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Spirochete strains HP3 and H014, isolated from Ixodes persulcatus and I. ovatus in Hokkaido in 1989, were
the first isolates of Borrelia burgdorferi, the etiological agent of Lyme disease, to be recognized in Japan.
Antigenic properties of the Japanese strains were compared with those of the strains isolated in the United
States (B31 and 297) and Europe (IRS, P/Gau, P/Bi, 2/B45, and 3/B56) by Western blotting (immunoblotting),
by using monoclonal antibodies (MAbs) against strains B31 and P/Bi. The Japanese strains reacted with MAb
U40 against the 41-kDa antigen. MAb E34a31 against Osp A reacted with all the strains tested except for strain
HP3. Furthermore, MAb U31b against Osp A reacted with all the American and European strains but did not
react with the Japanese strains. When MAbs against Osp B were used, MAb E34b reacted only with European
strains and MAb U34b reacted only with the American strains. However, neither showed reactivity to two
Japanese strains. MAb E60 against 60-kDa antigen reacted with all the U.S. and European strains and strain
HP3 but did not react with Japanese strain H014. These results indicate that the antigenicity of the Japanese
strains isolated from two species of ixodid ticks is different from that of the strains isolated in the United States
and Europe. It is suggested that the Japanese strains are much more suitable than the U.S. or European strains
as the antigen source for the serodiagnosis of Lyme disease in Japan.

The etiologic agent of Lyme disease, Borrelia burgdorferi
(9), has been isolated or detected from various species of
ixodid ticks, Ixodes dammini (5), I. ricinus (2), 1. pacificus
(7), and others (6, 17).
Lyme borreliosis was first reported in Japan in a patient in

the Nagano Prefecture in 1987 (10). Spirochetes were iso-
lated from two species of ixodid ticks, I. persulcatus and I.
ovatus, in Hokkaido, Japan, and were determined to be B.
burgdorferi by genus-specific monoclonal antibody (MAb)
H9724 (3) against flagella and MAb H5332 (4) against outer
surface protein A (Osp A) (16). Although I. persulcatus is
considered to be a vector of Lyme borreliosis in European
and Asian USSR, China, and Japan (6), isolation of B.
burgdorferi from I. ovatus was a novel observation and is of
interest because of the ecological features of this tick spe-
cies. A comparative study of the antigenic properties of B.
burgdorferi among Japanese, American, and European
strains is important for the establishment of a confident
serodiagnosis and is necessary for the development of a
vaccine for Lyme borreliosis in Japan.

In this study, the antigenic characteristics of Japanese
strains were compared with those of the strains isolated in
the United States and Europe by Western blotting (immu-
noblotting) by using MAbs against strain B31 and P/Bi.

MATERIALS AND METHODS
Strains and cultivation. The borrelial strains used in this

study are shown in Table 1. Strains B31, 297, IRS, P/Bi,
P/Gau, and 2/B45, and 3/B56 were kindly provided by R. C.
Johnson, the University of Minnesota, Minneapolis, and by
A. Schonberg, the Institute for Veterinary Medicine, Berlin,
Federal Republic of Germany. The Japanese strains, H014
and HP3, were isolated from the midgut of I. ovatus and I.
persulcatus in Hokkaido, Japan, in 1989 by Sato et al. (16).

* Corresponding author.

Borrelia strains were cultivated at 33°C in BSK II medium
(1).

Rabbit antiserum. Polyclonal antisera to B. burgdorferi
297, B31, and P/Bi were prepared from rabbits. Rabbits were
injected intravenously four times at 7-day intervals with
lyophilized cells (100 ,ug) in saline.
Development of MAbs. Hybridomas secreting MAbs were

prepared by the method of Kohler and Milstein (11). Briefly,
BALB/c mice (Japan SLC Co., Hamamatsu, Japan) were
injected intraperitoneally with 108 lyophilized cells of strain
B31 or P/Bi four times at 7-day intervals. The spleen cells of
immunized BALB/c mice were fused with P3-X63-Ag8.653
mouse myeloma cells at a ratio range of 5:1 to 10:1 by using
50% polyethylene glycol 4000 (E. Merck AG, Darmstadt,
Federal Republic of Germany) by the method described
previously (13). Fused cells were cultured in hypoxanthine-

