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phoresis(PFGE)7} o451 1=HI(16, 17, 22, 23, 25, 36) 477
ol2lEag zh= AEhEAS S DNA fragmentS PFGES
A k2 Al el 2l siAdel TheshE (16, 17, 22, 23) 2
o= AFE4s AHESHES W 2880 OE pattern 4
A B2 4= glo) AHY B 28] B 3} o] A
AEL PRGEZ} $o® = 2] TE9 A% L T4sk=d
Jels E9Ey €4y o] faaE ek sepel] il
2 4 d& 7o B3 SuHa A2 E2E 1552 DNA
B Notl, Ascl, Fsel 59 AgEAR Hhelal PFGE pattern
< gste] S el 7§38 SA3s wekelara) st
Auk =8 438 3o J¥oz WEFEA|(monoclonal
antibodyyell T 9hEakd-g Al9 BlwslE).
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19963 A=, A7)=, FAEEE, AR, debER 9F-A
ol APY SFEFEH FT JEAT|ET 225%(Table 2)
2} AP Icterohemorrhagiaed] &5 @EE lai, birkni, gem,
mwogolo, yeonchon 5 155(Table 1) XEATE AHE-5H9
on Z #5+= Ellinghausen McCullough Johnson Harris
(EMJH) ¥lA|(Difea USA)| 30CoIA 5697k vldsk 2L AL
&3tk

chEEEH 28 288 =5

HE23H< Icterohemorrhagiae™ 2ol <551 A H 5
Al TFEZ H9T 7 BEEFY] hybridoma=HE] A4k
Heien Abgd GZ29E F20C4-3% icterohemorrhagiae
MNo.1) =, F52C2-2¢ mankarso(Mankarso)7=, F70C7-3 2
F70C20-25 copenhageni(M-20)F 2, F82C1-3 ¥ Faz2(2-2¢
lai(La52, 1e]al FRIC3-3E ndambariNdambari)} =2 2}t
Holale] @l HelRrh1E). °l&E Amsterdam?] WHO/FAO
Collaborating Center for Reference and Research on Leptos-
pirosisEHE HoF 9k Zlo|glvh. REEYA ] § LeldF

Table 1., Reference strains used for serotyping

Serogroup serovar

icterohemorrhagiae
copenhageni
naarn
mwogolo
ndahambukuje
ndambari
mankarso
birkini

smithi

dakota

Jai

tonkini

gem
hongchon
yeonchon

Icterchemorrhagiae
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Table 2. Strains isclated

Strain (riginated from Strain  Originated from
No. No.
JR34 Chunnam Whaseoon NE3 Kangwon Chunchon
JR57 Chunnam Damyang
JR58 " NR4 Kangwon Wonju
JR62  Chunnam Chungmyung NR&  Chungbuk Jechun
JR72 " NR3 Kyungki Jungok
JR82 " NRO "
JR86 ! NR10 "
JR&S " NR11 Eyungki Yeonchon
JR94 " NR12 "
JR109  Chunman Kwangyang  NR13 "
CR3 Kangwon Chunchon KR48 Junbuk Tksan

NR2 '

3 FEdee] vhed GRS rlo0eE EAE mi-
croscopic agglutmation test (MAT)E] whg-H %o whed — +,
4, FHF, T+ FO 2 BASSCH

DNA &£&

Leptospira-DNAZS: 243 = £l3kr] fet] Smith &
(35)2] DNA/ agerose block & EU=R leptospiva DNAS
Balgtdch, o e e dgsid ohes) 2t Leptos-
pira WeFel-S 3000 g, 4°CAA 1027 UAET 5ol Wzt
1% pett $EA(10mM Tris, IM NaCl, pH 7.6)2% A
£ 23 A&F U pett FoYor Efsly ATEEE
McFarland scale 3.0-4.0 AER T3l o]F 55°C gl
o ZhEHEA] 05x TBE HEH(45mM Tris-borate, 1 mM
EDTA, pHE.0)ol =< vlg] 55°C 7124 F#3%] 2% pulse
field agarose(Bio-Rad, USAY8-2¥-8 3151 T2 agarose block
(plug) AZ& plastic moldiBio-Rad)el E3El agarose/DNA &
A3 100w BFEech elE 4°Co] 30T Fof ol F
plugS 10019 proteinase K(20 mg/ml)7} E°1UE 1mle
lysis-2-<8 (50 mM Tris - Cl(pH8.0), 50mM EDTA, 1% SDSyol)
i 559C0A 24417F B4 A28l plugd] leptospira TH1 S
BoAFCh olE plugE 2dwell cultwe plated] 241 & ZF
F2 587 MH3n TESZAA0mM Trs, 1mM EDTA,
pH 8002 3084 48 35 ohd 4°Co) RAspAA HF
o AME-SISATE.

