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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’ 2)

B. subtilis BD170  thr5, trpC2 B. Weisblum
E. coli HB101 F~, recA13, aral4, G. Cooper
proA2, galK2

Plasmid and phage
pHW20 0]
M13mp18 (10)

Chemical Co.olM, Ald<] wieks A% =Wz 74
AE-E-L Difco Laboratoriesol| 4 ztz} 7-9]3ke] A}
439k, DNA 37144 #4E 9% [e-¥S]
dATP+ Amershamell4], DNA sequencing kit%}
Klenow fragment= New England BioLabsel]A],
=3k X-gal, IPTG, urea ¥ acrylamide® Sigma
Chemical Co.o|A 74z} #9]3te] A3}
g 48 &3

& o 0.5 ug/m! F59] ampicillinol] 308 =&
A1Z1 F o]} 50 ug/ml2] ampicillinel] ] =&
Al AT 4 ARFAE A17PE, 660 nmeoil 4] 9]
F3x W32 FH3 FAld 0.5 ug/mid] =E4
712 @2 AA 50 ug/miol| =FA7 AT AFE
e yog ZAste F AT YATAS M2
kA Sea=d
H7|dE 3 DNA EHE9 F&

A =¥ DNA ¥ DNA =HEL2 agarose gel %7]
A% W XS Fa A= on agarose gel
ZHEe] DNA dH 3% International Biotec, Inc.
9] electroeluter2 A}-g-3}ich
Bacillus subtilis®] #aT &

AN z3 plasmidE AHE3F B. subtilis®] A A3ke
Dubnau 59 ¥Pd(3)el s A== competent
cell& ©]-83ld 3=}
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712 wFg ¥ jodine S-S FHmz| 9o ®
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FH7 Yehted ole &Eid o8] PVAZ} o)n]
728 5)e] iodines}t PVA2] ul-go] )3t EE3
A o] vtehitA] ¢7] wjFoln o] £ 99 A5
Hlaste] Blactamase®] BA4-& YA 3 FAH
o2 galsArKe).
oMY ZHE o 24
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Fig. 1. /nduction of ampicillin resistance of Staphyl-
ococcus aureus in liguid medium.
Induced: Pretreated cells at 0.5 uyg/ml/ of
ampicillin were challenged to 50 ug/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. i The assay of Plactamase activity on the
nolyvinylalcohol containing L agar plates (LF)
«nd on cephalosporin C (as inducer) containing
L agar plates (LP+CC).
A, ampicillin sensitive Staphylococcus aureus
ATCC6538. B, ampicillin resistant Staphyl-
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, HindIll; Rs, Rsal; Xb, Xbal.
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5' CT TGC GCA TCA TTG GAT GAT GGA TTC GAA GAC GCC TTT CAA
Cys Ala Ser Leu Asp Asp Gly Phe Glu Asp Ala Phe Gln

TAT ACC GTA CAA GGA AAT TCC CAC AAT CGA CTA AAG AGT ACC AAT
Tyr Thr Val Gln Gly Asn Ser His Asn Arg Leu Lys Ser Thr Asn

CTA ATT GAA CGA CTG AAT CAA GAA GTA CGC AGA AGA GAA AAG ATT
Leu Ile Glu Arg Leu Asn GIn Glu Val Arg Arg Arg Glu Lys Ile

ATT CGC ATC TTC CCC AAT CAA ACA TCA GCC AAT CGC TTA ATT GGA
Ite Arg Ile Phe Pro Asn Gln Thr Ser Ala Asn Arg Leu Ile 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 Ile Tyr Ser Ser Arg

AAA TAC ATC AAT TTT GAT AAG TAG AAATGGTAAAAACATTGTATAGACTTT
Lys Tyr Ile Asn Phe Asp Lys ***

TACACAGGAGTCTGGACTTGACTAAACTATTGACACCGATATTACAATTGTAATATTAT

-35 -10

1
TGATTTATAAAAATTACAACTGTAATATC GGAGG GTTTATT TTG AAA AAG TTA
+1 S.D. Met Lys Lys Leu

30
ATA TTT TTA ATT GTA ATT GCT TTA GTT TTA AGT GCA TGT AAT TCA
Ile Phe Leu Ile Val Ile Ala Leu Val Leu 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 Ile Asn Ser Ala Ile Leu Leu Glu GIn 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 TTA GAA AAA TAT GTA GGA AAA GAT ATC ACT
Ala Tyr Ser Pro Ile Leu Glu Lys Tyr Val Gly Lys Asp Ile Thr

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

390
GCA AAC AAT AAA ATT ATA AAA GAA ATC GGT GGA ATC AAA AAA GTT
Ala Asn Asn Lys 11e Ile Lys Glu Ile 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 Val

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 Leuy Asn Lys Leu

570
ATC GCA AAT GGA AAA TTA AGC AAA GAA AAC AAA AAA TTC TTA CTT
Ile 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 Ile 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

