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Table 1. Bacterial strains, plasmid and phage.

Strains, plasmid Relevent genotype Reference or
or phage or phenotype source
Strains

S. aureus SBK110 Ap' Vi)

B subdilis BD170  thrS, pC2 B. Weisblum
E. coli HB101 F~, recAl3, aral4 G. Cooper
proA2, galK2

Plasmid and phage
pHW20 a
M13mpl8 (10

Chemical Co.<l4], 472 wjo}& 1€ WA 74
4¥-8& Difco Laboratoriesel 4 7zt Fq18}o A}
£33 DNA <74 248 48 [o*S]
dATPE Amershame]4, DNA sequencing kits}
Klenow fragment= New England BioLabsof| 4],
%4 X-gal, IPTG, urea ¥ acrylamidet= Sigma
Chemical Co.ojA 7zt 74l8le] A1g-3igic).
Y W &9

& 4 05 g/ml 59 ampicillinell 30% x3
Al ¥ ole] 50 pg/mi®] ampicilline] T}A] k2
Al AT 7 AL 2170, 660 nmol 49
F45 HBZ FAsio] FAlo 0.5 pg/mio] k24
717 %3 AR 50 pg/midl =2 A1) AYFS) AT
Ze o &3sle F AYTY ARTHE M2
vl m3jgich
HI|YE U DNA FPie &

423 DNA % DNA @HE-2 agarose gel 37)
dF WS A9 5o gAsgdon] agarose gel
234¢] DNA 28 2 International Biotec, Inc.
9] electrocluterg AHg-3}¢ich
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A2 Y plasmid§ A48 B subiilis®] YPAAGHe
Dubnau 5 PH3)ol <& M=% competent
cell& o]&3o] =g}

E coli®] ¥AT g

A2l HAAPL CaClLE A3 T3y
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FAd7l Jehsdl ol Adel o8] PVAY} ¢]v]
7h-E8=o] iodines} PVA2] ulb-gof gt £
Ao} viehi}x] o}7) o) Foln) o] £ 9je] 7|8
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22 qlsisdcio).
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Fig. 1. /nduction of ampicillin resistance of Staphyl-
ococcus aureus in liguid medium.
Induced: Pretreated cells at 0.5 pyg/m/ of
ampicillin were challenged to 50 yg/m/ of
ampicillin. The O.D. at 660 nm was measured
in every 30 minutes.
Uninduced: Cells were challenged to 50 ug/m/
of ampicillin without pretreatment and
growth was measured.
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Fig. 2. The assay of Plactamase activity on the

notyvinylalcohol containing t agar plates (LF)
and on cephalosporin C (as inducer) containing
L agar plates {(LP+CC)
A, ampicillin sensitive Staphylococcus aureus
ATCC6538; B, ampicillin resistant Sraphyi-
ococcus aureus. The inducible bla  gene
conferring B strain is showing wider clear
zone on LP+CC plate than on LP plate.
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Fig. 3. Restriction recognition sites and sequencing
strategy of bla containing fragment.
Av, Aval; Dr, Dral; Ev, EcoRV; Hc, Hincll;
Hf Hinfl; Hd, HindllL; Rs, Rsal; Xb, Xbal.
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5' CT TGC GCA TCA YTG GAT GAT GGA TTC GAA GAC GCC TTT CAA
Cys Als Ser Leu Asp Asp Gly Phe Glu Asp Ala Phe Gin

TAT ACC GTA CAA GGA AAT TCC CAC AAT CGA CTA AAG AGT ACC AAT
Tyr Thr ¥al Gln 61y Asn Ser His Asn Arg ley Lys Ser Thr Asn

CTA ATT GAA CGA CTG AAT CAA GAA GTA CGC AGA AGA GAA AAG ATT
Leu 1le Glu Arg Leu Asn Gin Glu Val Arg Arg Arg Glu Lys le

ATT CGC ATC TTC CCC AAT CAA ACA TCA GCC AAT CGC TTA ATT GGA
1le Arg Tle Phe Pro Asn Gin Thr Ser Ala Asn Arg Leu [le Gly

GCC GTT CTT ATG GAC CTA CAT GAT GAA TGG ATT TAT TCT TCA AGA
Ala Val Leu Met Asp Leu His Asp Glu Trp lle Tyr Ser Ser Arg

AAA TAC ATC AAT TTT GAT AAG YAG AAATGGTAAAAACATTIGTATAGACTTT
Lys Tyr 1le Asn Phe Asp Lys *»