Pulsed-field gel electrophoresis

278} o] EE]E leptospira DNAZ A$ha S Helshr] 9
3l plig2 dod Zds o8ty AX]EE agarose well
size® Hodgh T BF ATEALY [xAFES G5 20002
20271 AEskc), A AE leptospira DNAS] 2=2] 914
Hej 2 2v= Notl, Fsel, @ Ascl S5(New England BioLabs
Inc, USAYS AH&-5H T

AlFo] Syt plugS 30 units?] AFELF] S0l tubed]
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Y 37°CA 20407 F¢h FBslA eAIFETh PFCGES
contour-clamped homogeneous electropheresis apparatus(CHEF-
DRI, Bio-Rad Labs, Richmond USA)E AM4-5Fd Herrmann
(22, 230 AAE we] wiEl Allstgrt, Adase dg
7 DNAZ} =013 plugs 1% pulsed-field agarose gel?]
wellel]l loading@32 053 TBE #5945 mM Trs-borate, 1
mM EDTA, pH 8.0)% ©]83ld H7|dFskdtt d7195e
150 Vel A 40413F dATERelom 14°CoA] 30% pulse 13414
602 pulse 13A17h, 120% pulse 14417} 2=7e 2 At
Standard DNA marker=+= Yeast Chromosome PFG marker
2} MidRange PFG marker I (NEB, USAYE AH&-at3ick,

PFGE patterndl*| 2] $AI=+ unweighted pair group me-
thod with. average(UPGMAMIH.S 2 Quantity-one 4.0 software
(Bio-Rad)Z AF8-51 dendrograms 78+ 2435130
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cIEEEA N cist fks

3 F Icterohemorrhagiaed] <3 EA¥ copenhageni,
icterohemorrhagiae, mankarso, ndamban =zo7 HaE ul-g-
2 B cell?] hybridomaZ 78 €2 7717 GZFE FHEd o
g ¥h3-5 B Z3 Table 3049 %0] Bolw 297 RF 2
2 HheoRtS BEon o|x A d HelEe] EAY hicE
=" HY105: 2 377 la 0179F 22 whg-oRibolHoh
ol FFES 1085%] Tl EEse] MEg e
2 523 yeonchon(HM3) £ hongchon{l8RyET}E T2 ot
SedE By

"t [eterohemorrhagiae] &30 15711 933 22T

Table 3. Reactivities of the isolates to monoclonal antibodies
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Not1 AgkES At pattern BT 2 EET52] DNA
= Nt 1A e a4E HAAS F 1% agarose]| A 0.5% TBE buf
fer WA pulse A7HS- 303 13417Y, 603 13412h 120% 14
AZE #A7)90E WL o] DNAS] Aw pattern2 Fig. 1A=}
o] BE2'FF JR34, JR57, JR77, JR32, JRS8G, JR109, NR4,
NR6, NR13, CR3, KR48 NR2, NR3, NRE NR9, NRI1O,
NR11, NR12, JR58 % JR62 52 5 940 kbe} 63 kb Afe)d]
1370¢] Awer RelEok ol TETS lai B yeonchon
EZS pattern®]glont 2 AT ol FME Ael2
A5}, JR8FE lai B THE Ef?rfﬂﬁ 2] 940 kb o
2o 1000kb bandsh THE EejaFela] B 4 T °F 460
kb band”} #-2= <t =42 lai, birkini, gem, mwogolo, cani-
cola 71olE EEgl o) UERE pattern2 BG 7 (Fig. 1)

