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3 516vt2] (Ixodes spp. 22v}2], Haemaphysalis spp. 494vt2])9] ixodid A =712 B3 71 2x 7
A= DAY LdoA AZYaAth #3T A =r]o DNASE F% - YA & & 543 DNAS
template 2 ©] 838}, Borrelia burgdorferi sensu lato 2 Ehrlichia spp.ol] o} 3}A ¥tLae 2 A7 &
primerE ©]-8% FFHAAAHW-E (polymerase chain reaction, PCR)S A A|3lQon, o] AA}S
oligonucleotide probeE A}-4-3F southemn blotting & &3] thA] &Qstgh & 516nte]e] A E7]&E B,
burgdorferi sensu lato DNA ¥/ 91 =71+ 68 (13.2%)v} 2] (B. burgdorferi sensu stricto, 2; B. afzelii, 1;
B. garinii, 33; B. tanukii, 8; B. trdae, )2 e} o0 o] & 37 (7.2%)7}2] 9] I =7]+ southern blot
analysisol| A = ¥ o 2 # gt T3k 101 (19.2%)vte] 2] 2 =7)7} Ehrlichia spp.ol] th & PCRo)|
A kol e, ol F 25 (4.8%)71E] wto| southern blot analysisol| A} ¥ o 2 Felwgdct et
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1992\d oA A3 A =7 I persulcatusSt
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2= gl go] ZWEH AT, 32 Babesia microti,
HGE agent, B. burgdorferi 59 X1 =7] vj7/}4d W
HFEQ AV T3 Yol Bad ¥ )
ov o)A Algely} FEo| Aeyle wid
HAS w o] HATEC] B EFHEE F
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2R FEFF: 2 HAEAR F UHXE o
238 XFFF 2 B. burgdoferi sensu stricto B31
(ATCC35210) @3} B. afelii®] KK-1, KK5PI,
KM-10, B. garinii KW1, KK-3 #F& =3}t n
o] g vl E st w A A, B. burgdorferi sensu
stricto 2973} B. afzelii®] 10MT, 934U, S13, Y5, Y7,
Y183} B. garinii®] HP1, 935T #3€ ZTHRAY
EFA T oA 2hzt BoFwol B A g AHE-st
A BFodure Zhzhe] Eyw AT T W
& Barbour-Stoenner-Kelly (BSK I} 2|7} 4 Z&}
o] 34T CO; incubatoro]| A 2~4 F3+ Wl =
ztzbe] AF & &AZ F boilingY ol &} 3t
DNAE £2]3}§ PCRY} southern blottingA] posi-
tive control 2 A}-&-3} 4 o}

TeE7| ME: & d7o ALE JErvis 2
T AW HE, Xoit 2 AFA wjAjg
Dol A 44 KE 59744, 9455 10874 &3
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FEJ|=5E DNA £&: £3% 1 =7 & Ep-

re,

pendorf Al & o] @3 AE3E DNAzol® (Life
Technologies, Rockville, M.D., US.A.) 30 W& 71t
08 micropestled AL&3He] BB AL
LAEE F 4E AP Rof ethanolZ DNAE 3
AAF| 3 A 70% ethanolZ A F AZ3HA
TE 929 (10 mM Tris, 0.1 mM EDTA, pH 8.0)
30 ploll &-85te] AP o] &3t At

SgEadMetS: FPELAANS S 474
9] =7 A RAA F2& DNA 2 pld] dATP,
dGTP, dTTP, dCTPE Z+7} 2.5 mMe] H =% &3}
3 dNTPZ 2 pl 223 10X buffer (50 mM KCl,
10 mM Tris-HCI, 1.5 mM MgCL) 2.5 pl, primer set
(20 pmol/uhE 2}t 2.5 pl, Tag DNA polymerase
03125U% H7letn 2F S/FFE AT 83t
£ %ol 25 plo] H &= & & thermal cycler (Hy-
baid Limited, U. K)ol &2 DNA FEZ& A%
st th. Z+zhe] PCR uh-g-o) A}-&-3t primer setse
Az AT Fo gt 83 AL AL
(Table 1). 2, POmod, PCS primer set:= prokaryote2]
16S DNA9] E-0] &t primer set=, BB uni primer
setx B. burgdorferi sensu lato 5-©] primerZ (B.
burgdorferi sensu lato speciﬁc), BB primer set= B.
burgdorferi sensu stricto 5-©] primer=, BA primer
set:= B. afzelii, BG primer set:= B. garinii, TN prim-
er set= B. tanukii, TR primer seti= B. turdae 5|
primer2 A}-8-5} % t}. Ehrlichiosis agentol] o) & A) =
Ehrlichia spp. (genus specific) 5-©] primer= PER
primer setZ A}-8-3l31 HGE 16S 1DNA primer=
GER primer setZ Al-83}¢]t}.

