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Pulsed Field Gel Electrophoresis Profile of Erythromycin-Clindamycin Resistant
Streptococcus pyogenes Isolated in Korea

Young Hee Lee, Kyu Jam Hwang, Kwang Jun Lee, Kang Soo Park, Song Mee Bae,
Hwa Young Sung, Ki Sang Kim and Chong Sam Lee'

Laboratory of Molecular Bacteriology, Department of Microbiology National Institute of Health,
Korea, and Department of Biology, College of Science, Sungshin Women's University, Korea'

Ninety two strains of Streptococcus pyogenes were isolated from patients with pharyngitis,
scarlet fever, skin infection, and invasive streptococcal infections in Seoul, Korea from January
to December, 1998. All isolates were epidemiologically characterized by T protein serotype, and
serum opacity factor (OF) detection to phenotypes. To analyze the genetic relationship, fifty two
isolates including 32 erythromycin-clindamycin (Em-Cm) resistant strains, 20 antimicrobial
susceptible strains were attempted to the pulsed-field gel electrophoresis (PFGE). T protein serotype
showed 16 kinds in distribution including T12 and T4. Among the total isolates, 40 strains (43.5%)
belonged to the T12 serotype and twenty strains (21.7%) to T4 serotype. On the other hand, when
infection aspect of S. pyogenes isolates were analysed by T serotype distribution, T12 type was
predominant for pharyngitidis which contributed to 21 strains (53%) and for skin infection isolates
which contributed to 11 strains (28%), respectively. In case of T4 type, it was the most
predominant pharyngitidis isolates which contributed to 8 strains (40%). In T serotype distribution
of Em-Cm resistant strains, 27 strains (84%) of the thirty two showed T12 serotype. In minimum
inhibitory concentration (MIC) values of Em-Cm resistance isolates, thirty two isolates showed
resistant to erythromycin 27 strains (84%), had high MIC of >128 pig/ml. And also to clindamycin,
twenty two strains (69%) had high MIC of >128 pg/ml.

When OF detection of Em-Cm resistance of S. pyogenes isolates were analyzed by T serotype
distribution, T12 serotype isolates revealed that all of the isolates except one strain were OF
nagative.

In PFGE profile analysis to Em-Cm resistance isolates, of the twenty seven, Em-Cm resistance
of T12 serotype isolates, 26 strains showed identical PFGE profile and all of these isolates
revealed that OF negative. Eighty four percent of Em-Cm resistance S. pyogenes isolates had
identical phenotype and PFGE profile.

These results strongly suggested that the Em-Cm resistant S. pyogenes isolates from Seoul area

A 020009 79 22, AANZAF 2000 89 24Y

-171 -



o] 3 =: Em-Cm WA S. pyogenes T 52| PFGE 4

showed close genetic correlation and PFGE could be available tool for molecular epidemiology.

Key Words: Streptococcus pyogenes, Erythromycin-clindamycin resistance, T protein serotype,
Serum opacity factor, Pulsed field gel electrophoresis
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Streptococcus pyogeneste A 5FF 2 ARG ¥
o ophel #EFE XTI AAY 2HY, O,
HE 59 A4 I 4 AAFALd ol
Frigl2 d 59 vdsyd g FE dodle
2% YA F shjo| e,

S. pyogenesE ¥53h= %% 3 phenotyping
Hh o g= M % T protein 33} serum opacity
factor (OF) 7 &0 2]t} M protein 3ol o 3

AP A 1009 F o] 3ol &AAS 1 3lor,

TFIe] 71 Ao e BF el M
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2 gol HUH o2 F3P35}7] ojPrt. vt T
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Qap7] sl aEe 2o 9 AHgHn
git}. 8 OF+ apoproteinase 24 &89 42
gt ste g4 S/t Yed o2 24
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AA 8 Gl A 4dFEA Burt qAd v
90d ] ZutEe YAFF o Burt Frt
319 o}*1%1%2 53 Clindamycin WA &< 19703
Kohn 57¢] o8] H&H 3 Yo AA7A
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Azt 5 19989 = Aol A £2lE S. pyoge-
nes o)A &7 A Em-Cmell TA A& Hole
37t o golEo] o] FFE g EHF
7 ribotyping ¥4 & €3l Em-Cm WA TFE
el $AH 2B AL B b AT

