[FE - 25%)

it B W AW 20> 45 B S 4172 ampicillin B streptococei @ f -lactam # &2 1k &

penicillin binding proteins

WZIW3 % WFgE

e %2 K X%

TSP A 2 1 LWL R s
CEME 10 927 19 1214 -

e AN X D ampicillin (ABPC) 1 ug/ml 7

streptococci XML 7L 27,

Wk a 74 Yl 56 Y (75.7%) X D TERRAKRII X7

C1AT: ARG il 542)

Pk 10 458 1) 28 1172 A

747 Mitis-Salivarius % X FE# % vy ABPC i1k
EEx 7

154 #ko> ABPC il streptococei % /EAL #IMEARIZ X U [l U 7245 42, Streptococcus parasanguis 3

80 ¥ (51.9%) %o,

Streptococcus oralis 33 ¥ (21.4%),

Streptococcus mitis 7 ¥k (4.5%) Td

-7z MIC flid#EPHix, ABPC 1~16 ug/ml, cefaclor (CCL) 2~>128 ug/ml. imipenem (IPM) <

0.06~2ug/ml THYH, HHIZBITD
MR/ S A APAR) B A IR )

WURDO RUL TS 5L 72kl 1:TH R
IPM @ BLRIELZ LA TN AER S N7z,
<y 3ib-3%

(RAERUE % PCRIEIZE WV BE L2485 Tixd

WAL A O B -lactam ML streptococei 1 EH AT VT W12

L Sk R

3 HAo MIC itz 23 LH FirLTw
guis, S. mitis D57 #E#k O penicillin binding proteins (PBPs)
polymerase chain reaction (PCR)
Co W,
A O MIC fiti & % PBPs /3 > FRIZ
(ICs i) 124X 3 HEA & L IitEA b S 7z,
7 { k4 PBP2b 124 WA D Z

Streptococcus pneumoniae ~OMVE# ( F OEK

otz
@ fluorogram (217 57y Py — 2
TR L 72 16S-rRNA
ABPC, CCL,
v 50% WY S
- S, mitis OYES#EFET PBP2b, 2x JH{x
L2 LAVRIE St LI
{EAET Z 0] BEVEA D D, WAL
ROMIMTHEETHLEEX D

S. parasan-

ZNHOHKOM % PBP &

Key words: oral streptococci, penicillin binding proteins, f -lactam #:fif 1)

Oral streptococci (ZLIED T TOMIA S #E 2 D
Lol HERALMEANTH LA, 2o - )T LIFERER
B, KB S B OB ORIEZ L L Tw L
WA, AR -HOENIIZE T, ALKV A TH
572 B -lactam I L, HEAENNT
binding proteins (PBPs) DA WAZ L Z LA HIY 21
Twa>7 $7z,
moniae (PRSP) OB #{x 1191
cocci X OBEIT PBP #{zs FOHIBMZ B I 572 RTH D
oA e, PRSP ~Ofit ki fx ot s LTH

iFH SR Th Do,

% penicillin

penicillin resistant Streptococcus pneu-

ik oral strepto-

)i, R BV TR f -lactam FIER IR Z D)

BlITe7 2 282223 Tw 2 512 ampicillin
(ABPC) 3L TLF L) .
ORI T O K5 o 2 O TEIK LA <Hluw)1t Lk
o, LN g0 PR KON S L X

#LTL‘Z)( e

NWHED) LY

SHLOWRESE AT, AETE, R Y
Y, oY iEH e RBE L 2 IC g
ABPC itk oral streptococci (22T Wﬁ?&’?”llb‘/'{'?‘% L.

b

A N RGE L WX W 2-1-3

M ALZ 330 2 (RS X NI MEBR O streptococe 124k
A/)Z)."U"f-’bl L7z, 7 mEbkICOWT, f-lactam #
M LM Ny — 2 LRI 2 S H n'-r; ABPC,
cefaclor (CCL). imipenem (IPM) (I3 2% A &-ZM %
WL, iokko> PBPs ) 2405 3 AN T 2 BLAITE
TR R LB L 72 2 5120 polymerase chain reac-
tion (PCR) 12X D 708k 16S-ribosomal RNA ) i#i{s:

At BB -lactam ML L DM X T 5
Streptococcus mitis ¢ PBP2b. 2x @if{x fFOLRIZIWL TH
KEiro 72

I 8 & F &

1. kR Rk

JEHERHR Y LT, S, mitis ATCC 49456, Streptococcus
oralis NCTC 11427, Streptococcus sanguis ATCC
10556, Streptococcus parasanguis ATCC 15912,
Streptococcus gordonii ATCC 10558 % fliJj] L 72

2. EH A

f -lactam # X L T ABPC
A TPM (5 ) B4
mez..