PCR ¥+ 22 % 35 cycle 2 A et oen A oy-
cleo] A&Ha}7] Aol 94T 28 3023t 7t
Z o) cycle & 94Col|A 45% F<} denaturation,
primer set & 7ol W} 42~52C 9] 2EA
45% %<}t annealing, 72Tl A 1% 30 F<F ex-
tension W+ A& sl et 12} vpA) 9} exten-
siong 72T 1587 A &goan AA3 exten-
siono] o] Fo|A =& 3ttt Wgeo] FaH F
1.5% agarose gelell #7199 %35l target sequence
o 2232 G

A2 =7 A %35 DNAE template 2 At
28} prokaryote2] 16S rDNA specific primer set
(POmod, PC5)Z o] &3 PCRE =83} o} o] ¢
2ol ZZ 3 DNAEZ template® 9 ot TLE Wi
© 2 Borrelia spp.©] td]14+= BB uni primer set,
Ehrlichia spp.o] T8} A& PER primer set2 2} of
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Zoll 5o]gH 16S IDNAS] FZ A BE Rt
o7l FH oz BEE 7 =7] DNATHS A
3t} Ztzbe) elqly YUA ) Eol& 2z} primer
setE o] 83t ZF et T YAA S R
£ #3l9t}. ¥ Ehrlichia spp.o] 5°]% PER
primer setd]] %FAJ Q1 A= HGE £-©] primer setQl
GER-Z o] &3} DNA £, 1.5% agarose gelol] A
719 E 3k target sequence®] FEAFE HU3}
A} & .

Southem blot analysis: PCR A3} ZZ ¥ DNA
band & targete] = B. burgdorferi sensu latocl] &
o] & 16S DNA sequence} Ehrlichia spp.©ll 5-©] %t
165 tDNA sequencesl] 3|23} bandS 291517
98l southern blotting2 Al 33t A7|9 &
o] £ gelS depurination £ (0.2 M HCIl)ol
108, A4 89 (1.5 M NaCl, 0.5 M NaOH)l
108, 3-89 (0.5 M Tris, pH 7.0, 3.0 M NaCl)

o] 10% #2]%t 3 transfer solution (20X SSC)el|
90%-7F vacuum transfer system= ©]-8-3}<] nylon
membranel] AASI th. ©] membrane-g 80T
T 2A12 AT F E APNA designT
B16S#} E16S oligonucleotide probeZ ECL kit (Am-
ersham, RPN 2131)E AL-§-3lo A 23]Ale] A<
o] wa} labelling A]7] 11, hybridization, membrane
washing 773 & A3 th§ detection £ 2|3t
o} X-ray filmel] 258 =%A]7] & band7} YER}
= AZ #AdA

2 o

Io] AAsla e 7] AWedr 3
2 ehrlichiosis YA 9 EEX I E A7) 9
st A9 x nAAY ddaA B3 sk 2%
o] A flannel A-E o] &8t ixodid I =7] F

Table 1. The sequences of PCR primers and oligonucleotide probes used in this study for the detection of B.

burgdorferi sensu lato and Ehrlichia spp.

