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Ten characteristic strains of spirochetes (HT2, HT7, HT10, HT15, HT17, HT19, HT20, HT22, HT32, and
HT59) isolated from Ixodes persulcatus adult ticks in Hokkaido, Japan, were selected and analyzed by
polyacrylamide gel electrophoresis, with monoclonal and polyclonal antibodies, and by pulsed-field gel
electrophoresis. The protein profiles of the borrelial isolates were variable and markedly different from that of
the type strain Borrelia burgdorfieri B31. The 41-kDa flagellin protein was present in all isolates, but the outer
surface protein A (OspA) was absent in four isolates (HT15, HT2, HT20, and HT32). The molecular weights
of the OspA proteins in six isolates were found to differ from one isolate to another. No two isolates examined
had the same plasmid profile. These findings show the antigenic and genetic heterogeneity of the Japanese
isolates, and some isolates are strikingly different from North American, European, and Asian strains.

Lyme disease is a multisystem disorder associated with
skin rash, arthritis, and neurologic and cardiac manifesta-
tions (18, 27). The etiologic agent of Lyme disease, Borrelia
burgdorferi, was discovered by Burgdorfer et al. in 1982 (9),
and in 1984, Johnson et al. (15) described this organism as a
new species of the genus Borrelia. Since then, B. burgdorferi
has been isolated from or detected in patients, rodents, and
various species of ixodid ticks in all parts of the world (4, 10,
11). It has been generally assumed that ticks belonging to the
Ixodes ricinus species complex are important vectors of
Lyme disease.

In Japan, the first case of Lyme disease was reported by
Kawabata et al. in 1987 (16). Thereafter, spirochetes were

isolated from patients (22) and also from two species of
ixodid ticks, Ixodes persulcatus and Lxodes ovatus, in the
northern part of Japan (21, 24). L ovatus is not a member of
the I. ricinus complex (13), and the spirochetes isolated from
I. ovatus are quite distinct from those of the Borrelia species
associated with Lyme disease (20, 28). Epidemiological
studies revealed extensive prevalence of spirochetal infec-
tion in both L persulcatus and L ovatus, which are the most
common species that bite humans in Japan (21, 23, 24). By
analysis of protein profiles and the reactivities with mono-

clonal antibodies, all the human isolates were found to be
identical with the tick isolates from L persulcatus but not
from L ovatus (23). Accordingly, L persulcatus is consid-
ered to be the most important vector of Lyme disease in
Japan.
Comparison of different borrelial isolates by various pro-

cedures and approaches has revealed their heterogeneity. By
immunological analysis, there appeared to be significant
differences in the reactivities of isolates with monoclonal
antibodies (6, 29). Heterogeneity in plasmid profiles among
borrelial isolates has also been reported (3, 8, 14, 17), and in
vitro cultivation has influenced the plasmid contents (3, 26).
We report here the antigenic and genetic characteristics of

the borrelial isolates of Japan, and the availability of valu-
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able new isolates for use in characterizing vector compe-

tency and in relating genetic sequences to clinical disease,
epidemiology, and diagnostic detection.
L persulcatus adult ticks were collected in forests by

flagging vegetation at various sites in Hokkaido, Japan. The
spirochetes were obtained from ticks collected as described
previously (24) and cultivated in BSKII medium (2) at 31°C.
Strains of three different genospecies, B. burgdorferi (B31,
297, NCH-1, and IPS), Borrelia garinii (P/Bi, G25, Ir210, and
PD89), and group VS461 (PGau, B023, UMO1, and SMS1),
were also used in this study. The procedures for sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) and Western blot (immunoblot) analysis were done
as described previously (24). Murine monoclonal antibodies
H5332 and H9724 were obtained as hybridoma supernatants
(5, 7). Polyclonal antiserum to outer surface protein A
(OspA) of B. burgdorferi B31 was prepared from BALB/c
mice. The OspA protein was electroeluted from the gel slices
of SDS-PAGE. Mice were injected intraperitoneally with
OspA protein mixed with Freund's incomplete adjuvant.

