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Three recombinant plasmids containing DNA from Borrelia coriaceae, the putative agent of epizootic bovine
abortion, expressed antigens in Escherichia coli that reacted with antibodies specific for B. coriaceae. Two of
the recombinants each expressed a single high-molecular-weight antigen. The third recombinant expressed
three smaller antigens. The DNA inserts were sized and mapped. Hybridization of the cloned inserts to
pulsed-field electrophoresis samples of B. coriaceae whole-cell DNA revealed the origin of two of the inserts to
be located in linear plasmids. One of these, expressing three antigens, was located in a 210-kilobase linear
plasmid. A second recombinant expressed a single antigen but hybridized to at least three distinct linear
plasmids. The third clone also expressed a single antigen but was demonstrated to be chromosomal in origin.

Borrelia coriaceae has been reported to be the putative
agent of epizootic bovine abortion (14, 18). The organism is
carried and transmitted by the soft-bodied Ornithodoros
coriaceus tick. Because this tick feeds on animals and
humans, B. coriaceae may pose an unappreciated health
threat to vertebrates other than cattle. A member of the
spirochete family, B. coriaceae typically has proven difficult
to identify in the host and to isolate and grow in culture.
Hence, conclusive evidence of the role of this organism as a
pathogen is still lacking. Important information has been
gained concerning other spirochetes when recombinant
DNA methods were used to study their respective genomes
and antigen expression. Notable examples are the syphilis
agent Treponema pallidum (7, 8, 31, 32), the relapsing fever
agent Borrelia hermsii (21, 25), and the Lyme disease agent
Borrelia burgdorferi (3, 12, 13). Of particular importance in
these studies was the discovery that major antigens from
both B. hermsii and B. burgdorferi are encoded and ex-
pressed in linear plasmids (3, 12, 13, 25). In the B. hermsii
report it was demonstrated that antigenic variation is due to
translocation of genes to expression sites contained in linear
plasmids.

It is not known whether B. coriaceae undergoes antigenic
variation or whether it controls expression of genes by
translocation. However, in this report we describe the
cloning of genes into plasmid vectors expressing B. cori-
aceae antigens in Escherichia coli. One of the recombinants
apparently contained an operon of three genes expressing
three distinct antigens. This insert hybridized to a 210-
kilobase (kb) linear plasmid. A second clone expressed a
single antigen but hybridized to at least three distinct linear
plasmids, thus indicating the possible presence of silent and
expression-linked copies of this gene as described previously
for B. hermsii. The third clone discussed in this report
expressed a single antigen derived from the chromosome of
B. coriaceae.

MATERIALS AND METHODS

Strains used in this study. B. coriaceae reference strain
ATCC 43381 was maintained in modified BSKII medium (1)
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and grown at 33°C. Cells were harvested at the mid-log phase
(approximately 2 x 108 to 4 x 108 cells per ml).

Purification of linear plasmids for cloning. Samples of 20 ml
of cell culture were washed three times in phosphate-
buffered saline containing 5 mM MgCl2. The pellet was
suspended in 400 ,ul of 15% sucrose in 50 mM Tris hydro-
chloride (pH 8.0)-S50 mM EDTA. Then 100 RI of 10% sodium
dodecyl sulfate and 25 ,ul of a 20 mM stock solution of
proteinase K were added, and the mixture was incubated at
37°C for 1 h. The mixture of lysed cells was carefully loaded
on to a linear sucrose gradient (10 to 40%) prepared in 50 mM
Tris hydrochloride-50 mM EDTA. The sample was centri-
fuged in an SW41 rotor at 28,000 rpm for 20 h. Three-drop
fractions were collected from the bottom of the tube through
a no. 21 needle. Individual fractions were electrophoresed in
a 0.3% agarose gel, stained with ethidium bromide, and
illuminated with UV irradiation to determine which con-
tained the linear plasmid DNA. The linear plasmid fractions
were pooled, and the DNA was precipitated with 2.5 vol-
umes of cold 95% ethanol, dried, and suspended in 10 mM
Tris hydrochloride (pH 8.0)-i mM EDTA (TE) buffer. The
DNA concentration was determined spectrophotometrically
in preparation for cloning into pUC plasmid expression
vectors.