Inducible B-Lactamase Gene from Staphylococcus aureus 23

630 720
ATA ACA TAT GCT TCT AGA AAT GAT GTT GCT TTT GTT TAT CCT AAG
Ile Thr Tyr Ala Ser Arg Asn Asp Val Ala Phe Val Tyr Pro Lys

750
GGC CAA TCT GAA CCT ATT GTT TTA GTC ATT TTT ACG AAT AAA GAC
Gly GIn Ser Glu Pro Ile 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 Glu Phe #*

AACATCTTATATTTTGTATTATCGTTGACATGTATAATTTTGATATCAAAAACTGATTT
TCCCTCTATTATTTTCGAGATTTATTTTCTTAATTCTCTTTAACAAACTAGAAATATTG
TATATACAAAAAATTATAATATAATAATAGTAAGGTCTAATTATAGGTTGTTCATC 3’

Fig. 4. Nucleotide sequence of the bla gene and its
flanking region and deduced amino acid
sequence of f-latamase.

bla Tz FHALS 846base(FHIRE E£3hHe} 1L
AF2 370base7tx] Y FAIES s 220
base7tA] ZAE @7id-E 7] HEH bla FHA
2 2 9 G719 vl g A#HE Fig 5ol £4]
stk A" "A A71MDelA bla A= A
TEL 370U AREk glow(2/el A (Inin 2
EA) FHZELS 1216 drldlA A=sta Qi)
(Z2&lA (Term)e2 #A]). b2 plasmid FeH<]
bla FFAAEANME TEHCZE Hindlll QA]%-317}
WA ZES] oF 140base A5al 2359 2ol $13
sl vl & AlY dHAdel bla(SA-C-bla, bla from -
Staphylococcus aureus chromosomal DNA)| A=
o]¥t} oF 130 base o)A v AFZEo 2 %A bla
MAIZ =T oF 370 base] Ag]E T Hindll ¢
A9z EAslae gdckFig 59 MdelA= =
SE). o1 F bla AL AR d71Ad wlaelA] &
Alg A SA-C-blag A9 & 2E plasmid
frelel bla FHA F7INGEL A2 bla T2
AR BE bla MAZESZHE L 140 base
9] Hindlll Q145174712 4714 d ZAkx o)
* F& AFEAL FA8kL e Hl8 SA-C-blate
ol 53 T& FAHAEFE AF T8base(LHAY | &
FEAIR 205 A7) 7ARARE o1& AbgAde] UA
HAL 1 o]k A3 vuny v gl AR o
stk 28y AAER bla fARY AAE 93
promoter 3 ©]¢] =& 3 ribosome 239
& vutide]l © BE 7| de A AEAde)
AL 9l NAIZELZNE] AR 78 base Ale]ol
At A BEF S AAeK 2 (—35). (—10). (+
1) 2 (SD)E E7]). 53] o] %9 o= =
A4}eF wkE 4 F(inverted repeat sequence, L3 o A]
672 —»2 FA)o] AL sl ol olvkw bla
mRNAS®] 22}7-%o 7]edgto 24 blgo] fikA] o
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1

SA-C CTTGCGCATCATTGGATGATGG
(HindI1I)
. . 50 . . . .
SA-C ATTCGAAGACGCCTTTCAATATACCGTACAAGGAAAT TCCCACAATCGACTAAAGAGTACCAATCTAATT
100 ) . . . 150 .
SA-C GAACGACTGAATCAAGAAGTACGCAGAAGAGAAAAGATTATTCGCATCTTCCCCAATCAAACATCAGCCA
. . . 200 . . .
SA-C ATCGCTTAATTGGAGCCGTTCTTATGGACCTACATGATGAATGGATTTATTCTTCAAGAAAATACATCAA
. 250 . . . . } 300
SA-C TTTTGATAAGTAGAAATGGTAAAAACATTGTATAGACTTTTACACAGGAGTCTGGACTTGACTAAACTAT
pPC1 T——=T-=~T-A-CCATTT-AACAC-TTCTTTCAAATATT-AT—A-— -] -
p1258 C-T-CT-TGC C-T~AT-=-T—--T-A-CCATTT-AACAC-TTCTTTCAAATATT-AT-A-—e——_ -
p11071 C-T-CT-CGCTCGT-AT--GT—-TT-A-CCATTTTGACAC-TTCTTTCAAATATT-AT-A-———— Ad-
pUB107 C-T-CT-CGCTC-T-AT-~GT--TT-A-CCATTTTGACAC-TTCTTTCAAATATT-AT-A-————A-L
(HindTI1)
. . 350
—————————— > mmmmm—> > <-—— < <
SA-C TGACACCGATATTACAATTGTAATATTATITGATT TRITAAAAATTACAACTGTAATATCGGAGEGTTTATT
pPC1 -
pl258 ———— —
pl1071 — T T T
pUB10T - A A T
(-35) (-10) (+1) (SD)
(Init) . . 400 . . . .
SA-C TTGAAAAAGTTAATATTTTTAATTGTAATTGCTTTAGTTTTAAGTGCATGTAATTCAAACAGTTCACATG
pPC1
pl258
p11071 c c
pUB101 C
450 . . . . 500 .
SA-C CCAAAGAGTTAAATGATTTAGAAAAAAAATATAATGCTCATATTGGTGTTTATGCTTTAGATACTAAAAG
pPC1
p1258
p11071 A
pUB1O]
) . . 550 . . .
SA~C TGGTAAGGAAGTAAAATTTAATTCAGATAAGAGAT TTGCCTATGCTTCAACTTCAAAAGCGATAAATAGT
pPC1
pl258
p11071 G
pUB101 G
. 600 . . . . 650
SA-C GCTATTTTGTTAGAACAAGTACCTTATAATAAGT TAAATAAAAAAGTACATATTAACAAAGATGATATAG
pPCI1
p1258
pI11071 A A
pUB101 A
. . . . 700 . .
SA-C TTGCTTATTCTCCTATTTTAGAAAAATATGTAGGAAAAGATATCACTTTAAAAGCACTTATTGAGGCTTC
pPC1
pl258
p11071