Primers

Target gene (16s TDNA)

or Probes Sequence (5' to 3") spedific 10 Reference
POmod AGAGTTTGATCMTGG prokaryote 21
PCS TACCTTGTTACGACTT prokaryote 21
BBuni + AAGGTCAGTTAATTTGTTA " B. burgdorferi sensu lato This study
BBuni - ATATAGTTTCCAACATAG B. burgdorferi sensu lato This study
BB+ GGGATGTAGCAATACATTC B. burgdorferi sensu stricto 14
BB- ATATAGTTTCCAACATAGG B. burgdorferi sensu stricto 14*
BA+ GCATGCAAGTCAAACGGA B. afzelii 14
BA- ATATAGTTTCCAACATAGC B. afzelii 14*
BG+ GGGATGTAGCAATACATCT B. garinii 14
BG- ATATAGTTTCCAACATAGT B. garinii 14
TN+ GGGATGTAGCAATACATCT B. tanukii 6
TN- ATATAGTTTCCAACATAGC B. tanukii 6
TR+ GGGATGATGTAATACATTC B. turdae 6
TR- TTTATGCATAGACTTATAC B. turdae 6
PER1 TTTATCGCTATTAGATGAGCCTATG Ehrlichia spp. 8
PER2 CTCTACACTAGGAATTCCGCTAT Ehrlichia spp. 8
GER3 TAGATCCTTAACGGAAGGGCG HGE agent 8
GER4 AAGTGCCCGGCTTAACCCGCTGGC HGE agent 8
B16S** GAACGGGTGAGTAACGCG B. burgdorferi sensu lato This study
E16S*** TACCCACAGAAGAAGTCCCG Ehrlichia spp. This study

* From Marconi and Garon' with corrections of errors in published sequences.
** Oligonucleotide probe designed in this study binding specifically to 16S rDNA of B. burgdorferi sensu lato.
*** Oligonucleotide probe designed in this study binding specifically to 16S tDNA of Ehrlichia spp.
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Table 2. The results of PCR reaction and southern blot analysis for the detection of B. burgdorferi sensu lato
and Ehrlichia spp. in ticks collected in Kangwon Province, Korea

PCR reaction

Positives in

PCR & Southern blotting

B. burgdorferi sensu lato 68/516 (13.2%) 37/68 (54.4%)
B. burgdorferi sensu stricto 2/68 0/2
B. afzelii 1/68 1n
B. garinii 33/68 26/33
B. tanukii 8/68 6/8
B. turdae 4/68 4/4
unidentified 20/68 0/20
Ehrlichia spp. 101/516 (19.2%) 25/101 (24.8%)
HGE agent 0/101 07101

M 12345617388910

Figure 1. PCR amplification products and southem
blot analysis with DNAs extracted from ticks and ref-
erence strains with BB, BA, BG, TN, TR primer sels.
Lane M, Hinfl digested pBH20 marker; Lane 1, B.
burgdorferi 297 (575 bp); Lane 2, B. afzelii Y18 (590
bp); lane 4, B. garinii 935T (575 bp) and tick DNAs
(lane 3, UD119; lane 5, BBVAG67; lane 6, BBVAG64;
lane 7, UD16; lane 8, D3; lane 9, BS; lane 10, B6).

516w}2] (Ixodes spp. 22 v}&}, Haemaphysalis spp.
494ut)E HA A
A s16ute] ] R =7l A FZ3 DNA

]

template 2 3} B. burgdorferi sensu lato A <]
16S rDNAE target DNAE &l PCRE £33 2
7 68 (13.2%)wle]e] A =27t FAo 2 ek
o1, o] & t}A] southern blot analysisgt 23} 37
(72%)rtel 7} Q1 Ao 2 WA =} (Table 1).
o] AHE ztzke] MFHE AT BB B. burgdor-
feri sensu strictool] T 8] A = 2w}2] 7} PCR 444 ©]
2l ot} southern blot analysiso| A& 25 S4]9]
Qow, B. afzeliidl d&)A= 1w A=7]7}
PCR ¥ southern blot analysisol] X .5 %A} & vt
R At B. gariniicll A= F 33uie] o] A
=7]7} PCR A7} %A ]9l 2.0, southern blot
analysisoll A & 26vte] 7} FAlQl Zez BAH
A L LS BJ) B wnukiicl] thE A
= 8ulale] R =7}t PCRAA g o 2, south-
ern blot analysisoll A &= 67} 7} A Ao = v}
Ebytth. B. turdaedl] tistd & 4niEle) A=)}
PCR 2 southern blot analysiso| & 25 Ao
2 FJ=U