(WY, CCL (it
DI AI] 2 70 T2 A % fli



376 1A L7 e iR & b

3. Bal ik
1)tk Amiiih o> ABPC fiftl oral streptococei
D

RFHREGHT 6 22 H PR 2 0 L Tu A e
WA 74 % CER 21~25 %) Z o e Lz, Meofu)

% FRIGE 212 GAM broth (HKREE) 12T 10 iR
EEAML, MBS 50 ul #Mitis-Salivarius agar
(MSA; Difco, MI, USA) "M L 1" ABPC 1 ug/ml
GAT MSA VPRI ®IKL 2. AT ¥ v 8 —
(MIP-1025; Forma Scientific, Ohio, USA) INT H.
8%, CO: 12%, N: 80% %fF N, 37C, 48 Wpfjk; %
L, FH L7z =—K X Y& streptococci B LT
ABPC (24§ 5 iifth streptococei $1% 52 H L 72. ABPC
lug/ml 47 MSA VM EIZEE L0 =—=2 58/
L, MR ETORET 2 MRS N7 Wik &
L, 7948, 7%5—¥FAMeiro7z, £72,
f -lactamase OM/EfExr = btoat 7 1 71 R
(Cefinase, Becton Dickinson, MD, USA) (2T~
7z

2) RO B LI TEARL X B RN

MESNTEA Y T — RN T LABMERKIZOWT,

Beighton &0 Jiike (2X Y, Bk X ORI H
(4-methylumbelliferyl %8k, Sigma, Mo, USA) %
v 72 glycosidase 1ifith: 7> ©> streptococei @ B i % [4] 1
L7z MEEWEIC X 280858013 96 /X ELISA JI< L
F7L—F (A3 Y) LT, 9V F7L—-}F)—%
— (CYTO FLUOR 1I; Perseptive Biosystems, MA,
USA) 12X D HEL 7.

3) rHEERFRD B -lactam HI&Z M

Streptococci & o X Av7z Mk & R GUZ, BOEHUAA B
Bk B MIC M & 1A L Ptk kil (2L
Tiro 72,

4) Penicillin binding proteins (PBPs) O #iif

(1) Fluorography (2 X % PBPs O il

Table 1.

OCT 1998

Usui Ot izfevy, #Bm o s £ phenyl-4
(n) -*H-benzyl-penicillin (*H-PCG; 777GBg/mM, 37
MBg/ml, Amersham Life Science, Bucks, UK) %/l
T fluorography #1r\», PBPs & X #7 1 L A kO
Hqpony FELTHRINLZZ,

(2) B -lactam # X PBPs & O BLHIME DK

Wb O I 5712 ABPC, CCL, IPM OW§hhyo
#Alo MIC ftiffii &bk L 4 A HRMNZ IR T
32°C, 30 /MG, "H-PCG MR 7z LBED TIH
13583 o fluorography & IkiZ4T->72c PBPs O3>
Figps 25> > b A — % — (Microdensitometer 3CS;

Joyce Loebl, UK) Tl L, *H-PCG DA% KL S

L —r OB by NS 100% & LT/N Y Nt
BEAS 50% (ZIR89T 5 A OFRMEE (IC0) %R
L7

5) PCRikiZ X %8s FHk

(1) #Brk7A o DNA filil

Bl o> DNA ($7 7 LktE@ ] DNA 708 » b
(Puregene; GENTRA SYSTEMS, MN, USA) (24D
b L, 2 EREEE (UV-1200; B #7%) 12T,
260 nm OWOLIE D S I L 72,

(2) PCRH774<—

PCR Wl 754 =—1d Table 1 {Z/RL7z EHIZS
mitis {22V T, Garnier HIZ X D Wiy h:
D-Ala-D-Ala ligase #{x (-0 S. mitis F@END 7T 7 4

= H ] Lf:L

(3) PCRIZ& Ziti{s -

M (10 mM Tris-HCl, 50 mM KCIl, 1.5 mM
MgCl, pH88, 757 —527 /0y —, dx) i
0.625mM ANTP (#4757 1 —57 7 /03—, Hil),

