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Eight spirochetal isolates (JEM1 to JEM8) were obtained from cutaneous lesions of patients with Lyme
disease in Hokkaido, Japan, and were analyzed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis,
reactivities with monoclonal and polyclonal antibodies, and Southern blot hybridization. The protein profiles
of these borrelial isolates were variable and differed markedly from that of Borrelia burgdorferi B31. The
41-kDa flageilin protein was present in all isolates, but the outer surface protein A that reacted with monoclonal
antibody H5332 was absent from four clinical isolates (JEM1, JEM5, JEM7, and JEM8). Genomic
hybridization with rRNA gene probes demonstrated the genetic divergences among those isolates. These
findings indicate that the borrelial isolates from patients in Japan are quite characteristically unique.

The etiological agent of Lyme disease, Borrelia burgdor-
feri, was discovered and described about 10 years ago (8,
16). Since then, additional isolates of B. burgdorferi have
been obtained from patients, rodents, and various species of
ixodid ticks in all parts of the world (3, 8, 10, 28). B.
burgdorferi sensu lato was first thought to be a homogeneous
species. However, on the basis of DNA homology, specific
rRNA gene restriction patterns, and the differential reactiv-
ities of monoclonal antibodies, three genospecies were re-
cently delineated (2). Two of them are named B. burgdorferi
sensu stricto and B. garinii, and the third genospecies is
referred to as "group VS461."
We have studied the organization of the genes coding for

the rRNAs ofB. burgdorferi and found a unique organization
of rRNA genes in this organism (11, 13, 15, 27). Two sets of
23S/5S rRNA genes (rrllrrf) have 3.2-kb tandem repeats in
that genome (13). A recent typing method based on devel-
opments in DNA analysis is the use of rRNA gene probes to
study the restriction fragment length polymorphisms
(RFLPs) of rRNA genes (30). This procedure is most suc-
cessful for characterizing bacterial species and is also useful
for identifying geographic isolates and for epidemiological
studies (2, 27). On the basis of these findings, we performed
an RFLP analysis of Borrelia strains isolated from Europe,
the United States, and Asia (14). Our results indicated that
the European and U.S. isolates could be classified into three
distinct RFLP groups. By this method, we were able to
associate certain RFLP groups with three genospecies ex-
clusively. However, some isolates from Japanese ticks (Ix-
odes persulcatus) clustered into different RFLP groups
which did not belong to those of any of the genospecies (14).
We report here the genetic divergences of clinical isolates

obtained from patients with Lyme disease in Japan. One
clinical isolate (JEM4) was classified as group II (corre-
sponding to genospecies B. garinii), while the other isolates
were dissimilar to all representatives of the three genospe-
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cies. Six clinical isolates clustered into a fourth group, and
another isolate (JEM3) did not belong to any of the groups.

MATERIALS AND METHODS

Bacterial isolates and culture. Eight borrelial isolates from
humans, designated JEM1 to JEM8, were obtained by cul-
turing cutaneous tissues of erythema migrans lesions in
BSKII medium at 31°C for 4 weeks as described previously
(25). These biopsy specimens from the patients are described
in Table 1. In all cases, we could not identify the species of
ticks because the patients were admitted to the hospitals
after tick removal.
SDS-PAGE and Western blot analysis. The borrelial iso-

lates were analyzed by sodium dodecyl sulfate-polyacrylam-
ide gel electrophoresis (SDS-PAGE). The procedures for
SDS-PAGE and Western blot (immunoblot) analysis were as
described previously (25, 26). Murine monoclonal antibodies
H5332 and H9724 were obtained as hybridoma supernatants
(4-6). Polyclonal antiserum to outer surface protein A
(OspA) of B. burgdorferi B31 was prepared from BALB/c
mice.

Southern hybridization and probe. Cells at the late expo-
nential phase of growth in 100 ml of BSKII medium were
collected and washed by centrifugation. Genomic DNAs
were extracted by a previously described method (12, 13)
and were digested with the enzymes indicated in the legend
to Fig. 3. After separation of DNA digests by electrophore-
sis, DNA fragments in an agarose gel were stained with
ethidium bromide, photographed, and transferred to a nylon
membrane as described previously (12).