TACACAGGAGTCTGGACTTGACTAAACTATTGACACCGATATTACAATTGTAATATTAT
-35 -10

TGATTTATAAAAATTACAACTGTAATATC GGAGG GTTTATT TTG ARA AAG TTA
+1 T.0. Met Lys Lys Leu

30
ATA TIT TTA ATT GTA ATT GCT TTA GTT TTA AGT GCA TGT AAT TCA
fle Phe Leu [le Val [le Ala Leu Val teu Ser Ala Cys Asn Ser

60 90
AAC AGT TCA CAT GCC AAA GAG TTA AAT GAT TTA GAA AAA AAA TAT
Asn Ser Ser His Ala Lys Glu Leu Asn Asp Leu Glu Lys Lys Tyr

120
AAT GCT CAT ATT GGT GTT TAT GCT TTA GAT ACT AAA AGT GGT AAG
Asn Ala His Ile Gly Val Tyr Ala Leu Asp Thr Lys Ser Gly Lys

150 180
GAA GTA AAA TTT AAT TCA GAT AAG AGA TTT GCC TAT GCT TCA ACT
Glu Val Lys Phe Asn Ser Asp Lys Arg Phe Ala Tyr Ala Ser Thr

210
TCA AAA GCG ATA AAT AGT GCT ATT TTG TTA GAA CAA GTA CCT TAT
Ser Lys Ala lie Asn Ser Ala lle teu Leu Glu Gln Val Pro Tyr

240 270
AAT AAG TTA AAT AAA AAA GTA CAT ATT AAC AAA GAT GAT ATA GTT
Asn Lys Leu Asn Lys Lys Val His Ile Asn Lys Asp Asp Ile Val

300
GCT TAT TCT CCT ATT TYA GAA AAA TAT GTA GGA AAA GAT ATC ACT
Ala Tyr Ser Pro Ile Leu Glu Lys Tyr Val Gly Lys Asp 1le Thr

330 360
TTA AAR GCA CTT ATT GAG GCT TCA ATG ACA TAT AGT GAT AAT ACA
Leu Lys Ala Leu [le Glu Ala Ser Met Thr Tyr Ser Asp Asn Thr

3%0
GCA AAC AAT AAA ATT ATA AAA GAA ATC GGT GGA ATC AAA AAA GTT
Ala Asn Asn Lys lle 1le Lys Glu lle Gly Gly Ile Lys Lys Val

420 450
AAA CAA CGT CTA AAA GAA CTA GGA GAT AAA GTA ACA AAT CCA GTT
Lys GIn Arg Leu Lys Glu Leu Gly Asp Lys Val Thr Asn Pro Va)l

480
AGA TAT GAG ATA GAA TTA AAT TAC TAT TCA CCA AAG AGC AAA AAA
Arg Tyr Glu Ile Glu Leu Asn Tyr Tyr Ser Pro Lys Ser Lys Lys

510 540
GAT ACT TCA ACA CCT GCT GCT TTC GGT AAG ACT TTA AAT AAA CTT
Asp Thr Ser Thr Pro Ala Ala Phe Gly Lys Thr Leu Asn Lys Leu

570
ATC GCA AAT GGA AAA TTA AGC AAA GAA AAC AAA AAA TTC FTA CTT
1le Ala Asn Gly Lys Leu Ser Lys Glu Asn Lys Lys Phe Leu Leu

600 630
GAT TTA ATG TTA AAT AAT AAA AGC GGA GAT ACT TTA ATT AAA GAC
Asp Leu Met Leu Asn Asn Lys Ser Gly Asp Thr Leu le Lys Asp

660
GGT GTT CCA AAA GAC TAT AAG GTT GCT GAT AAA AGT GGT CAA GCA
Gly Val Pro Lys Asp Tyr Lys Val Ala Asp Lys Ser Gly Gln Ala

690 720
ATA ACA TAT GCT TCT AGA AAT GAT GTT GCT TTT GIT TAT CCT AAG
[le Thr Tyr Als Ser Arg Asn Asp Val Ala Phe Val Tyr Pro Lys

750
GBC CAA TCT GAA CCT ATT GTT TYA GTC ATT TTT ACG AAT AAA GAC
Gly Gln Ser Gly Pro fle Val Leu Val Ile Phe Thr Asn Lys Asp

780 810
AAT AAA AGT GAT AAG CCA AAT GAT AAG TTG ATA AGT GAA ACC GCC
Asn Lys Ser Asp Lys Pro Asn Asp Lys Leu Ile Ser Glu Thr Ala