0.25uM %754 ~<—+%t v I, 0.025U/ul Tag DNA
polymerase (Super Taq DNA Polymerase; %7 7 1 —
77703 —, J50). %Ktk DNA 10 ng/ul &% 5 &
I E ML, A —c Vvt 7T —

Nucleotide sequences of PCR primers

Target gene  Referenced sequences

Primer name

()hgodwxvnucl(oud( sequence PCR produnt (size, bp)

16 S-TRNA S, parasanguis upstream primer 1
S. oralis 2
S. mitis 3
S. sanguis 4
downstream primer 16 S-D1
pbp 2b S. mitis upstream primer Sm 2 B-1
Sm 2 B-2
Sm 2 B-3
Sm 2 B-4
downstream primer 2 B-D
pbp 2 x S. mitis upstream primer Sm 2 X-U
downstream primer

2 X-D

5-CAACCATGAAGGTCATGACG

5-AGCTTGGTGCTTGCACCGAGC
5'-GAGTAGATGTTGCATGACATTTAC
5'-AAGGAGGAGCTTGCTTCTCC
5'-GAGAGGAGCTTGCTCTTCTT
5'-AACCTTCTTCACTCACGCGGC

Spa—lGh (352)
So-16 S (244)
Sm-16 S (352)
Ss-16'S (351)

Sm 2 B-1 (240)
Sm 2 B-2 (561)
Sm 2 B-3 (284)
Sm 2 B-4 (223)

5'-ATTAATTCTTGGTACACTCAGG
5-TTGGCCTTCCAAGATAGCG

5-AGACCTTGACAGACCAACCG
5-TCAGGCTTACGGTTCATTCC
5'-AGTTGACTCATCTGGAAGGTC

Sm2X (919)

5-TCCTTGATGCTAGGCATTGC
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(Quick Thermo Personal QTP-1; IIAY = %7 1 7 &,
gout) (24 v b L, first denature 94C, 5 7Mo%,
94C 190, 55 £/ 56C 1 40, 72C 1 4
T 20 A 7 VOB E e, 2512 720, 10 srEo
P bt 215 » 720 KlkkFHE 1ug/ml =F Y% 470
VA NEA 1% TAHAO= AL &I, Skl (pH
8.0, 0.02 M Tris, 7.5 mM acetic acid, 1.0 mM
EDTA-2Na) W CHAKEIL, F7 2403 3—%

L7z,
II. #% R

MU 72 B K OB ka2 v, LU N o &
W7z,

1. feEHER AME#O 1 o) ABPC fiff) oral streptococci
DL EN

T4 YOS LD ABPC 1 ug/ml {547 MSA "B
Eff 7 ABPC i1k streptococei i L7z 2 5,
56 i (75.7%) TIHTERRD B S Av7z. Bellh i B
2.0%x10"~2.0x 10" cfw/ml OFPAT, HIF T3 1.0 %
10 cfw/ml, PEFEOHF streptococei I i 2 {3 (L
13 0.027% Tdh -7z,

2. rEERARO AL AR X D RN E

ABPC 1 ug/ml i 4i MSA FHA & 5B T - 72
hy =X, 77 4K % Beighton H O )
e TR AR X D RidEE ME L 722 24, 170
v 154 ¥&7% oral streptococei T Y, S. parasan-
guis 7' 80 tk (51.9%), S. oralis 33 ¥k (21.4%), S.
mitis T ¥ (4.5%), MEATE 34 #& (22.1%) TH-
A
3. ABPC [} streptococci ¢ ff -lactam #{Z % § %

oo

Ampicillin (strain) Ampicillin (strain)
MIC (ug/ml) 60 - - 60
\ P |
B 1 50 - C 50
9
- 40
74
30
78
20
W 16
10

Ampicillin concentration
(ug/ml)
Fig. 1. Susceptibility distribution of ampicillin (ABPC) r‘es%stgnt s.train of streptococci isolated from healthy adults’
saliva against ff -lactam antibiotics. Each isolate was distinguished by the MIC value for ABPC.