Cloning procedures. Enzymes used in these procedures
were purchased from Bethesda Research Laboratories, Inc.,
Gaithersberg, Md., and used according to the manufactur-
er's specifications. Approximately 100 ng of the pooled
linear plasmid fraction from B. coriaceae was partially
digested with HindIII (1 U of enzyme, 15 min). The DNA
was phenol extracted and ethanol precipitated by standard
procedures as described above. The DNA pellet was dis-
solved in TE buffer. The pUC19 plasmid vector was pre-
pared for ligation to the B. coriaceae plasmid DNA by
digestion with HindIII, phenol extraction, ethanol precipita-
tion, and suspension in 10 mM Tris hydrochloride (pH 8.0)-i
mM EDTA. The pUC plasmid and the digested linear
plasmids were mixed and ligated with T4 DNA ligase at 130C
overnight.

Preparation of competent E. coli cells (JM83) and the
subsequent transformation were performed by standard pro-
cedures (20). The transformed cells were plated on LB plates
(22) containing 100 pg of ampicillin per ml and 50 ,ug of
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5-bromo-4-chloro-3-indolyl-,-D-galactopyranoside per ml.
White colonies representing E. coli cells containing recom-
binant plasmids were subcloned and screened for expression
of B. coriaceae antigens.
Immunoassay of recombinant clones. After the recombi-

nant clones were grown, they were transferred to nitrocel-
lulose membranes by standard colony hybridization methods
(10). Approximately 300 clones were assayed. The mem-
branes were previously saturated in 24 mg of isopropyl-
3-D-thiogalactopyranoside per ml to induce expression of

the insert sequences. The cells were then lysed on the
membranes by exposure to chloroform vapor, followed by
gentle washing in 1% sodium dodecyl sulfate. The mem-
branes were blocked with bovine serum albumin and Tween
20 by standard procedures (10). The lysed cells were then
reacted with antibodies raised in rabbits inoculated with
whole cells of B. coriaceae. A second (goat anti-rabbit)
antibody conjugated to alkaline phosphatase was added,
followed by the enzyme substrate, 5-bromo-4-chloro-3-in-
dolylphosphate, and Nitro Blue Tetrazolium (Zymed Labo-
ratories Inc., South San Francisco, Calif.). Sixteen clones
appeared to react positively with the antiserum. These
clones were further analyzed by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (12% polyacrylamide
gels) and immunoblot analysis as previously described (6,
17).

Restriction maps of the cloned genes. The B. coriaceae
antigen genes were sized and mapped with restriction en-
zymes by standard procedures (20).

Location of the antigen genes in B. coriaceae. Positive
clones expressing B. coriaceae antigens were grown in 20 ml
of LB broth containing 100 mg of ampicillin per liter. The
plasmids were isolated by an alkaline lysis procedure (5).
The plasmids were digested with HindIII and radiolabeled
with [a-32P]dCTP (26). The labeled plasmids were used as
probes and hybridized to Southern blots (30) of pulsed-field
gels containing whole-cell B. coriaceae DNA encapsulated
in agarose beads and electrophoresed as previously de-
scribed (19, 24, 29).

RESULTS

Immunoassay of recombinant clones. The screening of the
recombinant cells by colony hybridization produced 16
clones that appeared to react with the antiserum. These
colonies were run in a sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis system. Figure 1 shows an immu-
noblot of these clones reacted with the antiserum directed
against B. coriaceae. Of the 16 clones, 7 were strongly
positive to the antiserum. Clones in lanes 4, 7, and 13 all
synthesized three antigens of similar molecular masses rang-
ing from approximately 27 to 30 kilodaltons (kDa). Lanes 9
and 11 represented clones expressing a single protein of
approximately 35 kDa. Clones in lanes 15 and 16 expressed
a B. coriaceae antigen of approximately 55 to 60 kDa. The
expressed antigens appeared to represent full-length copies
of proteins based on similar-sized reacting antigens in B.
coriaceae. However, the smallest of the triplet proteins did
not appear to be represented in B. coriaceae. It is possible
that this protein is expressed in B. coriaceae but at much
lower levels than in E. coli.

