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Abstract

This study describes the use of the polymerase chain reaction (PCR) to detect the tet
(K) and tet(M) tetracycline resistance genes in Staphylococcus aureus. Primers based on
the DNA sequence of the tet(K) and tet(M) genes from S. aureus were used in the PCR
assay to detect the presence of the genes. Results obtained with 215 isolates of S. aureus
from Asian countries such as Japan, Indonesia, China, Korea and Thailand have revealed
that tet(K) specifies resistance to tetracycline but not to minocycline, and that tetz(M)
specifies resistance to both tetracycline and minocycline. We observed two different types
of clinical isolates of S. aureus strains resistant to minocycline and tetracycline: the firss
carried only the tet(M) gene, while the second carried both the tet(M) and the tet
(K)genes. Almost all of the clinical isolates of S. aureus resistant to minocycline and tet-
racycline obtained in Indonesia, China and Thailand carried both tet(M) and tet(K)
genes, while most of clinical isolates of S. aureus obtained in Japan and Korea carried

only the tet(M) gene.

Introduction

In our previous epidemiological study on Staphylococcus aureus obtained in Indonesia
during the period between 1986 and 1993, we found that the isolation frequency of
tetracycline-resistant strains among clinical isolates was more than 60% and that of
minocycline-resistant strains was 309, and that almost all methicillin-resistant S. aureus
(MRSA) strains were resistant to minocycline and tetracycline. In contrast, S. aureus
strains i1solated in Japan in 1986 and 1989 were resistant to minocycline and tetracycline

at frequencies of only 2.6% and 6.5%, respectively.
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Bacteria can become resistant to tetracycline by several approaches: limited access of
tetracycline to the ribosome by efflux: the ribosome may be altered to prevent the effec-
tive binding of tetracycline, or enzymes may be produced to inactivate tetracycline. The
tetracycline-resistance(TCr) determinants in staphylococci were assigned to the classes
K, L, M and O. In S. aureus, TCr determinants of the classes K and M have been studied
in detail. The tet(M) determinant is known to protect ribosomes from inhibitory effects
of tetracycline, whereas tet(K) and tet(L) determinants specify membrane-associated ef-
flux systems. The tet(M) gene is chromosomal or plasmid-borne, and its gene product
mediates resistance to tetracycline and minocycline. The tet(K) gene is plasmid-borne and
mediates inducible resistance only to tetracycline but not to minocycline. The polymerase
chain reaction has been used to determine tetracycline resistance genes in Gram-negative
and -positive microorganisms.

The objective of this study was to define the pattern of tetracycline resistance determi-

nant genes tet(K) and tet(M) in clinical isolates of S. aureus obtained in Asian countries.

Materials and Methods

A total of 215 clinical isolates of S. aureus obtained in Asian countries were evaluated:
136 strains from Japan, 60 strains from Indonesia, 6 strains from China, 5 strains from
Korea and 8 strains from Thailand. Susceptibility and minimal inhibitory concentrations
(MICs) were determined in Sensitivity Test agar by the agar dilution method.

Two 18-mer oligonucleotide primers were synthesized based on the DNA sequence of
pT181, a tetracycline-resistance plasmid tet(K) from S. aureus. Primer K1, 5'-
CAGCAGATCCTACTCCTT-3', corresponded to nucleotides 531 to 548 numbering of Khan
et. al.,, and primer K2, 5’-TCGATAGGAACAGCAGTA-3’, was complementary to nucleo-
tides 682 to 699. These primers, located within the tet(K), were separated by 168 bp. Also
two 20-mer oligonucleotide primers for tet(M) were synthesized based on the tet(M) se-
quence from S. aureus 101: primer MI, including nucleotides 563 to 582 numbering of
Mirjana Nesin et al., with the sequence 5-GTGGACAAAGGTACAACGAG-3’, and primer
M2 which was complementary to nucleotides 949 to 968 with the sequence 5'-
CGGTAAAGTTCGTCACACAC-3'. The tet(M) primers produced a predicted fragment of
405 bp. These primers were prepared and designed to be used together in PCR assay.

DNA extracted from S. aureus was used directly for the PCR assay. Finally, 10 ul of
PCR product was analyzed by 1% agarose gel electrophoresis in Tris borate buffer and
stained with ethidium bromide. Following electrophoresis, the band of amplified DNA was

visualized under UV light.