Cefaclor concentration

Ampicillin ik oral streptococci B 377

or#EvkO) 5 £, streptococci kIl X vz #ko) MIC
izl L7z, ABPC @ MIC fiilx 1~16 ug/ml OFEPH
THY, CCL 2~>128 ug/ml, IPM=0.06~2 ug/ml
THh-7:. ABPC & MIC fliZ LiZ@tkzdyIL, 77
712& D CCL, IPMOMIC flisrfi Lk lL7zE 25,
WO 3 EANIHT LT LL P LT
#ehr -7z (Fig. 1). ¥7z, f-lactamase iifEidpkbz
MN<Tdh-7,

4. PBPs /3 » K788 — o b 3EAHRITE

S. parasanguis OXHER PR, W R 1 FR
(S 7-4 ), TERk 6 # (A 16-8 fk, A 21-7 #,
A 16-14 #k, B 12-2 #, 5-1 #8), B LS. mitis Dk
W fR, YRR 1 Rk (S-5 kR, mPEMR 1 B (B 3-6
k) (2DWT PBPs W K8y — o L L7z 25,
Mg AL s LB ARSI ) T = 3 AR SN,
EHERbR 3B L d o7 (Fig. 2). ThHOHD
PBPs - ABPC, CCL, IPM & ® BHI?E% competitive
assay (2L WM L7z Fig. 3 (213 S. parasanguis 75
ko> 9 t, PBPs /v ¥ K87 — U HILL Tuw 7z
ABPC I&ZPE#E S 7-4 #k3 X Ol PE#E 5-1 ¥ fluoro-
gram, Fig. 4 (2% PBPs /N> N IEOWET 57 %
MRL720 PBPs 30 D KEWIFIZF > /v—=1 > 7 L
72 S 7-4 # (ABPC MIC=0.25 ug/ml) ®#: PBPs /°
v FIRIEWE ABPC NS X D B d0ZHys L, 0.5 ug/ml
WO MERIE D 20% UL F & 7o 7248, 5-1 kk
(ABPC MIC =16 ug/ml) Tl hil Hmisiz 4% 60%
HEk{E L7z, CCL &y, S 7-4 ¥ (CCL MIC=
8ug/ml) O# PBP /3> FytlEld 8 ug/ml VRN (2 e
wmEo> 25% LLF £ TRyg L7zt L, 5-1 kk
(CCL MIC=512 ug/ml) Tld 128 ug/ml HEMIFIZH W
TH 4 A0 PBP N> FARAEL 72 5-1 MO0 14t

Cefaclor (strain) Imipenem

Imipenem concentration
(ug/ml)

tug/ml)
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S. parasanguis

strain  1YPe
strai

Ampicillin MIC 195 095 2 4 4
(ug/ml) [ ] |

S7-4 A16-8 A21-7 Al6-14 B12-2  5-1

S. mitis

(kDa)

97 4w

66=

47.5=

strain Ty pe
strain

S-5 B3-6

Ampicillin MIC
X 0.125 4
1F (ug/ml) 0.03 t

susceptible

resistant

susceptible resistant

Fig. 2. Fluorographic patterns of penicillin-binding proteins (PBPs) in Streptococcus

parasanguis and Streptococcus mitis.

Ampicillin
MIC=0.25

0 00

Cefaclor

125 05 2 8 0 05

Imipenem

MIC=8 MIC=0.015

8 32 128 0 0.006 0.03 0.125 0.5 2

Ampicillin concentration Cefaclor concentration Imipenem concentration
(ug/ml) (ug/ml) (ug/ml)
PBP MIC=16 MIC=512 MIC=0.25

5-1 ? T

0 05 2 8 32 128 0 05
Cefaclor concentration
(ug/ml)

Ampicillin concentration

(ug/ml)

0.03 0.125 05 2 8
Imipenem concentration

(ug/ml)

8 32 128 0

Fig. 3. Fluorographic patterns of PBPs in ampicillin (ABPC) susceptible strain S 7-4 and ABPC
resistant strain 5-1 of the Streptococcus parasanguis showing competitive binding between

‘H-PCG and ABPC, or cefaclor or imipenem.

PBPs O Tid PBP2 (47 f it 86.9kDa) 2SMj3EAI xf
THHAUELD o & A7z, IPM RO YA,
S 7-4 # (IPM MIC =0.015 ug/ml) D4: PBPs /¥~ i
IFIESEZRES L7225, 5-1 #k (IPM MIC = 0.25 ug/ml)
TIE PBP 1, 2 DEG/NY FMXH 3 RE D L%
RIS 3 A A Sz,

LR E RO PBPs /N Y FB X U% PBP N Ko
ICs % Tables 2, 3 IZ/RL 720 S. parasanguis Tl
40 kDa Hi#E DK a/y > Fid ABPC, CCL ¢ 0
FIEAME , MIC T ICso (23 LR WIRIRAE o 7295,