Sizing and mapping the DNA inserts. Representative
recombinant plasmids for each of the three antigen expres-
sion types in Fig. 1 were further characterized. The recom-
binant plasmid expressing three antigens was designated
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FIG. 1. Immunoblot screening for the expression ofB. coriaceae
antigens in E. coli cells containing recombinant plasmids. The blot
was screened with antiserum raised in rabbits against whole-cell B.
coriaceae. Lanes: 1, B. coriaceae lysed whole cells; 4, 7, and 13,
three antigens between 27 and 30 kDa; 9 and 11, 35-kDa antigen; 15
and 16, 55- to 60-kDa antigen.

pPL1. Several restriction enzymes were used in mapping the
cloned gene(s): EcoRI, BamHI, PstI, KpnI, BclI, HindIII,
ClaI, NheI, NruI, XbaI, BssHII, SalI, MluI, SstI, SstII,
BalI, BglII, EcoRV, and HinclI. Only HincII cut the DNA
(Fig. 2A). The size of the insert was determined to be 2 kb by
HindIII digestion and agarose gel electrophoresis.
The recombinant plasmid expressing the 35-kDa protein

was designated pPL2. The same restriction enzymes were
used to map this insert. Figure 2B illustrates the enzymes
that cut the DNA and their approximate locations. The size
of the pPL2 gene was determined to be 1.5 kb.
The third recombinant, expressing the 55- to 60-kDa

antigen, was designated pPL3. The size of the gene (1.9 kb)
and a restriction map of the enzymes the cut within it are
shown in Fig. 2C.

Location of the antigen genes. The recombinant plasmids
were radiolabeled and used as probes to determine their
location within the B. coriaceae cell. Figure 3 represents a
pulsed-field gel containing several lanes of B. coriaceae
whole-cell DNA. The bands at the bottom of Fig. 3 between
10 and 60 kb represent several linear plasmids as described
previously (19). The band at approximately 210 kb also
represents a linear plasmid. The intense staining band
slightly above the 210-kb plasmid (approximately 225 to 250
kb) represents linearized or broken chromosomal DNA. The
DNA remaining in the well is predominantly intact chromo-
somal DNA. The DNA in the gel was transferred to a nylon
membrane, and the lanes were cut into strips for hybridiza-
tion with the cloned probes.

Figure 4 is an autoradiograph of the gel in Fig. 3, which
was hybridized with different probes. The first lane (labeled
B. c. whole cell) was probed with labeled whole-cell B.
coriaceae DNA. All of the genetic components of the B.
coriaceae are apparent. The second lane was probed with
pPL1, the recombinant expressing three antigens. The probe
hybridized only to the 210-kb linear plasmid. The third lane
was probed with pPL2, the gene that expressed the 35-kDa
antigen. The DNA hybridized to what appeared to be three
linear plasmids (60, 35, and 30 kb). The 35-kb band may in
fact be a cluster of linear plasmids that were poorly resolved
under these conditions (19).
The third probe, pPL3, which synthesized the 55- to
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FIG. 2. (A) Restriction map of pPL1 expressing three B. coriaceae antigens. (B) Restriction map of pPL2 expressing the 35-kDa antigen.
(C) Restriction map of pPL3 expressing the 55- to 60-kDa antigen.

60-kDa antigen, hybridized to the chromosome (Fig. 4,
fourth lane). This plasmid hybridized to the linearized chro-
mosomal DNA as well as to the intact chromosomal DNA
remaining in the loading well. It was not surprising that a
chromosomal gene was cloned from a linear plasmid-en-
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FIG. 3. Pulsed-field gel electrophoresis of four identical lanes of
whole-cell B. coriaceae DNA encapsulated in agarose beads. l.p.,

Linear plasmid; l.c., linearized chromosome; c.c., circular chromo-
some. Sizes in kilobase pairs are indicated on the left side.

riched fractionation. This is due to the fact that chromo-
somal DNA is easily broken and linearized during cell lysis
and other physical manipulations. This high-molecular-
weight linearized DNA is difficult to separate from the
210-kb linear plasmid in the sucrose fractionation and thus
was pooled with the linear plasmids.

DISCUSSION
B. coriaceae has been described as the presumptive agent

of epizootic bovine abortion, a disease endemic to the
foothill ranges of California (16, 18). The spirochete was first
isolated in 1985 (18) and was characterized as a new species
in 1987 (14). It is known to by carried and transmitted by the
soft-bodied 0. coriaceus tick (14, 18). Because this tick
frequently takes blood meals from humans, it is of critical
importance to determine the role of B. coriaceae as a
pathogen. This is particularly true in light of the serious
diseases caused by other members of the Borrelia genus,
among which are relapsing fever and Lyme disease.
A previous report described a genetic and antigenic char-