Crossfield (AE6800; ATTO Corp., Tokyo, Japan) was

used in pulsed-field gel electrophoresis (PFGE) experiments.
DNAs from borrelial isolates were prepared by the gel insert
method (8). Washed cells (2 x 109 cells per ml) were mixed
with an equal volume of 1.5% low-melting-point agarose
(Incert agarose; FMC Bioproducts, Rockland, Maine), and
the mixture was allowed to solidify in 100-,ul rectangular
molds. The plugs were incubated for 24 h at 37°C with gentle
shaking in a buffer (12 mM Tris-HCl, 2 M NaCl, 0.2 M
EDTA, 0.5% Sarkosyl, 1 mg of lysozyme per ml [pH 7.6])
and then deproteinized by incubation in a solution containing
0.5 M EDTA, 1% Sarkosyl, and 2 mg of proteinase K per ml,
pH 8.5, for 48 h at 50°C. The plugs were placed in the wells
of 1.2% agarose gels (SeaKem GTG; FMC Bioproducts).
The electrophoresis system was buffered with 45 mM Tris-
borate-1.25 mM EDTA. The gels were run at a constant
voltage of 100 V for 40 h at 10°C with 2-s pulses. Molecular
size markers consisted of lambda phage DNA concatemers
(FMC Bioproducts) and lambda DNAs digested with HindIII
enzyme.
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FIG. 1. Coomassie brilliant blue-stained proteins in whole cell
lysates of tick isolates and antigenic characteristics of Japanese
borrelial isolates determined by Western blotting against OspA
protein. (A) B. burgdorferi B31 and I. persulcatus isolates HT10,
HT19, HT7, HT22, HT17, HT59, HT15, HT2, HT20, and HT32 are
labeled above each lane. Characteristic isolates of I. persulcatus
were selected and cloned by limiting dilution. Molecular size stan-
dards (lane MWS) were bovine serum albumin (66 kDa), ovalbumin
(45 kDa), glyceraldehyde-3-phosphate dehydrogenase (36 kDa),
carbonic anhydrase (29 kDa), trypsinogen (24 kDa), and trypsin
inhibitor (20 kDa). The arrowheads indicate isolates that reacted
with monoclonal antibodies (H9724 and H5332). The solid and open
arrowheads indicate the 41-kDa flagellin and OspA proteins, respec-
tively. (B) Monoclonal antibody H5332; (C) mouse polyclonal sera
against purified OspA protein from B. burgdorferi B31.
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More than 100 borrelial isolates obtained from I. persul-
catus in Hokkaido were examined. The protein proffles of all
isolates examined were different, and the major proteins of
the Japanese isolates were found to differ from the North
American type strain B. burgdorfeni B31. Ten characteristic
isolates having different protein profiles were selected and
cloned by limiting dilution. The range of variation in the
protein profiles of these isolates is illustrated in Fig. 1A.
Borrelial isolates from Hokkaido varied in their lower-
molecular-mass proteins (21 to 35 kDa) but were similar to
each other in proteins with sizes of 36 kDa or larger. The
epitope for H9724 was present in the 41-kDa flagellin protein
of all isolates (including strain B31). The reactivities of
monoclonal antibody H5332 against the isolates from I.

persulcatus are shown in Fig. 1B, and the molecular sizes of
proteins that reacted with murine anti-OspA polyclonal
antibody are shown in Fig. 1C. In contrast to H9724, the
reactivities of proteins with H5332 were quite different. Six
isolates (HT10, HT19, HT7, HT22, HT17, and HT59) pos-
sessed the proteins that reacted with H5332, but their
molecular sizes were heterogeneous and ranged from 30 to
34 kDa. The other four isolates (HT15, HT2, HT20, and
HT32) failed to react with H5332, whereas these strains

showed major OspA-like protein bands. All isolates reacted
with murine polyclonal antibody, and their molecular
weights corresponded to those of the OspA proteins. Mon-
oclonal antibody H5332 reacted weakly with the 32-kDa
OspA protein of HT10, and the OspA proteins of HT19 and
HT15 also reacted weakly with murine polyclonal antibod-
ies.
We analyzed Japanese isolates in comparison with the