E. 7= Pulsed Field Gel Electrophoresis (PFGE)
£ o] &3te] FUWE2 Em-Cm WA FFS F47
28L& BXslaA sl e, FAd PFGE ¥
2 o] 8. pyogenesel] W £A FeAHQ PPz
A #83A AHEE F UEAE LotR A 3t
At

1 ALgZS

AAEEFE 19989 19 5H 129714 A g
2% 37] AER A 17] LopT|o A AF4,
AEE, fRE 2 AsA a2 2E 228
9232 2] Table 13 2o}

& F & 925 £ Em-Cm WA S. pyogenes 32
Fo NEZTZoZN £ AF A AL &S 65 3
Aol BF 7449l 205 (FAE T12: 115, TL:
13, T4: 13, TS: 13, T6: 13, T8: 23, T9: 15,
T11: 15, TB3264: 13)E X &3t 5255
© 2 PFGEZ $33}¢ ).

2 HEY AT ot FEHE)

T 482 M g trypsin® 2 F-8 4]
L YL £eols SINSTULE FYP3 S
m, ¥ A2 Streptococcus agglutination typing sera
(Sevec, Czech)Z AH&-8HA T =, Y 3HA ux] o
A &4 vk 2 -2 Todd-Hewitt (TH) broth 5
mle] FF3te] 30CAA ST Wi FAZD ohE
A4 et & Al 5% trypsing 2% &
A7MA 73, pHE 8022 23t 37C IAF
Zo A 1~2A12F B¢k whgA 7 T & PBSRE 1
3] A3t Aoz AESIA T

3. & gdd HA

PRI AAstgor APl g
37 A= 25T Sigmar}l A E S =2 erythromycin,
penicillin G, vancomycin, clindamycin, cefotaxime,
tetracycline 69 F &g A ELE Al&3lo
Ao A4 HA%E (Minimum Inhibitory
Concentration, MIC)Z &7 sl th WAl &= 5% #H
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Table 1. Distribution of clinical type associated with T types among S. pyogenes isolated in Korea (1998)

Site of isolation or Disease

T pe ne- Pharyngitis Sfc;z:/r:‘:t Sputum infescl:(tiircl) 0 C;EE}?;C Blood Wound Vaginitis Unknown

Ti2 40 21 3 1 11 3 1
T4 20 8 4 2 4 1 1
T1 4 4
T28 4 3 1
T8 2 1 1
T25 2 1 1
T8/25 2 1 1
T3 2 1 1
T6 2 1 1
TS 1 1
T9 1 1
T11 1 1
T11/12 1 1
T22 1 1
TB3264 1 1
T3/13/B3264 1 1
Nontypeable 7 2 2 2 1

Total 92 36 9 2 29 5 5 2 2 2

*Skin infection: cellulitis 2; impetigo 1; gangrene 1; pus 25

oF& ol -2- 3 7} 3 Mueller-Hinton v %] o] Z}+ 3}
9] HF Fx7 001558 128 pg/mlo] HA 2w
A3l et} o5 Ao Arkalol AL&SAT
FAERN 2 FIA A5H AR BEE 9
%k MIC breakpoint'= NCCLS (National Committee
for Clinical Laboratory standards) 7] &< uw}ghri”
(Table 2 FZ). A HA 2O F=2 = Sta-
phylococcus aureus ATCC 29213, Escherichia coli
ATCC 25922 2 Streptococcus pyogenes ATCC
10389& <] &3}t

4. Serum opacity factor (OF) A& A

OF A & A 84 -& microwell ¥ © 2, cell extract
i Rehder 579 W82 WP 3te] FAA.