acterization of B. coriaceae and its relationship to other
spirochetes (19). The genetic complement present within B.
coriaceae was described at that time. As seems to be typical
among all Borrelia species, several linear plasmids are
present in B. coriaceae as described by pulsed-field gel
electrophoresis (2, 3, 19, 25). It has been reported that linear
plasmids in B. hermsii and B. burgdorferi encode for and
express outer surface proteins in these organisms (3, 21). It
has also been reported that linear and circular plasmids in a
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FIG. 4. Autoradiograph of the four lanes represented in Fig. 3
blotted to nylon membranes and probed with the recombinant
genes. Lanes were probed with whole-cell B. coriaceae (B.c.) DNA,
pPL1, pPL2, and pPL3. l.p., Linear plasmid; l.c., linearized chro-
mosome; c.c., intact circular chromosome.

strain of B. burgdorferi are responsible for encoding viru-
lence factors in the mammalian host (28). Based on this
information, we investigated the genetic elements resident in
B. coriaceae. Several clones were identified that contained
recombinant plasmids expressing antigens that reacted with
antiserum raised against B. coriaceae. Three of these clones,
expressing five different antigens, were studied in detail.
One of these clones (pPL1) expressed three antigens and

was derived from a 210-kb linear plasmid. The second clone
(pPL2) expressed a 35-kDa antigen and hybridized to at least
three of the smaller linear plasmids of B. coriaceae. The
third clone (pPL3) expressed a 55- to 60-kDa antigen and was
derived from the chromosome of B. coriaceae. These results
are novel compared with what has been reported regarding
antigen expression in other Borrelia species. In B. burgdor-
feri the two outer surface antigen genes that have been
described are located in a juxtaposed operon position in a

single linear plasmid (3, 12). The genes described for B.
hermsii that are responsible for antigenic variation are lo-
cated on different linear plasmids, but only one linear
plasmid appears to contain the site for expression of these
genes (21).
Recombinant pPL1 expressed three antigens of approxi-

mately 27, 28, and 30 kDa. It is not clear whether the two
smaller antigens are degradation products of the largest one
or whether unique proteins synthesized from distinct genes.
Based on the fact that a 30-kDa protein is encoded in
approximately 810 DNA base pairs, it is possible that up to
three genes may be coded within the cloned 2-kb fragment in
pPL1. Thus, it may be that these genes are linked in an

operon configuration similar to outer surface proteins A and
B described for B. burgdorferi (3). In support of this theory,

the antigens were expressed in E. coli at the same levels with
or without induction of expression by isopropyl-p-D-thioga-
lactopyranoside. This indicates that a promoter(s) for these
genes was also cloned which functioned in E. coli indepen-
dently of the repressed lactose promoter. Future work
involving transposon mutagenesis and subcloning will deter-
mine the configuration of these genes in relation to a possible
transcriptional unit. The function(s) of the 210-kb linear
plasmid, other than encoding the antigen genes described
here, is not known. However, it is of interest to note that
only 1 of 19 restriction enzymes used for mapping this gene
digested the DNA (Hincll). The lack of restriction sites
within this 2-kb clone is not readily explainable, since the
battery of enzymes used to digest the DNA recognizes a
wide range of purine and pyrimidine combinations.
The recombinant pPL2 expressed a 35-kDa antigen. The

1.5-kb cloned gene hybridized to at least three of the smaller
linear plasmids in B. coriaceae. It is not known which of
these plasmids were actually transcribing the gene. Conceiv-
ably, all of them may be actively transcribed in expressing
this antigen. Another interpretation may be similar to what
has been reported in B. hermsii; that is, there may be an
expression site in one of the linear plasmids where antigen
genes are transposed in and out for activation (21). Should
this be the case, it may also indicate that B. coriaceae
undergoes a similar method of antigenic variation as de-
scribed in B. hermsii. Such a phenomenon could explain, at
least in part, how B. coriaceae might invade and kill or injure
the bovine fetus in spite of an active immune response by the
unborn calf (23, 27; B. I. Osburn, unpublished data).
The fact that genes cloned from the linear plasmids

expressed major antigens of approximately 34 kDa and 27 to
30 kDa is of interest. These appear to be size ranges of major
antigens in B. coriaceae. These are essentially the same
sizes as the two major outer surface proteins, A and B, of the
lyme disease agent B. burgdorferi (31 and 34 kDa, respec-
tively). Outer surface antigens identified in B. hermsii and
other relapsing fever Borrelia spp. range from 30 to 43 kDa
(4, 15). All of these antigens are encoded in linear plasmids
in these organisms. It is conceivable, therefore, that the
34-kDa and the 27- to 30-kDa antigens are surface proteins in
B. coriaceae as well.
The third recombinant, pPL3, expressed a 55- to 60-kDa