NotT Alekg 28] w}2 PFGE pattern?] clusterings %
T W s f43 oA £449E Fe
291 PgITh JRE9E A3 EIFEL 90%0¥s FAEE
vshfigien lareels 85%, R8T 81% FAK=E

g . MAD F20-C4-3 F52C2.-2 F70C7-3 F70C20-2 Fa2C1-3 Fazcz-2 FEoC3-3
erovar (Strain)
all 22 isolates in this study - - ++++ - + ++++ -
lai (HY10%) - - +++ - ++ ++++ -
Tai (0171 - - FH+F - ++ okt -
yeonchon (HM3*) ++ ++ +++ ++ ++ - +++
hongchon {18R*) ++++ - +++ - - NI -
icterohemorrhagiae (RGA) +4+++ ++ ++++ +++ - - -
copenhageni (M20) ++++ + ++++ ++++ - - ++
naam (Naam) ++ + ++++ - - o+ -
mwogolo (Mwogolo) - - +++ - - +++ -
ndahambukuje (Ndahambukuje) +++ + ++++ + - - +
ndambari (Ndambart) - + 44 + + - 41+
mankarso (Mankarso) ++++ ++ ++++ - - 4+ .
birkir (Birkin) - ++ et - +4+4 4+ -
smithi (Smith) - +++ ++++ - +++ - +4++
dakoda (Grand River) ++++ + ok ++ - +4+++ ++
tonkini (LT96-68) - +++ +4++ - o+ - -
gem (Simon) - - 44+ . - 4 -

“Reference strain isolated in Korea. T Reference strain obtained from NIH Japan.
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Fig. 1. PFGE of Nat I restriction fragments from isolates and some
reference strains. The digestion products were separated at 150V
for 40 h in 1% agarose-0.5 < TBE with three pulse times as follows:
30 s, 13 h; 60 s, 13 h; 120 s, 14 b, Lanes 1, 21: size marker(Yeast
chromosome PFG), Lanes 2, 22: size marker(MidRange PFG),
Lanes 3 to 14: isolates JR34, JR57, JR77, JR82, TR86, JREY, JR10%,
NR4, NR6, NR13, CR3, KR48 Lanes 15 to 2(: reference strains
yeonchon, canicola, birkini, gem, Jai and mwogolo. Lanes 23 to 31
isolates NR2, NR3, NRS, NR2, MR1{, NR11, NR12, TR58 and JRG2.
Lanes 32 to 40: reference strains lai(CH88-19), unknown spiral
org., 1ai(WH-19), hongchon {18R), canicola, birkini, gem, lai, and
mwognln.

B4tk YeonchonFe EEFEI 91%FAIEE RYR,
gem, canicola, birkini, mwogolo 581 EElFEHY) FAlEE
g2g0) 5l er).

Asc1 AFHEA FD pattern 2T JR34. JR77, JR82,
JR109, NK6, NR13, CR3, KR48 B JR57, JR53, JR62, JREE,
NE2. NR3, NR4, NR8, NR9, NR10, NR11, NR12 2 =5
1900 kbl 158 380 kb Alelell 371S] A bandE H G100
olE HZTF lai¥) 22 patternc] ATHFig. 3). JRBITE THE
BalFgs g s 249 1640 kb 4 9F 650kbe] band”h
A=) FFFF la, hirkini, gem, mwogolo, canicolo 5
= 7Z+7) 2 patternd B#ATHFig 3

Fsel ASEA A pattern 355 IR57, [R77, JR32,
TRSG, JR109, NR4, NR6, NRI3, CR3, KR485F 2 R34,
NR2, NR3, NR9, NR10 F5& £ 1900 kb2l 280 kh Aj<]el
5718 BE pand® RNPe™ D yeonchon@h
2-& pattern 031tk 2Euh JRRHFE HE TEEolA £ 7
A9E 280 khe] band7} YEREA] o} A7lME ThE TF

ol BEAT lal 2

Kor. J. Microbiol.
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Fig. 2. Dendrogram of L. fnferrogans isolates (Fig.1 PEGE pat-
terns). PFGE patterns were analysed in accordance with UPGMA
clustering on a matrix based on the Dice coefficient.
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Fig. 3. PFGE of Ascl restriction fragments from isolates and some
reference strains. The digestion products were sepatated at 150 V
for 40 hin 1% agarose-0.5 ¥ TBE with three pulse times as follows:
30s, 13h; 60 s, 13h; 1205, 14 h. Lanes 1, 16, 17: size marker{Yeast
chromosome PFG), Lane 18, size marker(MidRange PFG), Lanes
2 10 10: isolates JR34, JR77, JR&2, JR89, TR109, NR6, NR13, CR3,
KR48, Lanes 11 to 15 and Lanes 32 to 36: reference strains yeon-
chon, canicola. birlini, gem, and mwogolo, Lanes 32 to 36: refer-
enge strains camcela, birkini, gem, lai and mwogolo, Lanes 19 to 31
s isglates JR57, JRa8, JR62, JR77, JR36, NR2, NR3, NR4, NRS, NRS,
NR10, NR11 and NR12,