Southern hybridization was performed by using rRNA
gene probes as described previously (13, 14). We used two
types of probes. The DNA fragment generated by NheI and
PstI digestion of the rrl sequence from B. burgdorferi B31 (5'
part of the gene; probe NP) and the fragment including the 3'
part of the gene from the same organism generated by StyI
digestion (probe Sty) were used. DNA fragments were
amplified by polymerase chain reaction as described previ-
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TABLE 1. Origin of human-derived spirochetes and results of OspA Western blotting and RFLP ribotyping

Patient characteristic Size (kDa) of RFLP pattern
Sex Age (yr) Biopsy site' OspAa

JEM1 Female 62 Right upper arm IV-2
JEM2 Female 49 Right chest 31.0 IV-4
JEM3 Female 52 Abdomen 30.0 V
JEM4 Male 57 Left popliteal fossa 31.0 II-8
JEM5 Male 65 Right shoulder IV-2
JEM6 Male 29 Right shoulder 31.5 IV-3
JEM7 Male 40 Dorsal center IV-1
JEM8 Female 67 Right earlobe IV-2

a Molecular sizes indicate the proteins that were reactive with monoclonal antibody H5332.
b RFLP groups were designated as described previously (14).
c Human clinical isolates were obtained by culturing the cutaneous tissues (about 5 to 10 mm3) of erythema migrans lesions.

ously (14) and were radiolabeled by using [a-32P]dCTP (222
TBq mmol; Amersham Japan Ltd., Tokyo, Japan) and a
random primer labeling kit (Takara Shuzo Co. Ltd., Kyoto,
Japan).

RESULTS

SDS-PAGE and Western blot analysis. Eight clinical iso-
lates were examined by SDS-PAGE, and the resulting pro-
files are shown in Fig. 1. The protein profiles of those
isolates were different from one another, and the major
proteins of the isolates were found to differ from those of the
North American type strain B. burgdorferi B31. The molec-
ular sizes of proteins from borrelial isolates from patients
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with Lyme disease in Hokkaido varied for proteins with
lower molecular sizes (20 to 35 kDa) but were similar to each
other for proteins of 36 kDa or larger. The reactivities of
monoclonal antibodies H9724 and H5332 and polyclonal
antibody against the clinical isolates are shown in Fig. 2. For
comparison with human isolates, 32 isolates from Ixodes
ovatus ticks were subjected to SDS-PAGE and immunoblot-
ting. The protein profiles and reactivities of monoclonal and
polyclonal antibodies of all isolates obtained from I. ovatus
ticks were almost identical. Therefore, the results for one
isolate (HT103) are shown in Fig. 1 and 2 together with those
for the isolates from humans. The epitope for H9724 was
present in the 41-kDa flagellin proteins of all isolates. How-
ever, the reactivities of the proteins with H5332 were quite
different. Four clinical isolates (JEM2, JEM3, JEM4, and
JEM6) and the isolate from I. ovatus possessed the proteins
that reacted with H5332, but their molecular sizes were
heterogeneous and ranged from 30 to 31.5 kDa. The other
four isolates (JEM1, JEM5, JEM7, and JEM8) failed to react
with H5332, whereas these isolates bore major OspA-like
protein bands. Mouse polyclonal antibodies directed against
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FIG. 1. Coomassie brilliant blue-stained proteins in whole-cell
lysates of tick isolates. Lane B31, B. burgdorferi B31; isolates
JEM1, JEM2, JEM3, JEM4, JEM5, JEM6, JEM7, and JEM8,
spirochetal isolates from Lyme disease patients in Hokkaido, Japan;
isolate HT103, spirochete from an I. ovatus tick. Molecular mass

standards (MWS) are bovine serum albumin (66 kDa), ovalbumin (45
kDa), glyceraldehyde 3-phosphate dehydrogenase (36 kDa), car-

bonic anhydrase (29 kDa), trypsinogen (24 kDa), and trypsin inhib-
itor (20-kDa). The arrowheads indicate Western blots of isolates that
reacted with monoclonal antibodies (H9724 and H5332). The solid
and open arrowheads indicate the H9724- and H5332-reacting pro-
teins, respectively.
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FIG. 2. Antigenic characteristics of clinical and tick isolates
determined by Western blotting against the OspA protein. All

spirochetal isolates were the same as those in Fig. 1. (A) Monoclonal
antibody H5332; (B) mouse polyclonal sera against purified OspA
protein from B. burgdorfeni B31.
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FIG. 3. Schematic representation of the hybridization patterns
obtained with the probe. Genomic DNAs were digested with PstI
(A), HpaI (B and C), EcoRV (D), and HincII (E and F), electro-
phoresed in agarose gels, blotted, and probed with radiolabeled
rRNA gene fragments. Probe NP (A, B, D, and E) or Sty (C and F)
were used as hybridization probes. All other experimental condi-
tions are described in the text.