Z, @ FFE TH broth 8 mlo] H F3}o] 37¢C
AN s w FE o= 8,000 rpmell A 10E3H
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AAXNATG. FZYE AAF F 1% sodium do-
decyl sulfate (SDS)ll ¥-/A1# 37°C water bathol
1217t B¢t EE0]F v 12,000 rpme B 3¥-7
st AR Y-S AR AP F &} 96
microwell plateol] ©}¥ A (Sigma)< 100 W& 21
of 7o)l kM Held #F FAd 10 plA S Arst
o £AL e F 37N S FASHA
2} welle] 100 e Y249 +8 H7Hg F EL
ISA spectrophotometric microplate readerE A8}
450 nmojl A} =3 2.1, cut off -2 T FAH Y
o] TFHA F& vEHE FHNEET HA
FEE +3x EFHAR Tl FFE gho] 09
o] 4L FAw-g oz RE=sYr.

5. Pulsed-field gel electrophoresis (PFGE)

PFGE 4 & Stanley S29] 4y -& ¥ & 5l



Table 2. In vitro

o33

%: Em-Cm WAl S. pyogenes #3F2 PFGE ¢

susceptibilites of 92 clinical isolates of S. pyogenes to 6 antimicrobial agents

Anti;réi;:)bial MIC (pg/ml)* Susig/([)))tible i‘;:;ig g?riltl.t.y
Range MIC;, MICso (Hg/ml)
Penicillin G <0.015~0.5 <0.015 <0.015 100 <0.12
Erythromycin <0125~ >128 <0.25 >128 58.7 <0.25
Vancomycin <0.125~ 0.5 <0.25 <0.5 100 <1
Tetracycline 0.125~ 64 >8 <32 48.9 <2
Ceftriaxone <0.015~0.25 <0.015 <0.015 100 <0.5
Clindamycin <0.125~ >128 <0.125 >128 65.2 <025

*MICso and MICso: Concentration of the drug which inhibited 50% and 90% of strains tested, respecnvely

**Based on NCCLS interpretive guidelines

g3

7} A8 FZZ blood agar (BA) platedl] & 238}
37CoAM SR Wi F Eed JEE TH
broth 5 mlol| H F3le] 377, 5% CO; A5}t A
s Mt 02 94 pelstac. 998 4
A}E washing buffer (10 mM Tris - CL, pH 7.6)=
AR & FE ARk ATFHAE 50T
water bathol] o] &2 & utm u|g] 50C water
bathel] 2] FUE 1.5% low melt agarose (Bio-Rad
162-0017)F FHE 1: 1 (vv)] ¥ &2 E &3}
ok 100 plZ plexiglas moldo]] ¥-& F 4o 4
A A ¥ st

2} agarose plugol]l 1 ml lysis buffer I [10 mM
Tris - Cl (pH 7.6), 100 mM EDTA (pH 8.0), 1 M
NaCl], 10 pl lysozyme (100 mg/ml, Sigma), 5 pl
mutanolysin (400 pg/ml, Sigma), 2231 1 ul RNase
(10 mg/ml, Boehringer Manheim)-& A] g Tl ¥ 1
37¢, 6/\] 7} shaking®} T}-2- fresh lysis buffer2 3t
33 & 37 C oA 32 shaking A 8H-3-A)
Zt}. Lysis buffer I8 A A3}32 1 mle] lysis buffer
11 [0.25 M EDTA (pH 8.0), 1% N-laurosylsarco-sine}
2} 50 pie] proteinase K (20 mg/ml, Promega Co.)&
AR 27k o] S6tTolA 6412 B WA
71 T2 fresh lysis buffer2 w38lo] 56 ¢4 3}
Sk shaking 3R ¥HSAIZ T WHEAIZ] plugE
washing buffer {10 mM Tris - Cl (pH 8.0), 1 mM
EDTA (pH 8.0)]2 5~73] 24217t A& & T 1 ml
9] restriction bufferE 3 7}3td 1417 < 4T
=itk