IPM & LB BAEDS B2 572 BHHkOD - E D
HAACBRNVED S ¥ FIZEH T &R 7% BB 2R
)i, # PBPs /N FOMEIEX, MIC A EwHKkiZE
EIRTH 72 (Fig. 5)o BHERMICDO W THR PBPs
D ICso k MIC tmﬂﬁﬁﬁfxiﬁﬂl,f:k:?), *HB&H/%%”;
ABPC 0.865, CCL 0.792, IPM 0.862 TH 1, “ihd
HRERAM (P<0.05) A b7z, S. mitis TiE S.
parasanguis \ZILK LT PBPs /N ¥ FOHEMNEL,
AR5 T- 5> PBP /S K% ABPC, CCL, IPM ®
FTARTIZHBR A BAE DSBS A > 720 HEHRIRINIC X %8
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Ampicillin Celaclor Imipenem PBP1
7 [/ —— 77—
100% | 1007 100% B e
strain e “PBP3
5% 5%, I 2] ;
S7-4
! _— MIC=0.015ug/ml <4 PBP4
50% 50% —
MIC=0.25ug/ml L. PBP5
25% PBP6
4 pBP7
0%, 5 S
N R N SV
SN S S
Q
Ampicillin concentration Cecaclor concentration Imipenem concentration
Cug/ml) Cug/ml) (ug/ml)
5-1 100% ‘ 100% 100%,
‘ B rsp1
5% | 757 MIC=512ug/ml 5% | B
l | [ pBP2
T m i
507, MIC=16ug/ml 50% ! 50% : PBP3
[ ‘ MIC=0.25ug/ml
: ' )5 V1 5 pBP4
2 207 N Co 25% IS
P o e T m i s
0% ‘ —_ 07 T o 1 PBPG
2 N I R A
NZ \\\ \\-\/ Q

Ampicilhn concentration

(ug/ml)
Fig. 4.

Cefaclor concentration
Cug/ml)

Imipenem concentration
Cug/ml)

Reduction (%) of the density of the PBP bands by the addition of various concentrations of ampicillin

(ABPC), or cefaclor or imipenem in the ABPC susceptible strain S7-4 and ABPC resistant strains 5-1. The
extent of "H-PCG binding with each PBP band was visualized by fluorography and measured by densitome-

ter. } : MIC value.

PBPs 7y > B o)y (0 11k o };‘7);).!; A bR L Ok
TERE D DFEIRTDH > 72 (Fig. 5
5. PCR 2 X 2l s (175 0)1*111
1) 16 S-rfRNA 7 7 4 v =% W 7.
S. mitis'", S. oralis'™', S. sanguis". S. parasan-
guis™ ® 16 S-rRNA itifs Fisizd L o&, 754
—%il L7z (Table 1). ®JMEERif%)lv72 PCR T
i3, S mitis (X2 23, S oralis i1 k2,
x4, S paraeanguis‘ 21Ol 7 74 ~— Lo
Mt 774 <— 16 S-D 1 & TZHTALRIA e 5 AL
foo SALS O MEHE R FR O Y 2 b (MR PR T b bR
2 PCR %4572 2%, WISPHE BT, LoRifio
IR R L OBy — 2 L L\fM\ 132 fp
81 ki 7z. AL AR T g S ALz R Ao S
“*H&Hifk OB Z L2k 114 Mol 17 T - 72

=]l

S. sanguis

Table 4) PBPs # #iid L 72 S. parasanguis 0758k
0)l|r 3 JeE ik W LIy =2 (17543
O)Als*ullm % L7220k ABPC &zt tho) S7-4

BB X OTEREO) A16-8 KR, A21-15 HRCTH D,
VKR 5-1 ¥k, B12-2 ¥kix S. oralis %k HFE & Il
ezt 2om7354~—"7T, £/ Al6-14 &, A
21-7 Mg, 1, 1t OW7 I {7—"7T, TAZIHmAH
b L7, PBPs & Muid L7 S, mitis Tid ABPC i
PEo) B22-4-2 BRI JEHER PR L Ml LIOs /vy — - (2,