the OspA protein of strain B31 reacted with all of these
OspA-like proteins (Fig. 2B).
Genomic Southern hybridization and schematic representa-

tion of RFLP patterns. The genomic DNA of each clinical
isolate was extracted and digested with PstI, EcoRV, HpaI,
or HincII. DNA digests were separated, blotted, and hybrid-
ized with 32P-labeled probes (NP or Sty). The patterns
obtained by genomic Southern hybridization showed that the
strains usually shared a common 3.2-kb fragment which was
derived from the rRNA gene repetition in this organism (13,
14). The results are shown schematically in Fig. 3. The
genomic Southern hybridization of PstI digests with the NP
probe is shown in Fig. 3A. None of the clinical isolates had
a PstI site in their rrl sequences and presented profiles in
contrast to that for strain B31. In contrast, the hybridization
of the other digests revealed two bands. The sharing of a

common 3.2-kb fragment suggests that a fragment begins at
the enzyme cleavage site in the first rrl sequence and ends at
the cleavage site in the second copy of the gene. The use of
the NP probe revealed a second band consisting of the
remainder of the first rrl sequence and the upstream region to
the next enzyme cleavage site (B, D, and E). A second band
which comprised the remainder of the second rrl gene and
the downstream region to the next restriction site (C and F)
was detected by using the Sty probe. By probing of EcoRV

digests with the NP probe, six clinical isolates and strain B31
gave a second band of 6.5 kb which contained the 5' half of
the first rrl sequence and the upstream region to the next
EcoRV restriction site (D). JEM3 yielded a second band of
7.8 kb, and JEM4 gave a distinct second band of 5.2 kb. With
HpaI digestion, four isolates (JEM2, JEM3, JEM4, and
JEM6) showed different upstream HpaI sites, but only JEM4
had a distinct restriction site downstream of the genes (B and
C). JEM2 and JEM3 showed a different upstream HincII
site, whereas JEM4 revealed different HinclI sites both
upstream and downstream of the rRNA genes (E and F). The
groupings obtained on the basis of RFLP analysis are also
presented in Table 1.

DISCUSSION

Lyme disease is frequently diagnosed on the basis of the
presence of the characteristic skin lesion, erythema chroni-
cum migrans (29). The first patient with Lyme disease in
Japan was diagnosed by serological detection of antibodies
to antigens of B. burgdorferi and was reported in 1987 (17).
Subsequently, spirochetes were actually detected in a cul-
ture of patient specimens (18, 25). The present study was
undertaken to analyze and compare the antigenic and genetic
characteristics of Borrelia isolates in Japan. Eight clinical
isolates were obtained from erythema migrans lesions of
patients admitted to the Asahikawa Medical College Hospi-
tal and related clinics during the last 3 years (from 1990
through 1992). Those clinical isolates were examined by
SDS-PAGE and genomic Southern hybridization by using
rRNA gene probes. The isolates exhibited a variety of
protein profiles and considerable antigenic heterogeneity.
Four clinical isolates possessed proteins that reacted with
monoclonal antibody H5332, but the other four isolates
failed to react with H5332. All of these isolates showed
major OspA-like protein bands. The lack of the OspA
epitopes against H5332 in these isolates also shows the
variations in the antigenic properties of the Japanese clinical
isolates. By using RFLP analysis, almost all clinical isolates
in Japan were dissimilar to representative isolates from the
United States and Europe. One of our previous reports (14)
showed that some Japanese tick isolates differ strikingly
from tick isolates recovered from other geographic regions.

