTGGAGTGTATAGTAATATTCTTGTAGOCATGGCTATCCTTATTATT TTATGTTGTCTTTTGACGATTATTGTATTTAAACGTTCTGAA 1800
AAGCAGTTTGAATAGTTATATTATATITTGGTTTAGAACTATGAGTGGCTAGCATTTTGCCACTCATTTTTTGCGTTAGCAAAAACAGGTTTAAGCCTCG 1800
CAGAGCACACGTATTAACGACTTATTAAAAATAAGTCTAGTGTGTTAGACTTAAACTATTAAATACACATGAAACCTTTGTGCTTAGGAGTGATTTTTAT 2000
ATGTCTTATTCCATTGTTAGAGTTTCAAAAGTTAAATCTGGAACAAATACAACGGGCATACAAAAACATGTTCAAAGAGAAAATAATAATTATGAAAATG 2100
AAGATATAGACCATAGTAAAACTTACTTAAATTATGATTTGGTAAATGCTAATAAACAGAATTT TAATAACTTGATTGATGAAAAAATCGAACAGAATTA 2200
TACAGGCAAAAGAAAAATTAGAACAGACGCGATTAAACACATTGATGGTTTAATTACATCAGACAATGATTTCTTTGATAATCAAACGCCAGAAGATACA 2300
AAGCAGTTTTTTGAATATGCTAAAGAGTTTTTAGAACAAGAATACGGTAAAGATAATTTATTATATGCAACAGTTCACATGGACGAAAAAACACCACATA 2400
TGCATTATGGCGTTGTTCCAATAACTGATGATGGTCGTTTAAGTGCTAAAGAAGTTGT. AGGTMTAAAAK&%AACA&G‘ITF CAAGATAGATTTAA 2500
TGAGCATGTTAAACAACGAGGATATGATTTAGAACGTGGGCAATCAAGACAAGTAACAAATGCTAAACATGAGCAAATAAGTCAGTATAAACAAAAAACA 2600
GAATATCATAAGCAAGAATATGAACGTGAGAGCCAAAAAACAGACCATATAAAGCAAAAGAACGATAAATTAATGCAAGAGTACCAAAAATCGTTAAATA 2700
CGCTTAAAAAGCCTATAAATGTTCCGTATGAGCAAGAAACTGAAAAAGTAGGTGGTTTATTTAGCAAAGAAATACAAGAAGCTGGAAATGTTGTAATAAG 2800
CCAAAAAGATTTCAATGAATTTCAGAAACAGATAAAAGCTGCTCAAGATATTTCGGAAGATTACGAGTATATAAAGTCTGGTAGAGCCTTAGATGATAAA 2300
GATAAGGAAATACGAGAGAAAGATGATTTATTAAATAAAGCAGTTGAGCGTATTGAAAACGCAGACGATAATTTTAACCAACTTTACGAAAATGCAAAGC 3000
CACTT AAAGAGAATATAGAAATAGCG’ITAI’(AGC[T’[’I‘AAAAATC’ITACFAAAAGAGTTAGAACX;AG’I’I’I’I‘AGGAAGAAATACCTITGCGGAAAGAG’IT AA 3100
TAAGTTAACAGAAGATGAACCAAAACTAAATGGTTTAGCAGGAAACTTAGATAAAAAAATGAATCCAGAATTATATTCAGAACAGGAACAGCAACAAGAA 3200
CAACAAAAGAATCAAAAACGAGATAGAGGTATGCACTTATAGAACATGCATTTATGOCGAGAAAACTTATTGGTTGGAATGGGCTATGTGTTAGCTAACT 3300
TGTTAGCGAGTTGGTTGGACTTGAATTGGGATTAATCCCAAGAAAGTACCAACCCAACAACACATAAAGCCCTGTAGGTTOCGACCAATAAGGAAATTGG 3400
AATAAAGCAATAAAAGGAGTTGAAGAAATGAAATTCAGAGAAGCCTTTGAGAATTTTATAACAAGTAAGTATGTACTTGGTGTTTTAGTAGTTTTAACTG 3500
TTTACCAGATAATACAAATGCTTAAATAAAAAAAGACTTGATCTGATTAGACCAAGTCTTTTGATAGTGTTATATTAATAACAAAATAAAAAGGAGTCGC 3600
TCACGCCTTGACCAAAGTTTGTGAACGACATCATTCAAAGAAAAAAACACTGAGTTGTTTTTATAATCTTGTATATTTAGATATTAAACGATATTTAAAT 3700
ATACATCAAGATATATATTTGGGTGAGCGATTCCTTAAACGAAATTGAGATTAAGGAGTCGATTTTTTATGTATAAAAACAATCATGCAAATCATTCAAA 3800
TCATTTGGAAAATCACGATTTAGACAATTTTTCTAAAACCGGCTACTCTAATAGCCGGTTGGACGCACATACTGTGTGCATATCTGATCCAAAATTAAGT 3900
TTTGATGCAATGACGATCGTTGGAAATCTCAACCGAGACAACGCTCAAGCCCTTTCTAAATTTATGAGTGTAGAGCCCCAAATAAGACTTTGGGATATTC 4000
TTCAAACAAAGTTTAAAGCTAAAGCACTTCAAGAAAAAGTTTATATTGAATATGACAAAGTGAAAGCAGATAGTTGGGATAGACGTAATATGCGTATTGA 4100
ATTTAATCCAAACAAACTTACACGAGATGAAATGATTTGGTTAAAACAAAATATAATAAGCTACATGGAAGATGACGGTTTTACAAGATTAGATTTAGOC 4200
TTTGATTTTGAAGATGATTTGAGTGACTACTATGCAATGTCTGATAAAGCAGTTAAGAAAACTATTITTTATGGTCGTAATGGTAAGCCAGAAACAAAAT 4300
ATmGgthcth ié_;gl caaagttgaatttatagtataattttaacaanaaggagtcttctgtatgaactatttcagatataaacaatttaacaaggatgt 4400
tatcactgtagecgttggectactatctaagatatgeattgagt tatcgtgatatatctgaaatatt’aagggaacgtggtgtaaacgttcatcattcaacg 4500

HindlI1
gtctaccgtigggttcaagaatatgecccaattttgtatcaaatttggaagaaaaagcataaaaaagett 4570

Fig. 1. Complete nucleotide sequence of 4570-bp HindIll fragment of tetracycline resistance plasmid, pKH1.
1S43Imec related sequences (1-295 and 4307-4570 bp) are indicated by small letter. Inverted repeat sequences in IS#3/mec are underlined. The
sequence of the 4570-bp HindIIlI fragment of pKH1 has been registered in GenBank (NCBI) with the accession number U38656.
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Fig. 2. Restriction endonucleases maps of pKH1 and pKHI1T.
Restriction sites are indicated by B(Bgll), E(EcoRI), H(Hpall), Hi
(HindIll), and P(Pvull). Tet, Pre, and ARep indicate Tet protein, re-
. combination protein, and truncated replication protein, respectively. Map
coordinates are expressed in kilobases.
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