antigen in E. coli. The 1.9-kb clone hybridized specifically to
chromosomal DNA in the pulsed-field gel separation of
whole-cell DNA from B. coriaceae. This is the first report of
any Borrelia species housing and expressing an antigen gene
located in the chromosome, although other interesting find-
ings of Borrelia chromosomes have been reported (9, 11).
The role of the expressed protein in B. coriaceae is not
known.
B. coriaceae, like other species in this genus, is unique

among procaryotic organisms. The maintenance of several
linear plasmids and their role in the expression of antigens
and possibly other proteins is of interest to the clinical
investigator as well as to the basic research scientist. In this
report several new findings are discussed for B. coriaceae
which have not been described in other Borrelia organisms.
The synthesis of antigens encoded in genes located in several
discrete genetic components resident in B. coriaceae is
intriguing. Future work should delineate other functional
genes in the linear plasmids and the possible role of gene
switching and antigenic variation. The role of the chromo-
some in antigen expression and possible virulence factors
and gene switching is also in need of further study.

VOL. 58, 1990



1748 PERNG AND LEFEBVRE

ACKNOWLEDGMENTS
We thank Jane Shapiro for her expert technical assistance in

culturing and preparing the B. coriaceae strain for experimental
purposes.

This research was supported by Livestock Disease Research
Laboratory (Agricultural Experiment Station) grants 475016-19900-5
and 475041-19900-5.

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

spirochetes. Yale J. Biol. Med. 57:521-525.
2. Barbour, A. G. 1988. Plasmid analysis of Borrelia burgdorferi,

the Lyme disease agent. J. Clin. Microbiol. 26:475-478.
3. Barbour, A. G., and C. F. Garon. 1987. Linear plasmids of the

bacterium Borrelia burgdorferi have covalently closed ends.
Science 237:409-411.

4. Barbour, A. G., S. L. Tessier, and H. G. Stoenner. 1982.
Variable major proteins of Borrelia hermsii. J. Exp. Med.
156:1312-1324.

5. Birnboim, H. C. 1983. A rapid alkaline extraction method for
the isolation of plasmid DNA. Methods Enzymol. 100:243-255.

6. Burnette, W. N. 1981. Western blotting: electrophoretic transfer
of proteins from sodium dodecyl sulfate polyacrylamide gels to
unmodified nitrocellulose and radiographic detection with anti-
body and radioiodinated protein A. Anal. Biochem. 112:195-
203.

7. Coates, S. R., P. J. Sheridan, D. S. Hansen, W. J. Laird, and
H. A. Erlich. 1986. Serospecificity of a cloned protease-resistant
Treponema pallidum-specific antigen in Escherichia coli. J.
Clin. Microbiol. 23:460-464.

8. Fehniger, T. E., A. M. Walfield, T. M. Cunningham, J. D.
Radolf, J. N. Miller, and M. A. Lovett. 1984. Purification and
characterization of a cloned protease-resistant Treponema pal-
lidum-specific antigen. Infect. Immun. 46:598-607.

9. Ferdows, M. S., and A. G. Barbour. 1989. Megabase-sized linear
DNA in the bacterium Borrelia burgdorferi, the Lyme disease
agent. Proc. Natl. Acad. Sci. USA 86:5969-5973.

10. Guesdon, J. L., B. B. Bocquet, M. Debarbouille, and M. Hof-
nung. 1985. In situ immunodetection of surface or intracellular
bacterial antigens using nitrocellulose sheets. J. Immunol.
Methods 84:53-63.

11. Hayes, L. J., D. J. M. Wright, and L. C. Archer. 1988.
Segmented arrangement of Borrelia duttonii DNA and location
of variant surface antigens. J. Gen. Microbiol. 134:1785-1793.

12. Howe, T. R., F. W. LaQuier, and A. G. Barbour. 1986. Organi-
zation of genes encoding two outer membrane proteins of the
Lyme disease agent Borrelia burgdorferi within a single tran-
scriptional unit. Infect. Immun. 54:207-212.