Results and Discussion
It was found that 39.1%¢ of S. aureus resistant to tetracycline and minocycline isolated
from Indonesia carried both the tet(K) and tet(M) genes. All the S. aureus clinical iso-

lates from China and 50% of isolates from Thailand that were resistant to tetracycline
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and minocycline carried both the tet(K) and tet(M) genes. On the other hand, 99.2% of
clinical isolates of S. aureus strains resistant to tetracycline and minocycline obtained in
Japan and all the isolates from Korea harbored only the tet(M) gene. A combination of
specific primers was designed to detect tet(K) and tet(M) determinants from S. aureus
in a single reaction. The pair of primers, K1 and K2, worked only for the tet(K) determi-
nant and another pair of primers, M1 and M2, worked only for the tet(M) determinant.
These combination primers gave an appropriate PCR product for the tet(M) determinant
with 215 different clinical isolates of S. aureus examined. We found that these primers
were highly specific to detect the tet(K) and tet(M) genes in S. aureus. There was an ex-
cellent correlation between the resistant phenotypes of the strains studied, as determined
by MICs, and the genotypes inferred from PCR experiments using this combination of
specific primers. S. aureus strains harboring tet(K) were resistant to tetracycline and
susceptible to minocycline, and those harboring tet(M) were resistant to both antibiotics.
There was a high MIC of tetracycline against S. aureus harboring both tet(M) and tet
(K). In studying clinical isolates of S. aureus that were resistant to minocycline and tet-
racycline obtained in various countries in Asia, it was found that isolates from Indonesia,
China and Thailand carried both the tet(K) and tet(M) genes, while those from Japan
and Korea carried only the tet(M) gene. The approach using combination primers for tet
(K) and tet(M) in PCR assay has been proven to be useful for epidemiological study to

trace strains harboring tetracycline-resistance determinants.
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W, ZAME (2 F ) Vit BB 7 F KB (MRSA) HEFRRCESBICK X SRE
I~ TED, HEBTF Y IREOIEFIT R O R 73 #3788 O LB R CREL S A FE O LB
ERENTOS, FRIHA2 Y YvHE0RI/HA 7 ) Vot 28AMM 2R EET ¥ oBRE
&, BERICHANT, 41 v Fxy7TRIFECERIRHENS, TFIBEOT F 5447 ) Vit
RERTICRK, L, M, O04EENHD, BT FIBRETRKEMB LSBTV, £
hoxka—FE2BEFLRIESNTEY, tet(MBEEFRFISHFA 2V v EI/HFA 7Y VD
mEICT AR, 4, tet(K)BLETFRERFISHA7 Y VOB TAHBEEED PS5
NTWB, AR, 7V TERTHESNAEET FIRBICEY 5 ret(M)BIET 6 & Utet(K)
BEEFORBRIICOWVT, PCREZHVWTEIT LI DTH 5,

HFEEE, 7, tat(MBETFBLFtet(K)BRIZFO7 74 v —%2/E8L, ZhEhOBETZE
KRR ET 2PCRERHE LT, PCREMIOARE X, HIRRBRVIME 250 (RFLP) ##HT
RUN T Y54 ¥~y 2 YRR L BBRICES 0T, RESBEHORRNTS 3T LEEWL,
BT, FRIFA 7YV YBEUI/H4 7Y VITHT BREROBESHRBROBKE EIEFH IR HEE
THIEERLI, THASDBBIIAPCREDIESHEE ST 26D THD, BFEHEICBIT BK
HOFERICERNRILEEL 56D TH %,

VED &SI LTHL S NIcPCREZRVT, A Y FAY 7, 54, THE, BERUBERTHE
SNICEHET F YRR Dtet(MBIEF R Ftet(K)BEFORBIREICODVTHRLLET S, BESP
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BETRFISHA 7Y EI /7347 ) VICHitEOHEB T FIRED D BIEEAEDbDWtet(M)
BEZEFOHEETEZOIINLT, 41 v Fixv7, ¥4, hETEtet(M)BIEF &tet(K)BET O
FrESHEFOLDOBEL HOND T EBDD 1, tet(K)BETFDAEET HEKE, WTFho
EicBWTbeL aohldhdote, £/, LiEDtet(MBEFRUtet(K)BEZFHRERRICK 528
BT FOBKREOSEEE, 3775 - ¥Rk A58 EGBHEEL TV,

PLb, ®HRIR, 41 v Fxv7, 44, pE, BERVCHKXICBT2EHB T F 7REDOtet(M) &
EFRUtet(K)BIFORBREICOVTHEIT LD TH M, REBELALTOATWIED -
eERET U THIRO®RE T F Y REOERME B FOBRICOWTEERMRAAEL- D E LTH
HH2EETHD LB B, LT, FHREFR, HL (EF) OFMNEBIEENH L LBDH 5,
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