840
AAG AGT GTA ATG AAG GAA TTT TAA TATTCTAAATGCATAATAAATACTGAT
Lys Ser Val Met Lys Giu Phe ***

AACATCTTATATTTTGTATTATCGTTGACATGTATAATTTTGATATCAAAAACTGATTT
TCCCTCTATTATITTCRAGATTTATTTTCTTAATTCTCTTTAACAAACTAGAAATATTG
TATATACAAAAAATTATAATATAATAATAGTAAGGTCTAATTATAGGTTGTTCATC 3°

Fig. 4. Nucleotide sequence of the bla gene and its
flanking region and odeduced amino acid
sequence of B-latamase.
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FMe] bla HHA G7IGEL MR bla T
SAA= BE bla NAZESEXRE] I 140 base
A5 Hindlll AA¥-$772] d7i4d 3% of
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1

SA-C CTTGCGCATCATTGGATGATGG
(HindIII)
) ) 50 ) ) . }
SA-C ATTCGAAGACGCCTTTCAATATACCGTACAAGGAAAT TCCCACAATCGACTAAAGAGTACCAATCTAATT
100 ) ) . . 150 )
SA-C GAACGACTGAATCAAGAAGTACGCAGAAGAGAAAAGAT TATTCGCATCTTCCCCAATCAAACATCAGCCA
. ; ) 200 . . .
SA-C ATCGCTTAATTGGAGCCGTTCTTATGGACCTACATGATGAATGGATTTATTCT TCAAGAAAATACATCAA
) 250 ) . . .} 300
SA-C TTTTGATAAGTAGAAATGGTAAAAACAT TGTATAGACTTTTACACAGGAGTCTGGACTTGACTAAACTAT
pPC1 T=eT-=-T-A-CCATTT-AACAC~TTCTTTCAAATATT-AT-Ac— -t
pl2s8 C-T-CT-TGC C~T-AT~—~T-—-T-A-CCATTT-AACAC-TTCTTTCAAATATT —AT-A~ e}
pl1071 C=T-CT-CGCTCGT-AT--GT——TT~A~CCATTTTGACAC-TTCTTTCAAATATT~AT-A-———-A]
pUB101 Q:I-CT—CGCTC—T—AT-—GT——TT—A-CCATTTTGACAC—TTCTTTCAAATATT—AT—A-———-A-E
(HindI1I)
. . . 350 . .
> > > <m—— < <
SA-C TGACACCGATATTACAATTGTANTATTATGATT TTAAAAATTACAACTGTAATATCRGAGETTTATT
pPC1
pl258
p11071 1 T T
pUB101 A A 1
(-35) (-10) (+1) (50)
(Init) . } 400 . ) . .
SA-C TTGAAAAAGTTAATATTTTTAATTGTAATTGCTTTAGTTTTAAGTGCATGTAATTCAAACAGTTCACATG
pPCI
p1258
p11071 c c
pUB101 c
450 ) . ) ) 500 ;
SA~C CCAAAGAGTTAAATGAT T TAGAAAAAAAATATAATGCTCATATTGGTGTTTATGCTTTAGATACTAAAAG
pPCI
p1258
pl107 A
pUBIOT
. } ) 550 ) . .
SA-C TGGTAAGGAAGTAAAAT TTAATTCAGATAAGAGAT TTGCCTATGC TTCAACT TCAAAAGCGATAAATAGT
pPC1
pl2s8
p11071 - 6
pUB101 G
. 600 ] ) ) ) 650
SA-C GCTATTTTGTTAGAACAAGTACCTTATAATAAGTTAAATAAAAAAGTACATATTAACAAAGATGATATAG
pPC1
pl258
p11071 A A
pUB101 A
. . . } 700 . .
SA-C TTGCTTATTCTCCTATTTTAGAAAAATATGTAGGAAAAGATATCACT TTAAAAGCACTTATTGAGGCTTC
pPCY
p1258
p11071

> >

pUBIOY



Vol 32 1954

SA-C
pPC1
pl1258
pl107
pUB101

SA-C
pPC1
pl258
pI1071
pUB101

SA-C
pPCH
pl258
pl107
pUBION

SA-C
pPC1
p1258
pl1071
pUBIOT

SA-C
pPCI
p1258
pl1071
pUB101

SA-C
pPC1
p1258
pll07
pUB101

SA-C
pPC1
pl258
pl1071
pUB101

SA-C
pPC1
pl258
pl1071
pUB101

SA-C
pPC1
pl258
p11071
pUBIOI
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. . 750 . . . .
AATGACATATAGTGATAATACAGCAAACAATAAAATTATAAAAGAAATCGGTGGAATCAAAAAAGTTAAA