o} FEEII

@AW iai, birkini, gem, mwogolo, canicola 5 kol FEIT
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Fig. 4. PEGE of F52 [ restriction fragments from isolates and some
reference strains. The digestion products were separated at 150 V
for 40 h in 1% agarose-0.5 * TBE with three pulse times as follows:
30 s, 13 h; 60, 13 h; 120 s, 14 h. Lanes 1, 18, 19, 32: size
marker(Yeast chromosome PFG). Lanes 2 to 11: isolates JRS7,
JR77, JR8Z, JR86, JR109, NR4, NR6, NR13, CR3, KR48. Lanes 12,
27: reference strain yeonchon. Lane 13: reference stramn canicola.
Lanes 14 to 17 and Lanes 28 to 31: reference strains birkini, gem,
lai, mwogolo. Lanes 20 to 26: isolates JR34, JR57, JRR9, NR2, NR3,
NRS, NR10
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a17] Asle] 167 @Awel Fae T2l I g
whEe MATE #2328 dr €37 Ieterchemorrhagiae] <8}

= 8A4Y a0 diEA 2% 2257 100% dAsk o
2 gagel itk d3Eel vElde ol 3% wikte] n

AFE e e 755 25 33T leterohemor-
rhagiaes]] &51= Ao 2 =4 d(19).

EH Icterohemorrhagiae®l] &5= B4 A FH o= HE
Feola 77lRe] EEgE] oigk 9he-S Eele u] Rear
BE7} B gh2akahs 85 on(Table 3) Ega-5o)
HAY i} 2L Zlo8 Heol 2]
&3he Flod AT 2elds
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Ke)yle sl C52C2-2, F82C-3, FaeC22 5e dEad
of thek W-g-2] Folde] Y= AT RHel ol BHPAE=
A7t gtk B Ak 19859 fElulEel s s o] HEE
HHPo T E25 yveonchon(HM3) ¥ hongchon(18R)e] 3HS-
ST T2 L £ 5 3TH(Table 3).

A Sl EelE TF5Y AP [eterohemor-
rhagiae @A Fo] <& lai, yeonchon, hongchon 53 Can-
icala @A 3 canicala 5 47HA] A Fo| IEizley
(3,4,812,15) lair} i8S AA8T canicola BHELE 25
7F #Z¢15 912y yeonchon, hongehon 7% 19850l 15
A e o) oA FelEel® Hel glioh AF7EA f#elE
AHF o|2e] §AY® AT JleAde] U= sles HolH
o|Z 27|9s Brl el st FAE e Flerh

G2l 11 ghgl ] wolr)k o] @arlA) 2370
el 223 o] @AY ez BREL 9lom{30) 2 WY
Z vlekde F2 AE9e LPSe polysaccharde moiety= o]
A gzl wole| 7|elglty. FAY Sl 2ARFH
Tepdbgo] 71 RAH0 7 AR RTHA], 35) YT o
Yol FAF|IEOR FEG wel fAR e
AEEE AR T2 4 gl dFe] gt
A@go] Ga Agate] L2t g @FTH EA
A e Beahr] flete] Al 729 Aol ok £
ZU Pilg G7MEe 248 HE8T ] ylo)
2 HE RNA faabtario] vAdE8-7 4712 43
Abg-w]an 9loh24, 31, 34, 39, 43, 44). =Edle VAE
e 8 WE EE 8 PCRE FE 59
EAHDNAY A SEATAR(PCR-REA o= H=HE
primer® AME% arbitrarly-primed PCRAPPCRYE B3
RFLPAY So] flesslzglide] el HFFoz AlsEw
2 TH18, 32, 41, 42).