—THImG) s L7zAs, Vb S-5 fk
2, 2. 3, 1o 3fioTI A T—=12n L7
2) PCR {ZX 2% ABPC 1l S. mitis > PBP 2 b, 2
x s FZIF 2 0
AL AITEIRIZ T S, mitis 2 Wl Xdvzz o0 kkoonp
T, 16S-rRNA ©» 2, 3754 <—41 X1 D-Ala-D-
Ala ligase s#{x -9 S, mitis MW7 74 ~v—=Tk{
1'.'.'111.”75 flial X417z 6 ¥, T4t ABPC W21k
S-5 ff) LTtk (B3-5 #k, B3-6 fk, B3-7 fk, B3-8
ik, B22-4-2 f%) «*:HJM. JEE R kR & & 4T PBP2b,
2x ifn T M 2 70 (Fig. 6). 6 B3 X
OB IRT, PBP2b i 1o £ RETE o i U
g L7z it 794 ~—Sm 2 B-2 2l Nl 7 5
{ < —2B-D T DNA ®OHlilii (561 bp) %2 HAL7:
)i, PBP2b iti{z [-® resistant block X M4 % Witk
DOENKIIOT7 54 ==, Sm 2 B-1 (H7li Wik 240
bp) & U\':(/)'i_ Tt Ml L7 Sm 2 B-3
(Hili WUk 284 bp), Sm 2 B-4 (WL 223 bp) T
(E SRR R RIRIW S fM S-5 f£ T DNA O WIbiAH ik
AASALZZDY WHPERE 5 BT IS A e HAL A 72
). PBP2x @ LWNHIN 75 1~ — Sm 2X-U B k
O 2X-D (BB W 919 bp) TET X TORIZHB VLT
DNA O RliA A & 472
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Molecular mass

pr:

OCT. 1998

IC (ug/ml)

Table 2. Inhibition of ‘H-PCG binding to PBPs by ampicillin or cefaclor or imipenem in Streptococcus parasanguis

PBP MIC (ug/mlD
Strain
bands (kDa) ABPC CCL IPM ABPC CCL 1PM
S. parasanguis’ total 0.0299 0.0814 0.016
ATCC 15912 1 100.7 0.0073 0.078 0.017
2 96.0 0.019 0.099 0.012
3 92.4 0.042 0.077 0.014 0.125 2 0.03
4 91.0 0.014 ND (H) 0.0004
5 81.1 0.0074 ND (H) 0.021
6 44.1 1.597 56.7 0.0005
S7-4 total 0.0198 1.153  0.0058
1 94.5 ND (H) ND (H) 0.0059
2 92.6 0.019 1.186  0.011
3 89.5 0.019 4.663  0.0056 0.25 8 0.015
4 86.7 ND (H) 0.425  0.0046
5 85.4 ND (H) 0.402  0.008
6 73.7 ND (H) 1.576  0.0041
7 42.7 4.433 4.577  0.0055
Al16-8 total 0.418 0479  0.026
1 98.4 0.279 0.410 0.032
2 96.0 0.280 0.347 0.018
3 93.7 1.106 1.341  0.069 2 4 0.12
4 89.9 ND (H) 0.786 ND (H)
5 84.3 ND (H) 0.353 ND (H)
6 42.9 7.77 ND (L)  0.025
A21-7 total 0.334 1.335  0.020
1 98.3 0.273 1.235 0.021
2 93.2 0.328 0.50  0.055 4 4 0.25
3 90.3 ND (H) 250 ND (H)
4 87.8 ND (H) ND (H) ND (H)
5 38.3 7.25 147.2 ND (H!
Al6-14 total 0.425 0.401 0.0167
96.1 0.269 0.319  0.017
2 92.4 0.285 0.30 0.019
3 87.5 ND (H) ND (H) ND (H) 4 8 0.25
4 84.0 ND (H) ND (H) ND (H)
5 81.1 ND (H) ND (H) ND (H)
6 40.6 13.6 458.3 0.016
B12-2 total 1.254 212.74 0.102
1 94.7 0.433 0.434 0.349
2 87.6 11.08 782.3 0.129 8 512 0.5
3 83.5 0.266 0.406 0.084
4 43.3 14.96 567.8 0.048
5 42.0 8.193 ND (L) 0.041
5-1 total 1.387 45.38 0.037
1 92.4 0.607 0.489 0.093
2 86.9 3.867 127.3 0.043 16 512 0.25
83.1 0.357 0.430 0.019
4 712 ND (H) ND (H) ND (H)
5 41.1 6.549 643.0 ND (H)
6 6.929

1C".. concentration of antibiotic required to decrease

376

239.5

the binding of 'H-PCG to PBPs by 50%.