[-2]

G T

800 . . . . 850 .
CAACGTCTAAAAGAACTAGGAGATAAAGTAACAAATCCAGTTAGATATGAGATAGAATTAAATTACTATT

. . . 900 . . .
CACCAAAGAGCAAAAAAGATACTTCAACACCTGCTGCTTTCGGTAAGACTTTAAATAAACTTATCGCAAA

. 950 . . . . 1000
TGGAAAATTAAGCAAAGAAAACAAAAAATTCTTACTTGATTTAATGTTAAATAATAAAAGCGGAGATACT

. . . . 1050 . .
TTAATTAAAGACGGTGTTCCAAAAGACTATAAGGTTGCTGATAAAAGTGGTCAAGCAATAACATATGCTT

(]

-
[2 X )

. . 1100 . . . .
CTAGAAATGATGTTGCTTTTGTTTATCCTAAGGGCCAATCTGAACCTATTGTTTTAGTCATTTTTACGAA

1150 . . . . 1200 .
TAAAGACAATAAAAGTGATAAGCCAAATGATAAGT TGATAAGTGAAACCGCCAAGAGTGTAATGAAGGAA

. . . 1250 . . .

(Term) > >
TTTTAATATTCTAAATGCATAATAAATACTGATAACATCTTATATTTTGTATTAT CGT
ATTTTGTATTAT—-
ATTTTGTATTAT-—-

T G CGT
GTTCTGTTGCAAAGTTGAATTTATAATATAATTTTAACAAAAAGGAGTCTTCT

1300 . . . . 1350 .
TGACATGTATAATTTTGATATCAAAAACTGATTTTCCCTCTATTATTTTCGAGATTTATTTTCTTAATTC

GTATGAACTATTTCACATATAAACAATTTAACAAGGATGTTATCACTGTAGCCGTTGGCTACTATGTAAG

25
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1400

SA-C TCTTTAA&AAACTAGAA;\TATTGTATA‘TACAAAAAATTATAATATAA%AATAGTAAG(.;TCTAATTATAGG

pPC1
pl258

pl1071
pUB101

. 1450
SA-C TIGTTCATC
pPC1
pl258
p11071
pUB101

ATATGCATTGAGCTATCGTGATATATCTGAAATAT TAAGAGAACGTGGTGTAAACGTTCATCATTCAAAC

1500

GATCTACCGTTGGGT TCAAGAATATGCCCCAATTTTATATCAAATTTGGAAGAAAAAGCATAAA

Fig. 5. Nucleotide alignment of five bla genes from Staphylococcus aureus plasmid pPC1 (4), p/258 (10). pl1071
(4). pUB10I (7), and S. aureus chromosomal DNA (SA-C. Fig. 4).
“—" designates identical amino acid as SA-C. Two Hindlll recognition sites are indicated, one for
SA-C-bla and the other for the rest of bla’s from plasmids. Six arrows extended from base number
308 to 362 mean inverted repeat sequence and two arrows from 1256 to 1279 mean direct repeat
sequence. Promoter (—35, —10). transcription initiation site (+1). and ribosome binding site (SD)
are boxed. Open reading frame of bla starts from the base number 373 which indicated as (Init)
and terminate at the base number 1216 indicated as (Term).
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SA-C-blasl| A= A&d i E Bolxn ArkFig ).
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24 &= repressord] penl 4 antirepressordl penJ2]
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ABSTRACT: Genetic

of an Inducible pf-Lactamase Gene Isolated from

Chromosomal DNA of Staphylococcus aureus

Kim, Young Sum, Kyung 1| Min, and Woo-Hyeon Byeon* (Department of
Microbiology, Kangweon National University Chuncheon 200-701, Korea)

An inducible p-lactamase gene (bla) was identified and isolated from the chromosomal
DNA of multiple drug resistant strains of Staphylococcus aureus. Determined base sequence
of bla and of its flanking region was compared with those of bla genes identified on the
staphylococcal plasmids pPCl. pI258, pl1071. and pUB10l. Base sequence of 843 base-long
structural gene of our bla was same as that of pPCl-, pl258-, and pSi-bla. However, HindllI
recognition site which is found in most of the bla genes at 140 base upstream from the
structural gene was moved to the site of 370 base upstream from the structural gene. And
one of the two direct repeat sequence found in downstream flanking region of pI1071-bla
was deleted in our bla. Amino acid sequence homology analysis of the ORF located around
HindlIll recognition site reveals that this 80 amino acids-long polypeptide is C-terminus

of transposase of Tn4001.