A4 A2)= 2z} agarose plugell 2 pt BSA

(10 mg/ml), 25 ul 10x buffer, 2 pl (20 U) Smal 2
220 Wl BEE FHFE 727 @rhskod 25CAA
184) 7} shaking 3} A DNAE A 3}9]th. PFGE
+ contour-clamped homogeneous field machine
(CHEF-DRIII system, Bio-Rad Lab)& o] &38l3 6
viemZ 14CellX 2243F A7) 9F 352, pulse
time2 53| A 35%7A 2 R} A7) Fo)
£t gel2 ethidium bromide (1 pg/ml)Z G 48t
UV transilluminator AFo| 4] &<Q15}% 2™, standard
size marker 2+ lambda ladder (Promega Co.)& A}
B3t ot

2 o

1998 19 B8 12972 A &off A&A) & 370
st da 17 dotela IFE, A%, IF
#AE 2 AEA4 $AZEE Eed 2F F ¢4
A Em-Cmell A W& Bole #F& 32F
(B5%)R o0, F NFd e EHEY EX= T12
9 1742 233l 25 16202, A E T2V}
403 (43.5%), T47} 205 1.7%)= AX 2T F
o] 65%% A StH vk (Table 1). B o5 FF9]
g ddl W2 3y BRI E W @AY T2
ol A% A%d, ARgd % v Fold Aol
A BEl® 7371 7447 213 (53%), 115 (28%), 3
Z 8%)= FAstEt A E T4e AF4F &4
oA Eelg FFIL8F (40%), BEE FA R &
doA eld aF7t A2 47 20%)E A5
Ha, Y T1L B 5 45 BF 9%
e 4ozl Sxoa Eelg At

jus
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Table 3. T protein serotype, serum opacity factor,

and MIC value of 52 strains of S. pyogenes which

were analyzed by PFGE

MIC of each

Seruym  20timicrobial agent
Strain No. opacity (ug/mi) Sero-

factor  Erythro- Clinda- type

mycin  mycin

Em-Cm resistant strains
B-5 - >128 >128 T12
A-8 - >128 >128 T12
B-6 - >128 >128 T12
A-13 - >128 >128 Ti12
A-22 - >128 >128 Ti12
B-19 - >128 >128 T12
A-25 - >128 >128  Ti2
A-26 - >128 >128 T12
A-29 - >128 >128 T12
A-32 - >128 >128 T12
B-013 - >128 >128 T12
B-018 - >128 >128 T12
B-019 - >128 >128 T12
B-025 - >128 >128 T12
B-027 - >128 >128 T12
B-030 - >128 >128 T12
B-031 - >128 >128 Ti2
B-41 - >128 >128 T12
B-43 - >128 >128 T12
B-45 - >128 >128 T12
Y8-9121 - >128 >128 T12
Y8-2152 - >128 >128 Ti12
Y8-2360 - 64 64 T12
Y8-3019 - 64 64 T12
Y11-R389 - 64 64 Ti2
S-95 + >128 64 T12
S-102 - >128 64 T12
B-026 - >128 >128 T1
A-7 + >128 >128 T28
D-25 + >128 >128 T28
Y9-9267 + >128 64 T28
Y10-2120 + 64 64 NT
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Em-Cm susceptible strains

B-2 - 0125 <0125 Ti2
A-27 - 0.25 0125 T12
B-017 - 0.125 <0125 T12
B-022 - <0.125 <0125 T12
Y6-2416 - 0125 <0125 Ti12
Y10-2293 - 0125 <0.125 Ti12
C1 + 0.125 <0125 Ti12
Y9-9294 + <0125 <0125 TI12
Y10-2255 + 0125 <0.125 TI12
Y10-9226 + 0125 <0125 Ti12
S-122 + 0.125 0.125 Ti12
B-033 - <0.125 <0125 T1
D-15980 + <0.125 <0.125 T8
D-15981 -+ <0.125 <0125 T8
A-1 + 0125 <0125 T4
B-012 + <0.125 <0.125 T9
B-021 + <0.125 <0.125 TB3264
B-020 - <0.125 <0.125 Té6
B-024 - <0.125 <0.125 T3
B-032 + <0.125 <0.125 TI11
NT: nontypable