13. Howe, T. R., L. W. Mayer, and A. G. Barbour. 1984. A single
recombinant plasmid expressing two major outer surface pro-
teins of the Lyme disease spirochete. Science 227:645-646.

14. Johnson, R. C., W. Burgdorfer, R. S. Lane, A. G. Barbour, S. F.
Hayes, and F. W. Hyde. 1987. Borrelia coriaceae sp. nov.:
putative agent of epizootic bovine abortion. Intl. J. Syst.
Bacteriol. 328:454-456.

15. Kehl, K. S. C., S. G. Farmer, R. A. Komorowski, and K. K.
Knox. 1986. Antigenic variation among Borrelia spp. in relaps-
ing fever. Infect. Immun. 54:899-902.

16. Kennedy, P. C., H. J. Olander, and J. A. Howarth. 1960.
Pathology of epizootic bovine abortion. Cornell Vet. 50:417-

429.
17. Laemmli, U. K. 1970. Cleavage of structural proteins during the

assembly of the head of bacteriophage T4. Nature (London)
227:680-685.

18. Lane, R. S., W. Burgdorfer, S. F. Hayes, and A. G. Barbour.
1985. Isolation of a spirochete from the soft tick, Ornithodoros
coriaceus: a possible agent of epizootic bovine abortion. Sci-
ence 230:85-87.

19. LeFebvre, R. B., and G. C. Perng. 1989. Genetic and antigenic
characterization of Borrelia coriaceae, putative agent of epi-
zootic bovine abortion. J. Clin. Microbiol. 27:389-393.

20. Maniatis, T., E. F. Fritsch, and J. Sambrook. 1982. Molecular
cloning: a laboratory manual. Cold Spring Harbor Laboratory,
Cold Spring Harbor, N.Y.

21. Meier, J. T., M. I. Simon, and A. G. Barbour. 1985. Antigenic
variation is associated with DNA rearrangements in a relapsing
fever Borrelia. Cell 41:403-409.

22. Miller, J. H. 1972. Experiments in molecular genetics. Cold
Spring Harbor Laboratory, Cold Spring Harbor, N.Y.

23. Osebold, J. W., B. I. Osburn, R. Spezialetti, R. B. Bushnell, and
J. L. Stott. 1987. Histopathologic changes in bovine fetuses after
repeated reintroduction of a spirochete-like agent into pregnant
heifers: association with epizootic bovine abortion. Am. J. Vet.
Res. 48:627-633.

24. Overhauser, J., and M. Z. Radic. 1987. Encapsulation of cells in
agarose beads for use with pulsed field gel electrophoresis. BRL
Focus 9:8-9.

25. Plasterk, R. H. A., M. I. Simon, and A. G. Barbour. 1985.
Transposition of structural genes to an expression sequence on
a linear plasmid causes antigenic variation in the bacterium
Borrelia hermsii. Nature (London) 318:257-262.

26. Rigby, P. W. J., M. Dieckman, C. Rhodes, and P. Berg. 1977.
Labeling of deoxyribonucleic acid to high specific activity in
vitro by nick translation with DNA polymerase I. J. Mol. Biol.
113:237-251.

27. Schmidtmann, E. T., R. B. Bushnell, E. C. Loomis, M. N. Oliver,
and J. H. Theis. 1976. Experimental and epizootiologic evidence
associating Ornithodoros coriaceus Koch (Acari: Argasidae)
with the exposure of cattle to epizootic bovine abortion in
California. J. Med. Entomol. 13:292-299.

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

29. Schwartz, D. C., and C. R. Cantor. 1984. Separation of yeast
chromosome-sized DNA by pulsed field gradient gel electropho-
resis. Cell 37:67-75.

30. Southern, E. 1975. Detection of specific sequences among DNA
fragments separated by gel electrophoresis. J. Mol. Biol. 98:
503-518.

31. Stamm, L. V., T. C. Kerner, Jr., V. A. Bankaitis, and P. J.
Bassford, Jr. 1983. Identification and preliminary characteriza-
tion of Treponema pallidum protein antigens in Escherichia coli.
Infect. Immun. 41:709-721.

32. Van Embden, J. D., H. J. van der Donk, R. V. van Eik, H. G.
van der Heide, J. A. de Jong, M. F. van Olderen, A. B.
Osterhaus, and L. M. Schouls. 1983. Molecular cloning and
expression of Treponema pallidum DNA in Escherichia coli
K-12. Infect. Immun. 42:187-196.

INFECT. IMMUN.