>

pUB101
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SA-C
pPC1
pl258
p11071
pUB101

SA-C
pPC1
pl258
p11071
pUB101

SA-C
pPC1
p1258
p11071
pUB101

SA-C
pPC1
pl258
pI1071
pUB101

SA-C
pPC1
pl258
pl1071
pUB101

SA-C
pPC1
pl258
pI1071
pUB101

SA-C
pPC1
pl258
p11071
pUB101

SA-C
pPC1
pl258
p11071
pUB101

SA-C
pPCI
p1258
p11071
pUB101
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. . 750 . . . .
AATGACATATAGTGATAATACAGCAAACAATAAAATTATAAAAGAAATCGGTGGAATCAAAAAAGTTAAA

o

G T

800 . . . . 850 .
CAACGTCTAAAAGAACTAGGAGATAAAGTAACAAATCCAGTTAGATATGAGATAGAATTAAATTACTATT

. . . 900 . . .
CACCAAAGAGCAAAAAAGATACTTCAACACCTGCTGCTTTCGGTAAGACTTTAAATAAACTTATCGCAAA

. 950 . . . . 1000
TGGAAAATTAAGCAAAGAAAACAAAAAATTCTTACTTGATTTAATGTTAAATAATAAAAGCGGAGATACT

. . . . 1050 . .
TTAATTAAAGACGGTGTTCCAAAAGACTATAAGGTTGCTGATAAAAGTGGTCAAGCAATAACATATGCTT

—
[pR o]
[}

' . . 1100 . . . .
CTAGAAATGATGTTGCTTTTGTTTATCCTAAGGGCCAATCTGAACCTATTGTTTTAGTCATTTTTACGAA

1150 . . . . 1200 .
TAAAGACAATAAAAGTGATAAGCCAAATGATAAGTTGATAAGTGAAACCGCCAAGAGTGTAATGAAGGAA

. . 1250 .
(Term) > >
TTTTAATATTCTAAATGCATAATAAATACTGATAACATCTTATATTTTGTATTAT CGT
ATTTTGTATTAT-—-
ATTTTGTATTAT-—-
T G CGT

GTTCTGTTGCAAAGTTGAATTTATAATATAATTTTAACAAAAAGGAGTCTTCT

1300 . . . . 1350 .
TGACATGTATAATTTTGATATCAAAAACTGATTTTCCCTCTATTATTTTCGAGATTTATTTTCTTAATTC

GTATGAACTATTTCACATATAAACAATTTAACAAGGATGTTATCACTGTAGCCGTTGGCTACTATGTAAG

25
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1400

SA-C TCTTTAACAAACTAGAAATATTGTATATACAAAAAATTATAATATAATAATAGTAAGGTCTAATTATAGG

pPC1
pl1258
p11071
pUB101

. 1450
SA-C TTGTTCATC
pPC1
p1258
p11071
pUB101

ATATGCATTGAGCTATCGTGATATATCTGAAATATTAAGAGAACGTGGTGTAAACGTTCATCATTCAAAC

1500

GATCTACCGTTGGGTTCAAGAATATGCCCCAATTTTATATCAAATTTGGAAGAAAAAGCATAAA

Fig. 5. Nucleotide alignment of five bla genes from Staphylococcus aureus plasmid pPCT (4), p/258 (10). p/1071
(4), pUBT0I (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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ABSTRACT: Genetic Organization of an Inducible p-Lactamase Gene Isolated from
Chromosomal DNA of Staphylococcus aureus

Kim, Young Sun, Kyung Il Min, and Woe-Hyeon Byeon* (Department of
Microbiology, Kangweon National University Chuncheon 200-701, Korea)

An inducible f-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 pPC1, pI258, pl1071, and pUBI101. Base sequence of 843 base-long
structural gene of our bla was same as that of pPCl-, pI258-, and pSl1-bla. However, HindIll
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 pl1071-bla
was deleted in our bla. Amino acid sequence homology analysis of the ORF located around
HindIIl recognition site reveals that this 80 amino acids-long polypeptide is C-terminus

of transposase of Tn4001.