strains of three different genospecies from North America,
Europe, and Asia by pulsed-field gel electrophoresis because
of their antigenic heterogeneity and diverse protein profiles.
DNA samples from 10 Japanese isolates and 12 strains from
the three genospecies were analyzed to determine their
plasmid profiles. The plasmid profiles are shown in Fig. 2.
No two isolates examined had the same plasmid profile, and
each isolate had from four to six discernible plasmids. All
Japanese isolates resembled one another in contrast to the
other isolates and all isolates contained an approximately
70-kb plasmid which appeared to correspond to the plasmid
that encodes the OspA protein in B. burgdorferi. The smaller
plasmids of North American, European, and Asian strains
showed more variety.

Epidemiological studies revealed extensive prevalence of
spirochetal infections in questing adult I. persulcatus ticks in
various localities in Japan (24). Furthermore, some spiro-
chetal isolates were obtained from humans with erythema
chronicum migrans, and, by analysis of their protein com-
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FIG. 2. Separation of Borrelia isolates by pulsed-field gel electrophoresis. (A) Japanese borrelial isolates. DNA samples were

electrophoresed at 100 V with 2-s pulses for 40 h. Lambda DNA concatemers and lambda DNA digested with HindIII were used as molecular
size markers. (B) Strains B31, 297, NCH-1, and IPS are B. burgdorferi; strains PGau, B023, UM01, and SMS1 are group VS461; strains P/Bi,
G25, Ir210, and PD89 are B. ganinii.

positions and reactivities with monoclonal antibodies, all the
human isolates were found to be identical to the borrelial
isolates from L persulcatus (23). These results indicated that
L persulcatus is the most important vector of Lyme disease
in Japan.
As we reported here, Japanese isolates are quite distinct

from any other strains isolated in different geographic loca-
tions of the world. The Japanese isolates have major proteins
with either no or only partial antigenic relatedness to the
31-kDa OspA protein. This finding indicates that there are
epitopes conserved at various degrees between the 31-kDa
OspA protein of the B31 strain and the 30- to 34-kDa proteins
of the Japanese isolates. The weak reaction by Western blot
against H5332 (HT10) and polyclonal antibodies (HT19 and
HT15) also showed less conservation of antigenic properties.
Recently, OspA gene polymorphism in B. burgdorferi strains
has been reported (25). The evidence of lack of some
characteristic OspA epitopes arising from an OspA gene
recombination or mutations supports our results described
here.

Borrelial isolates associated with Lyme disease form three
genospecies, B. burgdorferi, B. garinii, and the third re-
ferred to as group VS461 (1). It should be noted that all of the
North American strains belong to one species, B. burgdor-
fedi (1, 19, 28). In contrast, there are three genomic species
in Europe (1). The genomic DNAs from Japanese isolates
were compared with those of other known strains of the

three genospecies by restriction fragment length polymor-
phism by using ribosomal RNA gene probes. We found
significant differences between some of the Japanese borre-
lial isolates from L persulcatus and North American, Euro-
pean, and Asian strains (12). The restriction fragment length
polymorphism analysis showed that HT10 belongs to group
VS461 and that HT17, HT59, and HT32 closely resemble the
strains of B. garinii. The other Japanese isolates are quite
distinct from any other borrelial strains (data not shown).
As we showed here, the characteristics of some Japanese

isolates resemble those of European strains. This similarity
is thought to be related to the distribution of vector ticks
belonging to the L ricinus complex. L ricinus is present in
European countries, and I. persulcatus ticks range continu-
ously from eastern Europe to the Far East. Thus, our
findings may indicate that the European variants of Borrelia
species invaded northern Japan together with the vector
ticks. The wide variation in antigenic and genetic properties
of the Japanese isolates also suggests multiple mutations
during propagation of the Borrelia species.