AALE BATTEe BAAESH 5495 mietelr] Hlate
primer GL/G2E ¢|#% PCR FZ4EL A3as D]
Ndell, Maell 522 A3 PCR-REA £47} primer RSP
KE PB-14 A% AP-PCR % 165 rRNA gene probeE ©|
2%t genomic hybridization £ profile® =AM B} 3l=d
primer RSPZ A} AP-PCR¥ 18S rRNA geneZ probe®
& hybridizationo)*] Hindlll 2 BamHI digestion® EH3ATL
T 939 debdd delsted #8824 E B
o (dala not shown) & A7e]A4E PCRE 535 Al b

2
,

—

X B
i ol

o ml o oE o 2 ML o B
5,
T,

ALt By i o
X

=8 Notl, Ascl, Fsel #Agla4Z gL ug
patternS A Rel 9o mE HAFWAM Y] AL
2ol & s 1akrh

Herrmann 522, 2302 Not | A|lStEA4e] PFGEE 53
23 serogroup W& zHHe] U2 HETAFEL BT 55§
fingerprintE YERE profiles B9 &7 Icterohemorrhagiae
YA Sl A= EHE icterohemorrhagiaes) copenhageni?t
SAME UERiT U8 BE EHIELE THE IolHS v
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Ehllel PFGE7F E35 39 =% f8-4¢] 0= A8 o
Z3h vl it

B oAdes Eelas ¥ ZFETFE NeleZ #Eg
PFGES] 4] pulse timeZ 150 Vo4 303 13A4|7h 602 134)
7h 1202 1483 =HcE g8 9 E]TseelAls= 1000 kb
HE] 63 kbAtolel] 137]2] o] HE= S an(Fig.l), £FTF
o] A¢ B A e) BEDE ke ZH0FE AAHAH
Herrmann S(22)¢] dops) A=)l n gddte] Felek A
o2 B 4 glo] HFE TR FEE g = i B
THFEL FFE3 9hg, WAL T8 SolA €3
iz 539 v} 22l=d PFGEAM % JR8FFEE A 4FH =
=7} i 22 pattern® VERASw 2 AHe IrE v
Ag Aol vrepl SlchFig. 1.

Not1 =] PFGE pattern®] UPGMA 3HH ) 2%t dendro-
gram S412ue] 2lspd (Fig2) JRROE A9)d Bo)FEe A
E 90% o)) FARE EDT lai 2B 85%2] FAL
=2 Jehie] 8353 TAWde}l AdAsHT, JRT=
laig} 8192 FAREE el vba JEl HAYale 62% ofsh
9] FAIEE YEUel {313 el Bl BAE lai
2 A Aol gEd A= AZE Y ES A 2L
HAE yeonchon2 2 FAHAY HM3TF 3 wASAT &
APAT) gt FEEUE NRIIFE(9) Not142 PFGE )
Me TSR gol A He)dx 28T f1F 2dH9
AE g9 5 Uk

Asc] 2T PFGEeA FeldFEL Fle) HE Hyow
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ABSTRACT : Pulsed-Field Gel Electrophoresis and Monoclonal Antibody Analysis of Leplospira inter-
rogans Isolated in Korea

Min-Kee Cho*, Sup-ITo Kee, Hyung-Jun Kim, Yoon-Won Kim, Hee-Bok Ohl, and Woo-
Hyun Chang (Department of Microbiology. College of Medicine. Hallym University, Chun-
chon 200-702, Korea, !Department of Microbiology, National Tnstitute of Health, Seoul. Korea)

A total of 22 Leptospira interrogans field isolates from the rats caplured in 5 provinces of Korea in 1996,
and 6 antigenically closely related reference serovars of lai, yeonchon, birkini. gem, mwogolo. and canicola
were analysed. When the antigenic characteristics were analysed by reactivily with 7 monoclonal antibodies
prepared with strains belonging to serogroup Icterchaemorrhagiae, all 22 isolales showed the same reaction
pattern with that of serovar lai. Large restriction fragment patterns obtained afier cleavage of genomic DNAs
with infraquently cutting restriction enzymes were analyzed by pulsed-field gel electrophoresis(PFGE). Iden-
tification of leptospira strains by PFGE with Not 1, Asc 1 or Fse 1 digests correlated with their antigenically
typed serovars, with a few exceptions. PFGE of isolales, except Tor IR89, digested with Nor I showed iden-
lical pattern with serovar lai, showing 13 [ragments between 940 kb and 63 kb. When PFGE patterns of JR§9
were compared with those of serovar lai, Nor [ digest showed additional two bands of 1000 kb and 460 kb,
while Asc 1 digest showed 650 kb fragment and Fse [ digest did not show the fragment of 280 kb. Whereas
serovar yeonchon, which was isolated in Korea and identified as a new serovar previously. could be dif-
ferentiated from serovar lai in antigenic reactivities with monoclonal antibodies. it showed the similar PEGE
pattern with serovar laj including reference and field isolates. It was suggested that Korean leptospira! field
isolates are closely related in DNA level.