1. Tet QMY OF 225 9 &adl W 24

AUAAE T8 671X 7+ Ao i3 3
FATY H& 9A F=9 H9, MICsoT} MICx2
Table 29} 20} AAE 92%F % Em-Cmol £A] U]
AL Hole IFE 32F 3.8%m)oen, 1% ¥
R TI27} 273 (84%)2 R B-E2 X84 1,
o2& ¥ A3 T28% 35t} (Table 3).

Em-Cm WA @ F2] MICE erythromycino]] o 3}
WA TFF 32F 2 273 (84%)7} MIC 128 pg/ml ©]
/¥, clindamycin®] 73 $-¥& 225 (69%)7} 128 pug/ml
oo A F=& et =& OF 34
< 839 11290 4% A Em-Cm WA & Ur
B 27F £ 138 A9 2657 SRS
et oy, 83 Y T282 ¢4 Em- cmoﬂ lﬂ
AL B9 33 BEy) oJule e

HAEAY TI2 F & FTA o g5 E_Ol

A
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Figure 1. PFGE pattern of Clinical isolates of S. pyogenes serotype T12 digested with Smal

Lane M, lamda phage DNA marker; lane 1~4, 6, 7, 9~12, 15~21, 28~31, 34~38, Em-Cm resistant
strains; lane 5, 8, 13, 14, 22~27, 32, 33, susceptible strains; lane 1, A-29 OF-; lane 2, A-32 OF-; lane 3, B-
19 OF-; lane 4, B-013 OF-; lane 5, B-017 OF-; lane 6, B-019 OF-; lane 7, B-018 OF-; lane 8, B-022 OF-; lane
9, B-025 OF-; lane 10, B-027 OF-; lane 11, B-030 OF-; lane 12, B-031 OF-; lane 13, S-122 OF+; lane 14, S-95
OF+; lane 15, A-25 OF-; lane 16, A-26 OF-; lane 17, B-5 OF-; lane 18, A-8 OF-; lane 19, A-13 OF-; lane 20,
A-22 OF-; lane 21, B-6 OF-; lane 22, C-1 OF+; lane 23, B-2 OF-; lane 24, A-27 OF-; lane 25, Y6-2416 OF-;
lane 26, Y9-9294 OF+; lane 27, Y10-2293 OF-; lane 28, Y8-9121 OF-; lane 29, Y8-2152 OF-; lane 30, Y8-
2360 OF-; lane 31, Y8-3019 OF-; lane 32, Y10-9226 OF+; lane 33, Y10-2255 OF+; lane 34, Y11-R389 OF-;
lane 35, B-41 OF-; lane 36, B-43 OF-; lane 37, B-45 OF-; lane 38, S-102 OF-.

1152} ¥+ OF F4gol 55, 540 65 ol OF S48 Bl 265+ TY % PFGE 44
t} (Table 3). < Jehgiglch @9 Em-Cmol] YA & B #F
T ¥AFE T1 2 T28LS TI28 v & ¥4 S BA

2. PFGE &4t 24
3 2.1} nontypable #F = 5 g FAL Jeh)

% 52% ) 3 S. pyogenes®] PFGE ¥} I 91t} (Fig. 2; lane 2, 5, 6, 7, 14).
Zo] w2} DNA size7} 40~500 kbp Aol oA 10 & F4] Em-Cmol] 7444 89l 1132] PFGE
~157)¢] AHo] F AU (Fig. 1, 2). FFe E’—"?- 67MA 2 FHEHJN 1F OFd &
38 T12Q) 4% 374 Em-Cm WA T FE AuleL HQ #FE 25T Y3 PFGE ¥4
A 739 PFGE 43 = e g2 OJ (Fig. 1; lane 8, 23, 24, 25, 27)°] WA A o3
4 BY o, Em-Cmol] A& B 275 9] DNA W= =7} 570 €] atol & UERA Bk,
OF vr-g <kAlQl 13 (Fig. 1; lane 14)E A ¢ o]- OFd)| ¢kAuleS Bl 5 Az pEE &
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M 1 3 5