Since the first case of Lyme disease in Japan was reported
(17), the number of cases has increased gradually in northern
parts of Japan (1, 18, 24). However, the tick vectors for most
cases were not identified. The agent of Lyme disease in
Japan was initially isolated from the hard tick I. persulcatus
(21). Thereafter, we isolated spirochetes from wild rodents
and ixodid ticks in the northern parts of Japan (21-26, 31).
Epidemiological studies revealed the high prevalence of
spirochetal infections in L persulcatus and L ovatus in the
areas of high endemicity for Lyme disease (22, 31), and
questionnaire surveys indicated that people who are out-
doors are frequently bitten by ticks (19, 23). Both I. persul-
catus and L ovatus are the most common tick species in
Hokkaido. We demonstrated that the isolates from I. ovatus
ticks collected at various locations in Japan were homoge-
neous and distinguishable from the heterogeneous isolates
from I. persulcatus ticks with respect to their protein com-
positions (Fig. 1) (26). The data obtained in the present study
and from our previous work (14) indicated that Japanese
borrelial isolates obtained from patients and the isolates
from I. persulcatus ticks are clustered into the same RFLP
groups. Our RFLP analysis of isolates from ticks also
indicated that the borrelial isolates obtained from I. ovatus
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were quite distinct from members of the groups associated
with Lyme disease (data not shown). All of these results,
therefore, suggested thatI. persulcatus is the most important
vector of Lyme disease in Japan.
Lyme disease is a severe human illness primarily initiated

by infection with the pathogenic spirochete B. burgdorfen (7,
9). Following the skin rash, severe arthritis and neurologic
and cardiac manifestations may occur (8, 16, 28). A number of
Borrelia isolates have been obtained from clinical specimens,
rodents, and tick vectors. Those isolates were examined by
biochemical, immunological, and genetic procedures, and
now, borrelial isolates associated with Lyme disease in the
United States and Europe are thought to consist of three
genospecies (2, 20, 32, 33). In contrast, symptoms of Lyme
disease in Japan associated with cardiac and nervous system
manifestations have not been well documented.
We found that clinical isolates obtained in the Hokkaido

area can share phenotypic and genetic heterogeneity. The
characteristics of Japanese isolates are dissimilar to those of
strains from Europe and the United States. This dissimilarity
is thought to be related to the species of tick vector. Ticks
belonging to the lIodes ricinus species complex, Ixodes
scapuralis and Ixodes pacificus in North America and I.
ricinus and I. persulcatus in Eurasia, are important vectors
to humans. I. ricinus is distributed in European countries,
and the habitat of I. persulcatus ranges continuously from
eastern Europe to the Far East. The wide variation in
antigenic and genetic properties of Japanese isolates may
suggest an evolution of the borreliae in the hosts.

ACKNOWLEDGMENTS

We are grateful to N. Kawagishi, Y. Hashimoto, S. Matsuo, and
H. Iizuka (Department of Dermatology, Asahikawa Medical Col-
lege) for supplying the biopsy specimens. M.F. thanks I. Mifuchi
(University of Fukuyama) for constant encouragement.

REFERENCES
1. Baba, S., T. Hao, H. Fujita, K. Fujino, Y. Mizoguchi, K.

Yoshikawa, H. Suzuki, I. C. Woo, N. Kubo, Y. Arashima, K.
Kawano, and K. Iguchi. 1990. Lyme borreliosis-two subclini-
cal cases. Rinsho Hifuka. 44:483-486. (In Japanese.)

2. Baranton, G., D. Postic, I. S. Girons, P. Boerlin, J. C. Piffaretti,
M. Assous, and P. A. D. Grimont. 1992. Delineation of Borrelia
burgdorferi sensu stricto, Borrelia garinii sp. nov., and group
VS461 associated with Lyme borreliosis. Int. J. Syst. Bacteriol.
42:378-383.

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

4. Barbour, A. G., S. F. Hayes, R. A. Heiland, M. E. Schrunpf,
and S. L. Tessier. 1986. Borrelia-specific monoclonal antibody
binds to a falgellar epitope. Infect. Immun. 52:549-554.

5. 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.

6. 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.

7. Burgdorfer, W. 1984. Discovery of the Lyme disease spirochete
and its relationship to tick vectors. Yale J. Biol. Med. 57:71-76.

8. 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.

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

10. Burgdorfer, W., R. S. Lane, A. G. Barbour, R. A. Gresbrink,

and J. R. Anderson. 1985. The Western black-legged tick,
Ixodespacificus: a vector of Borrelia burgdorferi. Am. J. Trop.
Med. Hyg. 34:925-930.

11. Davidson, B. E., J. MacDougall, and I. S. Girons. 1992. Physical
maps of the linear chromosome of the bacterium Borrelia
burgdorferi 212. J. Bacteriol. 174:3766-3774.

12. Fukunaga, M., and I. Mifuchi. 1989. Unique organization of
Leptospira interrogans rRNA genes. J. Bacteriol. 171:5763-
5767.