ND (H)

ND, not determined: (H), high affinity PBP; (L), low affinity PBP. T: Type strain.

ABPC: amipicillin. C'CL, cefaclor, IPM: imipenem
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Table 3. Inhibition of 'H-PCG binding to PBPs by ampicillin or cefaclor or imipenem in Streptococcus mitis

. PBP Molecular mass ICw (ug/ml) MIC (ug/mD
Strain T _ S
bands (kDa) ABPC CCL IPM ABPC CCL IPM
S. mitis’ total 0.0059 0.0247 0.00045
ATCC 49456 1 101.5 0.0112 0.074 0.0041
2 98.5 0.045 ND (H) 0.0050
3 94.3 0.0068 0.398 0.0004 0.03 1 0.03
4 90.7 0.0286 0.0418 0.0012
5 88.4 0.006 0.0213 0.0003
6 85.9 ND (H) ND (H) ND (H)
7 83.6 0.0049 0.041 0.0001
8 80.3 0.0063 0.069 0.0036
9 42.4 0.0046 0.017 0.0001
S-5 total 0.0059 0.026 0.0011
1 94.5 0.013 0.155 0.015
2 90.2 ND H» 0.071 0.0003
3 87.5 0.045 0.035 0.0091
4 84.4 ND (H: 0.029 ND (H) 0.125 1 0.03
5 81.9 0.017 0.022 0.0032
6 79.5 ND (H! 0.029 0.0003
7 76.3 0.045 1.103 0.0043
8 40.5 ND (H) ND (H) 0.0010
B3-6 total 0.281 0.345 0.057
1 93.9 0.599 1.705 0.077
2 82.7 0.389 1.459 0.028 4 128 0.25
3 799 ND (H) 0.934 0.057
4 75.6 ND (H! 0.500 ND (H!
5 44.2 ND (H) 0.275 0.849

[C'... concentration of nntibiutic; required to d;c‘lzvusv the bindinﬁ of 'H-PCG to PBPs by 507%.
ND. not dentermined; (H). high affinity PBP. T: Type strain.

ABPC: ampicillin, CCL cefaclor, IPM: imipenem

Table 4. PCR amplification patterns of 16S-rRNA gene in ampicillin resistant streptococci

Species number of strains  Typing by PCR of 16S-rRNA gene' number of positive strains
I+ 1type 44
I+ 2+ 1tvpe 13
S. parasanguis 76 I type (S parasanguis’ type! 12
I+ 2tvpe (S oralis' type) 6
I type (S sanguis' type) 1
ttype (S sanguis' type) 22
. I+ 1 type n
S. oralis 32
24 3+ 1tyvpe 2
I tyvpe (S parasanguis' type) 1
2+ 3type (S.omitis' type) 5
S. mitis 6
24+ 3+ Lype 1
I+ 1type 5
3tvpe 4
ttype (Sosanguis™type! 3
unidentified 18 24+ 3 4+ 1 type 2
not amplified 2
I+ 2 tvpe (S.oralis' type! 1
3+ Tivpe 1

. The isolates were identified by the method of Beighton et al.”!

" The sequences of primers are shown in Table 1. T: Type strain.
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Reduction (%) of the density of the total PBPs bands by the addition of various con-

centrations of each ff -lactam antibiotic in Streptococcus parasanguis and Streptococcus

mitis. S. parasanguis: susceptible strains, ()
resistant strain, (@) A16-8, (&) A21-7, (@) A16 14,

ATCC 10556 (type strain), (<) S7-4;
) B12-2, (+) 5-1. S. mitis: sus-

ceptible strains, (_ ) ATCC 49456 (type strain), S xeslstant strain, (@) B3-6.
1. % = D, ABPC MitktkorRE 2 b —2 3 v 3/h3nk £z

M1 ABPC i1l streptococei (ZIMF % #7709 b
af B X OBk 72 p-lactam EPEIZINT 5 -l
OO ESLT A, U NIES -7,

1. fdies AMiijro> ABPC il oral streptococci
DRA

S. pneumoniae 9> PBP jifx (W WML T oral
streptococei @ ff -lactam HPE (L 2TV 2
A PERRO T N T O R 453 L TR strepto-
cocei HHUZWiH 2 HTIZo0 Ty Zd 2w,
i He AMER 10> ABPC {1k streptococci O Fidi %
ABPC 1 ug/ml 547 MSA "2k D iro72L2h, 74
o 56AﬁO)ﬁxﬁﬁ%‘i‘)WTMi*ﬁ‘ﬁHl&?iL, 75.7% &%
URY 7 SR N B A e G A (VR I R (WL B/l LA
KAEDORHAEATT H T Lk Bz L <, F72 oral
streptococei TR IWEFE MO L - L L ko