TABLE 1. Type and source of borrelial strains

Organism Source of organism Origin of source

B. burgdorferi
B 31 I. dammini New York
297 Human CSF Connecticut
IRS I. ricinus Switzerland
P/Bi Human CSF FRGa
P/Gau Human skin FRG
2/B45 I. ricinus FRG
3/B56 I. ricinus FRG
HP3 I. persulcatus Hokkaido, Japan
H014 I. ovatus Hokkaido, Japan
B. coriaceae Ornithodoros coriaceusb California
B. parkeri Ornithodoros parkeric Western United States

aFRG, Federal Republic of Germany.
b The presence of B. coriaceae may be associated with epizootic bovine

abortion.
' The presence of B. parkeri has been associated with New World tick-

borne relapsing fever.
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FIG. 1. SDS-PAGE profiles. Numbers on the left and arrow-

heads indicate the molecular masses of the standard proteins used

and positions of flagellum Osp A, Osp B, and pC proteins, respec-

tively.

aminopterin-thymidine medium. Two weeks later, the cul-
ture supernatants were tested for the formation of specific
antibody against homologous strains by immunoblotting.
SDS-PAGE and immunoblotting. Sodium dodecyl sulfate-

polyacrylamide gel electrophoresis (SDS-PAGE) was car-
ried out by the method of Laemmli (12), with a vertical slab
gel of 10 or 15% polyacrylamide and a stacking gel of 5%
polyacrylamide. The gels were stained with Coomassie
brilliant blue. Antigens from another gel strip were electro-
phoretically transferred onto nitrocellulose membranes
(Toyo-Roshi Co., Tokyo, Japan) by the method of Towbin et
al. (19).
The immunologically reactive bands were stained with

MAbs as previously described (14). The nitrocellulose mem-
branes were incubated with MAbs at 37°C for 2 h. Per-
oxidase-conjugated anti-mouse immunoglobulin G (IgG)-
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FIG. 2. Antigenic characteristics of Japanese strains by Western

blotting with rabbit polyclonal sera. Numbers on the left and
arrowheads indicate the molecular masses (daltons) of the standard
proteins used and positions of flagellum, Osp A, and Osp B proteins,
respectively.

IgM-IgA (Organon Teknika, Malvern, Pa.) as the second
antibody was added and incubated at 37°C for 1 h. Substrate
solution prepared by the method of Hawkes et al. (8) was
added, and specific antigen bands were visualized. MAbs
H9724 against flagella (3), H5332 against Osp A (4), and H68
against Osp B were used for a comparison of reactivities.
The two MAbs were kindly provided by Alan G. Barbour,
University of Texas, San Antonio.

RESULTS

Comparison of protein antigen bands by SDS-PAGE. The
main antigens of the Japanese strains were characterized by
SDS-PAGE. The two Japanese strains, HP3 and H014, had
the Osp A (molecular mass, 29 to 30 kDa), flagellum (41-
kDa), and 60-kDa antigens. These electrophoretic profiles
were very similar to that of strain B31 (Fig. 1). Strains H014

TABLE 2. Reactivities of MAbs to B. burgdorferi strains isolated in Japan compared with reactivities to non-Japanese Borrelia strains

Molecular mass (kDa) of reactive band with the following MAb (class and subclass):
Organism Origin' U17 U31b E31 E34a31 U34b E34b U40 E60 H5332b H68b H9724b

(IgM) (IgG3) (IgG3) (IgGl) (1gM) (IgGl) (IgG2a) (IgM) (IgGI) (NRc) (IgG2a)

B. burgdorferi
B31 USA 11-16 29 NDd 29 32 ND 41 60 29 32 41
297 USA 11-14.3 29 ND 29 32 ND 41 60 29 32 41
IRS EUR 12 29 ND 29 32 ND 41 59 29 32 41
P/Bi EUR ND 30 30 30 ND 31 ND 61 30 ND 41
2/B45 EUR ND 30 30 30 ND 31 ND 61 30 ND 41
3/B56 EUR ND 30 30 30 ND 31 ND 61 30 ND 41
P/Gau EUR ND 29 ND 29 ND ND 41 58 29 ND 41
H014 JPN ND ND ND 30 ND ND 41.5 ND 30 ND 41
HP3 JPN ND ND ND ND ND ND 41 61 30 ND 41

B. coriaceae USA ND ND ND ND ND ND ND 60 ND ND 39
co53

B. parkeri USA ND ND ND ND ND ND ND ND ND ND 41
a USA, United States; EUR, Europe; JPN, Japan.
b These MAbs were kindly provided by A. G. Barbour.
c NR, class and subclass of MAb H68 were not reported.
d ND, specific reactive bands were not detected.
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FIG. 3. Immunoblotting of borrelial strains by using MAb U17.