13. Fukunaga, M., and M. Sohnaka. 1992. Tandem repeat of the 23S
and 5S ribosomal RNA genes in Borrelia burgdorferi, the
etiological agent of Lyme disease. Biochem. Biophys. Res.
Commun. 183:952-957.

14. Fukunaga, M., M. Sohnaka, and Y. Yanagihara. 1993. Analysis
of Borrelia species associated with Lyme disease by rRNA gene
restriction fragment length polymorphism. J. Gen. Microbiol.
139:1141-1146.

15. Fukunaga, M., Y. Yanagihara, and M. Sohnaka. 1992. The
23S/5S ribosomnal RNA genes (rr/rrf) are separate from the 16S
ribosomal RNA gene (mr) in Borrelia buwgdorferi, the aetiolog-
ical agent of Lyme disease. J. Gen. Microbiol. 138:871-877.

16. 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.

17. 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.

18. Kawagishi, N., Y. Hashimoto, S. Matsuo, H. Iizuka, M. Nakao,
K. Miyamoto, and M. Kawabata. 1992. Isolation and identifica-
tion of the Lyme disease spirochete from the skin lesions of
erythema chronicum migrans in Japan. Jpn. J. Dermatol. 102:
491-495. (In Japanese.)

19. Kubo, N., Y. Arashima, M. Yoshida, M. Kawabata, S. Nishinar-
ita, T. Hayata, S. Sawada, T. Hone, M. Nakao, K. Miyamoto,
and K. Kawano. 1992. Questionnaire surveys of cases of tick
bite and Lyme borreliosis in hunters in Hokkaido with reference
to detection of anti-Borrelia burgdorferi antibody. Intern. Med.
31:1163-1168.

20. 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.

21. Miyamoto, K., M. Nakao, N. Sato, and M. Mon. 1991. Isolation
of Lyme disease spirochetes from an ixodid tick in Hokkaido,
Japan. Acta Trop. 49:65-68.

22. 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, Ixodes
ovatus (Acari: Ixodida). J. Med. Entomol. 29:216-220.

23. Miyamoto, K., and K. Takahashi. 1990. Human ixodiasis in
Hokkaido: case report and questionnaire for the forestry orga-
nization. Jpn. J. Sanit. Zool. 41:59-62.

24. Miyamoto, K., K. Takahashi, N. Sato, K. Uraguchi, K. Matsuo,
J. Iizuka, M. Mori, Y. Tsuboi, and K. Ohtsuka. 1990. Cases of
erythema and Lyme disease disease associated with tick-bite in
Hokkaido. Jpn. J. Sanit. Zool. 41:63-65.

25. 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.

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

27. Schwartz, J. J., A. Gazumyan, and I. Schwartz. 1992. rRNA
gene organization in the Lyme disease spirochete, Borrelia
burgdorfeni. J. Bacteriol. 174:3757-3765.

28. 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.

29. Steere, A. C., S. E. Malawista, J. A. Hardin, S. Ruddy, P. W.

VOL. 31, 1993



J. CLIN. MICROBIOL.

Askenase, and W. A. Andiman. 1977. Erythema chronicum
migrans and Lyme arthritis. The enlarging clinical spectrum.
Ann. Intern. Med. 86:685-698.

30. Stull, T. L., J. J. LiPuma, and T. D. Edlind. 1988. A broad
spectrum probe for molecular epidemiology of bacteria: riboso-
mal RNA. J. Infect. Dis. 157:280-286.

31. Uchikawa, K., K. Muramatsu, K. Miyamoto, and M. Nakao.
1991. An extensive prevalence of Borrelia burgdorferi, the
etiologic agent of Lyme borreliosis, in Nagano Prefecture,
Japan. Jpn. J. Sanit. Zool. 42:293-299.

32. Wallich, R., C. Helmes, U. E. Schaible, Y. Lobet, S. E. Moter,
M. D. Kramer, and M. M. Simon. 1992. Evaluation of genetic
divergence among Borrelia burgdorferi isolates by use of OspA,
fla, HSP60, and HSP70 gene probes. Infect. Immun. 60:4856-
4866.

33. Wilske, B., V. Preac-Mursic, U. B. Gobel, B. Graf, S. Jauris, E.
Soutschek, E. Schwab, and G. Zumstein. 1993. An OspA sero-
typing system for Borrelia burgdorferi based on reactivity with
monoclonal antibodies and OspA sequence analysis. J. Clin.
Microbiol. 31:340-350.

2048 FUKUNAGA ET AL.