We thank Yasutake Yanagihara and Toshiyuki Masuzawa for
useful discussion. M.F. thanks Ichiji Mifuchi for constant encour-

agement.
This research was supported in part by a Grant-in-Aid for Scien-

tific Research from the Ministry of Education, Science, and Culture
of Japan and by The Research Foundation for Pharmaceutical
Sciences of Japan.

98-

49-

kb

1390 NOTES



NOTES 1391

REFERENCES
1. Baranton, G., D. Postic, I. S. Girons, P. Boerlin, J.-C. Piffaretti,

M. Assous, and P. A. D. Grimont. 1992. Delineation of Borrelia
burgdorfen sensu stricto, Borrelia garinii sp. nov., and group
VS461 associated with Lyme borreliosis. Int. J. Syst. Bacteriol.
42:378-383.

2. Barbour, A. G. 1984. Isolation and cultivation of Lyme disease
spirochetes. Yale J. Biol. Med. 57:521-525.

3. Barbour, A. G. 1988. Plasmid analysis of Borrelia burgdorferi,
the Lyme disease agent. J. Clin. Microbiol. 26:475-478.

4. Barbour, A. G., W. Burgdorfer, S. F. Hayes, 0. Peter, and A.
Aeschlimann. 1983. Isolation of a cultivable spirochete from
Lcodes ricinus ticks of Switzerland. Curr. Microbiol. 8:123-126.

5. Barbour, A. G., S. F. Hayes, R. A. Heiland, M. E. Schrumpf,
and S. L. Tessier. 1986. A Bonrelia-specific monoclonal antibody
binds to a flagellar epitope. Infect. Immun. 52:549-554.

6. Barbour, A. G., R. A. Heiland, and T. R. Howe. 1985. Hetero-
geneity of major proteins in Lyme disease Borrelia: a molecular
analysis of North American and European isolates. J. Infect.
Dis. 152:478-484.

7. Barbour, A. G., S. L. Tessier, and W. J. Todd. 1983. Lyme
disease spirochetes and ixodid tick spirochetes share a common
surface antigenic determinant defined by a monoclonal anti-
body. Infect. Immun. 41:795-804.

8. Baril, C., C. Richaud, G. Baranton, and I. S. Girons. 1989.
Linear chromosome of Borrelia burgdorfeni. Res. Microbiol.
140:507-516.

9. Burgdorfer, W., A. G. Barbour, S. F. Hayes, J. L. Benach, E.
Grunwaldt, and J. P. Davis. 1982. Lyme disease-a tick borne
spirochetosis? Science 216:1317-1319.

10. Burgdorfer, W., S. F. Hayes, and D. Corwin. 1989. Pathophys-
iology of the Lyme disease spirochete, Borrelia burgdorferi, in
ixodid ticks. Rev. Infect. Dis. 11:S1442-S1450.

11. Burgdorfer, W., R. S. Lane, A. G. Barbour, R. A. Gresbrink,
and J. R. Anderson. 1985. The Western black-legged tick,
Icodespacificus: a vector of Borrelia burgdorfen. Am. J. Trop.
Med. Hyg. 34:925-930.

12. Fukunap, M., M. Sohnaka, and Y. Yanagihara. Analysis of
Borrelia species associated with Lyme disease by rRNA gene
restriction fragment length polymorphism. J. Gen. Microbiol.,
in press.

13. Hoogstraal, H., C. M. Clifford, Y. Saito, and J. E. Keirans. 1973.
Ixodes (Partipalpiger) ovatus Neuman, subgen. nov.: identity,
hosts, ecology, and distribution (Ixodoidae: Ixodidae). J. Med.
Entomol. 10:157-164.

14. Hughes, C. A. N., C. B. Kodner, and R. C. Johnson. 1992. DNA
analysis of Borrelia burgdorferi NCH-1, the first northcentral
U.S. human Lyme disease isolate. J. Clin. Microbiol. 30:698-
703.

15. Johnson, R. C., F. W. Hyde, G. P. Schmid, and D. J. Brenner.
1984. Borrelia burgdorferi sp. nov.: etiological agent of Lyme
disease. Int. J. Syst. Bacteriol. 34:496-497.