Numbers on the left indicate the molecular masses (daltons) of the
standard proteins used.

and B31 showed the Osp B band (31 to 32 kDa), which was
absent in strain HP3. Protein C (pC), the major protein in the
20- to 22-kDa range, was observed in the two Japanese
strains.
Immunological reactivity of Japanese strains with poly-

clonal anti-rabbit sera. Anti-strain B31 antiserum reacted
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with flagella, Osp A, and Osp B of the American strains, B31
and 297 (Fig. 2). Japanese strains HP3 and HP14 showed the
Osp A band and a weakly reactive flagellum band, but the
Osp B band was not detectable. Anti-strain P/Bi antiserum
reacted with periplasmic flagella and Osp A of Japanese
strains H014 and HP3. These reactivity patterns were very
similar to those of the American and European strains.
Immunological reactivity of borrelial strains with MAbs.

The U series of MAbs, U17, U31b, U34b, and U40, and the
E series of MAbs, E31, E34a31, E34b, E60, were prepared
from mice immunized with strain B31 isolated in the United
States and strain P/Bi isolated in the Federal Republic of
Germany. The class and subclass of each MAb and immu-
noblot results are shown in Table 2.
MAb U17 reacted to antigens of strains B31 and 297 in the

11- to 16-kDa range, and a weak reaction was observed with
the antigen of IRS in a similar molecular mass range (Fig. 3).
In contrast, other European strains and two Japanese strains
were nonreactive with this MAb. MAb U31b reacted to Osp
A of strains B31, 297, 2/B45, 3/B56, P/Bi, and IRS (Fig. 4A);
it had a weak reaction to Osp A of strain P/Gau (arrow).
MAb E31 prepared from mice immunized with strain P/Bi
reacted with Osp A of European strains 2/B45, 3/B56, and
P/Bi, but it did not react with other strains tested (Fig. 4B).
Another MAb against Osp A, MAb E34a31, showed potent
reactivity against Osp A of European strains 2/B45, 3/B56,
and P/Bi. Weakly reactive bands were observed with Japa-
nese strain H014, North American strains B31 and 297, and
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FIG. 4. Immunoblotting of borrelial strains by using MAbs against Osp A. (A) U31b; (B) E31; (C) E34a31; (D) MAb H5332. Numbers on

the left and arrowheads indicate the molecular masses (daltons) of the standard proteins used and the position of the Osp A band, respectively.
The arrows in panels A + D indicate the presence of the faintly reactive bands.
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FIG. 5. Immunoblotting of borrelial strains by using MAbs against Osp B. (A) U34b; (B) E34b; (C) H68. Numbers on the left and
arrowheads indicate the molecular masses (daltons) of the standard proteins used and the position of the Osp B band, respectively. The arrows
in panel C indicate low-molecular-mass bands.

European strains IRS and P/Gau, but this MAb did not react
with Japanese strain HP3 (Fig. 4C). Positively reacting
strains with MAbs U31b and E34a31 showed weakly and/or
potently cross-reactive bands of 58 to 62 and 18 to 20 kDa
(Fig. 4A and C). Furthermore, MAb H5332 reacted with all
the B. burgdorferi strains tested, while the reactivity with
strain P/Gau was very weak (Fig. 4D, arrow). These results
suggested that MAbs U31b, E31, E34a31, and H5332 recog-
nized Osp A as antigen, but antigenic determinants recog-
nized by each MAb were different from each other.
MAb U34b, prepared from mice immunized with strain