YT A7l €& DNAE o] &31d
Ehrlichia spp.l &l PCRS A& A7 101
(19.6%)"}2l &) A =7]7} Ehrlichia spp.ol E°]%
16S DNA] %4A)S el e, southern blot
B A3 25 8% 7t FA Ao #ely
2tk (Table 1). {1} Abgdel]l AR S ofrldte
HGE agento]] £9°]3% 16S IDNAE H {3k 2 =7]
t @ x AEHA ok =T A =2
% DNAE o] 83 PCR ¥ southern blot analysis®)
AP A Ay}e Figure 1 (Borrelia spp.)3} Figure
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Figure 2. PCR amplification products and southern
blot analysis with DNAs extracted from ticks with
PER primer sets. M is the Hinfl digested pBH20
marker. Respective tick DNAs were all positive with
PER primer sets (lanes 1 to lane 7). However, lane 1
PCR product was negative in southern blot analysis.

2 (Ehrlichia spp.)¢} 2t}

%M PCR ¥ southern blot £ A3} B. burg-
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&S Bt Chang S92 New Yorkd} Massa-
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2] A =7]9 A HGE agentZ PCRE 5l A& o
o, 293 N =7lolA| 54% B. burgdorferi DNA7}
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Al A =} Inodes spp.oll &35l A =7] M B.
afzelii®} B. gariniiZ 2] BAsATtL 2aF
v} gl B ZAlol| M= Haemaphysalis spp.©l| 4 ¢
B. burgdorferi DNA7} 2 &= o] Park 5'¢] A3}
o} Aozt Ao, ol B AReA A
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< Fell A AP} A =7 2XFE B. afeeliizt 7}
A E2 =z HAEHAG D FHor), &4
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=7 28E AT HEEAME A& 2]
7t ARt

a8y B A3l Ayl B burgdorferi sensu
latov} Ehrlichia spp.©] DNA7Z} o| Al 742] 2] B s1¢}
= g2 £0|3}A X Haemaphysalis spp.oll &3l=
AT AEHAReH, QAT F33}
o] Bal=|QY B. tanuki®} B. turdae®2] DNAE
£ vt AR A=r)d A FdEATGE
Hell 9917} vka shAleh. 3 Slevtel o] A
71 3ntg] A=)\ B. burgdorferi$t Ehrl-
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=Abstract=

Detection of Borrelia burgdorferi and Ehrlichiosis Agent in Ticks Collected
in Korea Using Polymerase Chain Reaction

Jong-Bae Kim', Hye-Wone Song, Sung-Un Park, Sang-Wook Park,
Joon-Hwan Ahn, Yong-Bin Eom and Young-Mi Kim

Department of Medical Technology, College of Health Science,
Yonsei University, Wonju, 220-710, Republic of Korea

To investigate the distribution of Borrelia burgdorferi and human granulocytic ehrlichiosis
(HGE) agent in ticks, adult ixodid ticks of Ixodes spp. and Haemaphysalis spp. were collected
from the high mountain areas of Kangwon Province. Using DNAs extracted and purified in the
collected ticks, polymerase chain reaction (PCR) was performed to amplify the specific nucleotide
sequences of both agents. Of the 516 ticks, a total of 68 (13.2%) ticks was positive for Borrelia
burgdorferi sensu lato with PCR analysis (2 for B. burgdorferi sensu stricto; 1 for B. afzelii; 33
for B. garinii; 8 for B. tanukii; 4 for B. turdae). However a little more than half of PCR-positive
ticks (37/68) was found to be positive in the southern blot analysis with B16S oligonucleotide
probe. One hundred and one (19.2%) ticks were positive for Ehrlichia spp. in PCR, and a
quarter of them (25/101) was positive in southern blot with E16S oligonucleotide probe. But
none of them was found to be the DNA of HGE agent. And 0.6% (3/516) ticks were positive for
both of B. burgdorferi sensu lato and Ehrlichia spp. These findings might implicate the
possibility of the outbreak of lyme borreliosis and ehrlichiosis in Korea, and more extensive
studies may be need for the diagnosis of multiple tick-borne diseases.
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