kbp

50

7 9 11 13

Figure 2. PFGE pattern for various T serotypes of S. pyogenes isolates after digestion with Smal
Lane M, lamda phage DNA marker; lane 1, B-033 T1; lane 2, B-026 T1 R"; lane 3, D-15980 T8; lane 4, D-
15981 T8; lane 5, A-7 T28 R*; lane 6, D-25 T28 R*; lane 7, Y9-9267 T28 R*; lane 8, A-1 T4; lane 9, B-012
T9; lane 10, B-021 TB3264; lane 11, B-020 T6; lane 12, B-024 T5; lane 13, B-032, T11; lane 14, Y10-2120

nontypable R*. R*; Em-Cm resistant strains

PFGE <}4} (Fig. 1; lane 13, 22, 26, 32, 33)& U-E}
itk

LA ZAedE veElilE 8338 T12 o] 9
o] t& ¥ ol i3 PFGE ¥4 (Fig. 2; lane 1,
3,4,8~13)2 A2 Tt & FAlolgch

!

M2t

a

S. pyogenes2] | &2 AFoA 717 7] Bo] H
= phenotype £-7 W& M 2 T protein typing ¥}
OF A& Ut} o] 717 F8§ EF S
BEE QAR MtypeL 2, 0] 5L ojd 5
M typeo] 154, A&EA 7449 € visd &4
Z %59 EHF S HHFg o2 ARy o]
e Ao dejx glenz 9oz F8
& o9& 23 U7 WEo| ). 2By FA
M typing serax- A|Zo| A Al @5 51 glA] gFon,
100 Fojut 5= g S A A A A %3}
7] oj2& vt ole}t M protein -2 Wo) 7}
Aot Ho] PP o= typing teiBte £FE
°] 50% v|gto.z vy fRd g A&z £
3t 9l+ A A o)t} T protein 392 M protein
s SPFH oz FHHE Ao E A o
o, £ typeo] M typedt A& o] FHHF
o2 M types] 277 BEMs¥d A% BRI
EF o s 4480 §9 OF) A& %7
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= HHAYHOEZ Mtyped} A3 B Ko T =
Aoz gelA d3, 2 APAANA A A
FPY F YL 02 T typingy} vl &< S. pyo-
genes 59 B 2FQ] phenotype ¥ 7 system
o2 3] AAgHm vt wabA oj| B A
oM frEshe FFS9 Miype BR77 E7H6 @
A Y= Ttype £ OF] ¥4 475 EQ& 3
o] 7hg3tth. Beall 7€ 1] F9) 57) LA 2 RE
T3]3 S. pyogenes 1,53138 M ¥ T protein typ-
ing7} OF9] H&& 335t 43 #dZ & v
A2, 2 23 T type?t OFY] {5l o
2} M typeo] Sold oz A#Ho YL B
At} &, T12 typeo]™ OF S4Y A4, Al g HF
F 1323 2 13057 M12 typedl] &3+ 12, T12
type 2.2 A1 OF A Y 7A-$E Mil type 8] B %
12%9] MtypeS 2 B-F = AT} T4 typed] B &=
B2+ 257} OFd ¢4& Jdehlil 1 465 F
353 (78%)7}F M4 typed] £33t 1 YA & 57}
A THE M typeo 2 EHEATh

2 A TI2 typee. 2 Eald FF F OF
S TF7L 34F (85%), ¥ T Tt 65 (15%)=
(Table 2, 3) Beall 59] phenotype £43-& nals) &
o 2 F i Eo] MI12 typed JHsAdol w4,
T4 type}l %= £ F 205 EF7 OF ¢ 2
2 M4l yHsAdol 22 Ao g FAHHY