B31, reacted with Osp B of strains B31, 297, and IRS, but it
did not react with other strains tested including two Japanese
strains (Fig. 5A). Another MAb against Osp B, E34b,
prepared from mice immunized with strain P/Bi, reacted
with Osp B of European strains 2/B45, 3/B56, and P/Bi (Fig.
5B). MAb H68 reacted with Osp B and low-molecular-mass
antigens (arrows) of strains B31, 297, and IRS (Fig. 5C). The
reactivity of MAb U34b was very similar to that of MAb
H68, but MAb U34b did not show cross-reaction with the
low-molecular-mass antigen. MAb U40 reacted with the 41-

to 41.5-kDa antigen of strains HP3, H014, B31, 297, IRS,
and P/Gau, while the reactivity of U40 with strains HP3 and
H014 was weaker than that of other strains tested (Fig. 6A).
MAb H9724 reacted with a 39- to 41-kDa antigen, flagellin, of
the tested strains (Fig. 6B). As shown in Fig. 4C, the
molecular mass of reactive bands with MAb U40 was slightly
smaller than that with H9724. Furthermore, MAb U40 did
not react to periplasmic flagella by using the immunoelec-
tron-microscopic method. By two-dimensional electrophore-
sis, it was revealed that MAb U40 reacted to a 41-kDa
protein antigen which was more acidic than the flagellum
protein (data not shown). MAb E60 recognized the 60-kDa
antigen and reacted with 9 of 11 strains tested but did not
react with Japanese strain H014 or B. parkeri (Fig. 7).

DISCUSSION

This study demonstrates that blot patterns of the main
antigens (flagellum, Osp A, and the 60-kDa protein) of
Japanese strains (B. burgdorferi H014 and HP3) are quite
similar to those of American and European strains in West-
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FIG. 6. Immunoblotting of borrelial strains by using MAbs against 40- to 41-kDa antigens. (A) U40; (B) H9724; (C) strain 297 with MAbs
U40 or H9724 on the same membrane. Numbers on the left and arrowheads indicate the molecular masses (daltons) of the standard proteins
used and the position of the flagellum band, respectively.

VOL. 29, 1991



1572 MASUZAWA ET AL.

lb %N% 05 q)e° lotvPI' Oijb jo~+ 14P4b fl ,C~~ Q%,

66K- _ qmp w am

45K-

24K-

E60
FIG. 7. Immunoblotting of borrelial strains by using MAb E60.

Numbers on the left indicate the molecular masses (daltons) of the
standard proteins used.

ern blotting with polyclonal antisera against American and
European strains. Furthermore, SDS-PAGE profiles of the
Japanese strains are very similar to that of American strain
B31. The two Japanese strains reacted with MAb H5332
directed against Osp A of B. burgdorferi and with H9724
directed against the Borrelia flagellum antigen. These results
suggested that the two Japanese strains were strains of B.
burgdorferi.

In addition, antigenic properties of the Japanese strains
were compared with those of American and European
strains by using a variety of MAbs (Table 2). U.S. strains
B31, isolated from L. dammini, and 297, isolated from human
cerebrospinal fluid (CSF), and Swiss strain IRS, isolated
from I. ricinus, showed similar blot profiles with these
MAbs. Strains 2/B45 and 3/B56, isolated from I. ricinus in
the Federal Republic of Germany, and P/Bi, isolated from
human CSF in the Federal Republic of Germany, also
showed similar profiles that differed from those of B31, 297,
and IRS. Postic et al. (15) reported that two borrelial
genomic DNA hybridization groups could be differentiated
by rRNA gene restriction patterns and suggested that this
difference was species dependent. Our results from Western
blotting were in accordance with those of Postic et al.
Although antigenic differences between the American and
European borrelial strains have been previously reported
(18, 20, 21), the present study is the first demonstration that
American and European borrelial strains can be antigeni-
cally classified into three groups by MAbs.
The Japanese strain H014, isolated from I. ovatus, re-

acted only with MAbs U40, E34a31, H5332, and H9724. The
other Japanese strain HP3, isolated from I. persulcatus,
reacted with MAbs U40, E60, H5332, and H9724, but it did
not react with other MAbs. The immunological reactivity of
H014 to the MAb panel was different from that of HP3. The
reactivity of American strains to the MAbs tested was quite
similar to that of European strains in spite of the difference
of the source of isolation, i.e., ticks or patients, but the
reactivity of the Japanese strains isolated from two species
of ixodid ticks was different from that of the strains isolated
in the United States and Europe.