OTHAHAIEEREZL L, Bl S Auom kA bk %
MA@%HM&Ww$E1L—>a>thﬁﬂLg

L HEPEA s OIS
fif VE ¥k A% streptococei 2\ eb Ll

0.027% THED 2.0x10"~2.0x 10" cfu/ml FIETH

LR

R WA '/J‘, Southall i, 11 AOKRF > 714 T2
1B 212 3 g @ amoxicillin % 1 11 2 ') I
Wg I}‘Hﬁ‘ b "AH—'PW iy Pl streptococei ¥ (MIC=1 ug/ml)

FEMREMIZHE Lo 2 2 A, EERHIIE 2 g a

\{) WYERAMIM SN T A r o7l »hb5T,

amoxicillin &' % 58 [ ke U 7205 00T ok md o P 8
A 100% 2o Y LTS BRINIEEUZM
LT, T OMEL 330 2 Mg 2 sl BRI L 27 3
Bbhtzd, HEPTELZVD, ZolN»od, i

ELIEN TR e ol PE 25, P8 s XD
BIRD 2 DI E A X, B L T L RETEA R

W2k 7)§/J§["“ XM b, f-lactam HOKBLE G, IR
Wl ife g 2 B W T EEDLETH D EMbILA,

2. i [i'l DAL FEIPEARE & 2 o Rl ) i

or#E L7z ABPC fijtl streptococei % Beighton ©®
JiiliTAAL FM AR & O WE L7245 Y, S, parasan-
guis 7* 80 tk (51.9%) L b, b4, WF, S
oralis, S. mitis DMTH -, 72, Oral streptococci @ ff -
lactam i3 S. mitis, S. oralis, S. sanguis \>%
wWrubippa s, SO TIE S, sanguis 138
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Fig. 6. The results of PCR using primers for PBP 2 b and 2 x genes in
Streptococcus mitis, lanes 1-2: susceptible strains, 1: type strain, 2: S-5,
lanes 3-7: resistant strains, 3: B 3-5, 4: B 3-6, 5: B 3-7, 6: B 3-8, 7:

B 22-4-2. Ser: active site serine.
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Study on ff-lactam antibiotic susceptibilities and characteristics of
penicillin binding proteins of ampicillin resistant streptococci
1solated from healthy adults’ saliva

Fumihiko Sasaki

The Second Department of Oral and Maxillofacial Surgery, Tsurumi University School of Dental Medicine
(Chief: Prof. Katsunori Ishibashi), 2-1-3 Tsurumi, Tsurumi-ku, Yokohama 230-8501, Japan

Ampicillin (ABPC) resistant streptococci in healthy adults’ saliva were screened using
Mitis-Salivarius agar plates which contained 1 ug/ml ABPC, and the screen test revealed that 56
out of 74 volunteers (75.4%) retained the resistant strains. The streptococcal isolates (154 strains)
were identified as Streptococcus parasanguis (80 strains; 51.9%), Streptococcus oralis (33 stains;
21.4%), and Streptococcus mitis (7 strains; 4.5%) by biochemical characteristics. The MIC values
of ABPC, cefaclor (CCL), and imipenem (IPM) against the isolates ranged as follows: 1-16 ug/ml
for ABPC, 2->128 ug/ml for CCL, and =0.06-2 ug/ml for IPM; these values did not necessarily
show proportionate distribution between each other. In both S. parasanguis and S. mitis, the
numbers and molecular sizes of penicillin binding proteins (PBPs) varied among strains belonging
to the same species, even among strains with the same amplification patterns of the 16S-rRNA
gene, when examined by polymerase chain reaction (PCR) method. Although the binding affinity
for each PBP of the isolates was diverse among the three [ -lactams, a correlation between the
IC.. value for total PBPs and the MIC value was observed for all three. The gene detection in
the conserved region of PBP2b and 2x by means of PCR indicated the possibility of alteration, at
least in the PBP2b gene of S. mitis resistant strains. These results suggest that the ff-
lactam-resitant population of streptococei may universally exist in the healthy oral cavity, and
that they may be important because of their own latent pathogenicity and potential resistant
gene source of Streptococcus pneumoniae.
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