16. Kawabata, M., S. Baba, K. Iguchi, N. Yamaguchi, and H.
Russell. 1987. Lyme disease in Japan and its possible incrimi-

nated tick vector, Ixodes persulcatus. J. Infect. Dis. 156:854.
17. LeFevre, R. B., G. C. Perng, and R. C. Johnson. 1989. Charac-

terization of Borrelia burgdorfen isolates by restriction endonu-
clease analysis and DNA hybridization. J. Clin. Microbiol.
27:636-639.

18. Logigian, E. L., R. F. Kaplan, and A. C. Steere. 1990. Chronic
neurologic manifestations of Lyme disease. N. Engl. J. Med.
323:1438-1444.

19. Marconi, R. T., and C. F. Garon. 1992. Development of
polymerase chain reaction primer sets for diagnosis of Lyme
disease and for species-specific identification of Lyme disease
isolates by 16S rRNA signature nucleotide analysis. J. Clin.
Microbiol. 30:2830-2834.

20. Masuzawa, T., Y. Okada, Y. Yanagihara, and N. Sato. 1991.
Antigenic properties of Borrelia burgdorferi isolated from Ix-
odes ovatus and Ixodespersulcatus in Hokkaido, Japan. J. Clin.
Microbiol. 29:1568-1573.

21. Miyamoto, K., M. Nakao, K. Uchikawa, and H. Fujita. 1992.
Prevalence of Lyme borreliosis spirochetes in ixodid ticks of
Japan, with special reference to a new potential vector, Lxodes
ovatus (Acari: Ixodida). J. Med. Entomol. 29:216-220.

22. Miyamoto, K., K. Takahashi, N. Sato, K. Uraguchi, K. Matsuo,
J. lizuka, M. Mon, Y. Tsuboi, and K. Ohtsuka. 1990. Cases of
erythema and Lyme disease associated with tick-bite in Hok-
kaido, Japan. J. Sanit. Zool. 41:63-65.

23. Nakao, M., K. Miyamoto, N. Kawaguchi, Y. Hashimoto, and H.
Iizuka. 1992. Comparison of Borrelia burgdorferi isolated from
humans and ixodid ticks in Hokkaido, Japan. Microbiol. Immu-
nol. 36:1189-1193.

24. Nakao, M., K. Miyamoto, K. Uchikawa, and H. Fujita. 1992.
Characterization of Borrelia burgdorfen isolated from Ixodes
persulcatus and Ixodes ovatus ticks in Japan. Am. J. Trop.
Med. Hyg. 47:505-511.

25. Rosa, P. A., T. Schwan, and D. Hogan. 1992. Recombination
between genes encoding major outer surface proteins A and B of
Borrelia burgdorfeni. Mol. Microbiol. 6:3031-3040.

26. Schwan, T. G., W. Burgdorfer, and C. F. Garon. 1988. Changes
in infectivity and plasmid profile of the Lyme disease spiro-
chete, Borrelia bu,gdorferi, as a result of in vitro cultivation.
Infect. Immun. 56:1831-1836.

27. Steere, A. C., R. L. Grodzicki, A. N. Kornblatt, J. E. Craft,
A. G. Barbour, W. Burgdorfer, G. P. Schmid, E. Johnson, and
S. E. Malawista. 1983. The spirochetal etiology of Lyme dis-
ease. N. Engl. J. Med. 308:733-740.

28. Welsh, J., C. Pretzman, D. Postic, I. S. Girons, G. Baranton, and
M. McClelland. 1992. Genomic fingerprinting by arbitrarily
primed polymerase chain reaction resolves Borrelia burgdorferi
into three distinct phyletic groups. Int. J. Syst. Bacteriol.
42:370-377.

29. Wilske, B., V. Preac-Mursic, G. Schierz, and K. B. Busch. 1986.
Immunochemical and immunological analysis of European Bor-
relia burgdorferi strains. Zentralbl. Bakteriol. Mikrobiol. Hyg.
Ser. A 263:92-102.

VOL. 31, 1993