Antigenic differences among Japanese, American, and
European strains in this study are clearly shown, and it is

suggested that the Japanese strains are much more suitable
as an antigen source for the serodiagnosis of Lyme disease in
Japan than are American or European strains.

Antigenic characteristics of other isolates from I. ovatus
and I. persulcatus in Hokkaido, Japan, are in the process of
being determined by using MAbs raised against Japanese
strains.

ACKNOWLEDGMENTS

This study was supported by a Grant-in-Aid for Encouragement of
Young Scientists (02857348) from the Ministry of Education, Sci-
ence and Culture of Japan and by a Grant-in-Aid for Scientific
Research from the Shizuoka Prefectural Foundation for the Ad-
vancement of Education, Japan.

REFERENCES
1. Barbour, A. G. 1984. Isolation and cultivation of Lyme disease

spirochetes. Yale J. Biol. Med. 57:521-525.
2. Barbour, A. G., W. Burgdorfer, S. F. Hayes, 0. Peter, and A.

Aeschlimann. 1983. Isolation of a cultivable spirochete from
Ixodes ricinus ticks of Switzerland. Curr. Microbiol. 8:123-126.

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

4. 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.

5. 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.

6. 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.

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

8. Hawkes, R., E. Niday, and J. Gordon. 1982. A dot-immunobin-
ding assay for monoclonal and other antibodies. Anal. Biochem.
119:142-147.

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

10. 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.

11. Kohler, G., and C. Milstein. 1975. Continuous cultures of fused
cells secreting antibody of predefined specificity. Nature (Lon-
don) 256:495-497.

12. Laemmli, U. K. 1970. Cleavage of structural proteins during the
assembly of the head of bacteriophage T4. Nature (London)
277:680-685.

13. Masuzawa, T., M. Kumagai, T. Shimizu, and Y. Yanagihara.
1988. Classification of Leptospira interrogans serovar lai strain
017 by using monoclonal antibodies. J. Clin. Microbiol. 26:
2332-2337.

14. Masuzawa, T., R. Nakamura, T. Shimizu, Y. Iwamoto, T.
Morita, and Y. Yanagihara. 1989. Immunological characteristics
of the glycolipid antigen of Leptospira interrogans serovar lai.
Infect. Immun. 57:2502-2506.

15. Postic, D., C. Edlinger, C. Richaud, F. Grimont, Y. Dufresne, P.
Peropat, G. Baranton, and P. A. D. Grimont. 1990. Two
genomic species in Borrelia burgdorferi. Res. Microbiol. 141:
465-475.

16. Sato, N., T. Ito, K. Kameyama, K. Takahashi, and H. Honma.
1990. Investigations of ticks for the presence of Borrelia and the
prevalence of positive antibodies to Borrelia burgdorferi among
residents in Hokkaido, Japan, abstr. 489, p. 166. Proceedings of
the International Congress for Infectious Disease, Montreal,
Canada.

J. CLIN. MICROBIOL.



ANTIGENIC PROPERTIES OF B. BURGDORFERI 1573

17. Sigal, L. H. 1988. Lyme disease: a world-wide borreliosis. Clin.
Exp. Rheumatol. 6:411-421.

18. Stanek, G., B. Jurkowitsch, C. Kochi, I. Burger, and G. Khana-
kha. 1990. Reactivity of European and American isolates of
Borrelia burgdorferi with different monoclonal antibodies by
means of a microimmunoblot technique. Zentralbl. Bakteriol.
Mikrobiol. Hyg. 1 Abt. A 272:426-436.

19. Towbin, H., T. Staehelin, and J. Gordon. 1979. Electrophoretic
transfer of proteins from polyacrylamide gels to nitrocellulose

sheets: procedure and some applications. Proc. Natl. Acad. Sci.
USA 76:43504354.

20. Wilske, B., V. Preac-Mursic, G. Schierz, and K. V. Busch. 1986.
Immunochemical and immunological analysis of European Bor-
relia burgdorferi strains. Zentralbl. Bakteriol. Mikrobiol. Hyg. 1
Abt. A 263:92-102.

21. Wilske, B., V. Preac-Mursic, G. Schierz, R. Kuhbeck, A. G.
Barbour, and M. Kramer. 1988. Antigenic variability ofBorrelia
burgdorferi. Ann. N.Y. Acad. Sci. 539:126-143.

VOL. 29, 1991