A 2t Bela el 7Y A4S AHER



o] 3] F: Em-Cm WA S. pyogeres &32 PFGE %74

AFAESHZF AZTEH AFA 2E A A
T 2759 Ttype F 713 Bo] £28¥ ¥
B T129} T40]™ zb7} 40F 2 20524 A
E2]F9) 65%% AA AT (Table 1). o} 5 FF
59 2+ ol w2 Ttype X & T127} A5
A7 A5G AA 27 21F (53%)SF 115 (28%)
2 AR R, T4S) B$-= AFY 847) 8F
(@0n)E 7 AR e 45D € YA
e 771 47 4F 20%) 14Tt o1& FF
55 77 M129 Md typeo. 2 238 3¢ I
3 S. pyogenese] I F-E2 M12 2 M4 typed
Ao, 3 H8Ao7 s} FUoA FA e T
o] ZE T M typette] ARAZ L T2 o)A
Hud AH} AR FE By oy s
pyogenes®] EHH I FE L AV =
= F7 ez 24 Yelhdts 12 nFo]
2 o ¢to 2 o) g X &HQ FA} o] Fof
A of & Ro|t}

S. pyogenes®] Q¥+ A 7A HAUAYL B4
Hkgoll th3t $-8] 52 = erythromycin 5 macro-
lide Al 5 &AM F Bo] o] &3, o] & FHA S
wol Ab&she A oMo A &) B Ao
A AP, feivate] A¢e H I3 ery-
thromycin WA Eo} A2t F715k= FAlo glon,
2 A oAM= erythromycin ¥ gto] o}y &} clin-
damycinl Al = FA WAL ZtE 59 28
°] NF F N7 (35%)E YA L, o5 FFE
Z Em, Cmo)] ti&} 128 pg/ml o) 9] &S MICE
Mol AL} 72+7} 273 (84%), 225 (68%)=
Yebstth Cocuzza 52-& Em-Cmol Wl Ad o] @A
MIC7} £v} 128 pg/ml 0] 428 & of 74¥
ermAM {A S FHII &) = b, 2AFE &
gt A 285 E Em-Cm A T2 WA 7]
AL 9de T4 A3yt 2asivtn AgE
3H Em-Cmoll WAE BEQ #59 838 £
T12 typeo] 273 (84%)= Ajsted Zjie] FF
o @I} WA FT e FABA A& Al
ASER AL, oo el AAELS FH A B S
98] 2t PFGEE 333t & A7 23 ¥4
3 T12¢] 4% A Em-Cm YA 759 7144
&3] PFGE <}/d-2 &3] g2 d4% vz
(Fig. 1), Em-Cm WA & HQ FF & 1533o]
£ PFGE ¥}& Bl o} o] #3& OF 7 &9
A FAES UERfol A 222 T12 type YA 2}
T & Miyped 7HsAd o] %0 TI12 type o] HA

OF9 €42 E?Q Em-Cm YA FF59 PFGE
FEE 100%2] X && o #FE 749 43
FAA A#Adel AFE Jerd e &9 T12
type 5 Em-Cmol| Z+A4 S B9 1159] PFGE %
A BE 7IN 2 FEHEAJD, 2F OF HZ9
A LA %-eE B 55 (Fig 1; lane 8, 23, 24, 25,
27)e BF 598 422 Em-Cm WA FF
9] DNA fi= 71 57§¢] xpol & vehich. wt
Aol Uz Em-Cmej] 443 o] A OFo] %A
hS-S HQl 6FFE ME 0hE DNA A7) ¥4
Eigich o]8 g 23 Gl s AF3
T type> OF 2 & 59 &7 M type s &
d = 0Fo 2, TI2 typeo] ™ OF £4<1 &
o) 5-# M12 typeel] 4310, OF FAA &5
11 type 9} 12712 M typeo & £F8 AL
o, & A elA T12 typeo] ™ OF ¥4
Eo] B%% PFGE 43S B R &
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