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OspA and OspB are major outer membrane proteins and antigens of the Lyme disease spirochete, Borrelia
burgdorferi. We examined the organization of ospA and ospB, the genes encoding these proteins. The location
and direction of transcription of each osp gene was determined by subcloning, deletion analysis, and transposon
Tn5 mutagenesis. Transposon Tn5 insertions within the ospA gene abrogated expression of ospB, suggesting
that these genes are transcribed from a common promoter. Northern blot analysis of mRNA from B.
burgdorferi with two DNA probes individually specific for ospA or ospB identified a 2.2-kilobase transcript that
hybridized with each probe. These studies indicate that the two osp genes of B. burgdorferi constitute a single

transcriptional unit.

Lyme disease is a complex of clinical disorders caused by
the tick-borne spirochete Borrelia burgdorferi (11, 22). Dis-
tinctive forms of the infection include erythema chronicum
migrans (9, 34), acrodermatitis chronica atrophicans (1),
lymphocytic meningoradiculitis (30, 34), and Lyme arthritis
(33-35). Chronic manifestations of Lyme disease appear to
be the consequence of the persistence of viable borreliae in
the host (32, 33).

Immunochemical analyses of the Lyme disease agent, B.
burgdorferi, have identified several antigens (2, 4, 12, 38),
two of which are abundant cellular proteins with apparent
molecular weights of 31,000 (31K protein) and 34,000 (34K
protein) in the type strain of B. burgdorferi, B31 (6, 8). The
31K and 34K proteins have been designated OspA and
OspB, respectively (21). These proteins are exposed at the
surface of the borrelia and are embedded in its fluid outer
membrane (6, 8).

Examination of several isolates of B. burgdorferi from the
United States and Europe revealed variation among strains
in the apparent sizes and antigenicities of the Osp proteins
(5). Whether variation in Osp proteins among isolates may
be responsible for differences in clinical manifestations of
infection remains to be determined (5), but antigenic differ-
ences in Osp proteins provide a basis, at least, for serotyping
B. burgdorferi isolates, thus facilitating studies of the patho-
genesis of Lyme disease.

We have reported the isolation and preliminary character-
ization of a recombinant plasmid, pTRH32, which produces
both OspA and OspB in Escherichia coli (21). This recom-
binant provides a foundation for a variety of studies con-
cerning potential roles for the Osp proteins in the pathogen-
esis, immunobiology, and serodiagnosis of Lyme disease. In
the present study, we determined the organization of the two
osp genes within pTRH32. The manipulation of the individ-
ual osp genes for high-level expression in E. coli would be
aided by the determination of gene location and direction of
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transcription. In addition, information on gene organization
in one strain provides a basis for using gene-specific nucleic
acid probes to examine the gene organization in B.
burgdorferi strains with antigenically different Osp proteins.
This approach was recently used to examine the heteroge-
neity of OspA proteins among North American and Euro-
pean isolates (5) and should ultimately lead to an understand-
ing of the mechanisms that regulate expression of these
abundant, surface-exposed antigens.

MATERIALS AND METHODS

Bacterial strains and growth conditions. E. coli ED8654
(met gal supE supF hsdR) (27) served as the recipient for
pTRH32, its deletion derivatives, and Tn5 insertion deriva-
tives. E. coli XAcSu™ (28) carrying pTRH32 was used to
obtain TnJS insertions within pTRH32. Subclones of pTRH32
in plasmid vectors were selected and maintained in E. coli
JM101 [A(lac-pro) supE thi F' traD36 proAB lacl‘Z, AM15]
(Bethesda Research Laboratories, Inc. [BRL], Gaith-
ersburg, Md.). E. coli recipients were routinely cultivated in
L medium [LB] broth or on LB agar plates (25). Cells used
for plasmid transformation were grown in SOB medium (18).
Media were supplemented with ampicillin at 50 pg/ml for the
selection and maintenance of plasmids. Kanamycin sulfate
(25 pg/ml) was used to select and maintain Tn5 insertions
within pTRH32. B. burgdorferi B31 (ATCC 35210) was
grown in BSKII medium (3).

Plasmids. The plasmid pTRH32 contains a 6-kilobase (kb)
DNA fragment of B. burgdorferi B31 inserted into the
BamHI site of the vector pBR322. The isolation and prelim-
inary characterization of this recombinant have been de-
scribed previously (21). Subclones were constructed in vec-
tors pUC8 and pUC9 (37).

Recombinant techniques. Plasmid DNA was routinely ob-
tained by alkaline lysis (10). Plasmid DNA was further
purified by ethidium bromide-cesium chloride density gradi-
ent centrifugation (25) for certain applications. Restriction
enzymes and T4 DNA ligase were obtained from BRL or
New England BioLabs, Inc., Beverly, Mass., and were used
according to the conditions recommended by the supplier.
Competent cells were prepared as described by Hanahan
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(18). Subclones in pUC vectors were plated on media
supplemented with isopropylthio-B-galactoside (IPTG;
BRL) and 5-bromo 4-chloro-3-indolyl-B-p-galactoside
(BRL). Restriction endonuclease-generated DNA fragments
were purified from agarose gels by electroelution onto DES81
paper (Whatman, Inc., Clifton, N.J.) as described by
Dretzen et al. (14). DNA fragments were further purified by
RCP5-analog chromatography (Elutip; Schleicher & Schuell,
Inc., Keene, N.H.) before ligation or radiolabeling.

Transposon mutagenesis. TnS insertions in pTRH32 were
obtained essentially as described by de Bruijn and Lupski
(13). Briefly, E. coli carrying pTRH32 was infected with A
467 (A v221 rex::Tn5 cI857 Oam29 Pam80) at a multiplicity of
infection of 1 to 10 (28). After incubation at room tempera-
ture for 60 min, transfectants were selected on LB agar
supplemented with ampicillin and kanamycin. Plasmid DNA
was prepared from pools of greater than 10° colonies and
used to transform E. coli ED8654. Colonies were scored for
resistance to kanamycin and ampicillin.

Solid-phase radioimmunoassay. Transformants in some
experiments were screened for expression of osp genes by a
solid-phase radioimmunoassay. Two murine monoclonal an-
tibodies were used to identify Osp proteins. Antibody H5332
binds to an epitope of the OspA protein of strain B31 (9).
Antibody H6831 recognizes the OspB protein of strain B31
™).

In the assay, 1 ml of an overnight culture was pelleted,
suspended in 100 pl of a 2% solution of sodium dodecyl
sulfate (SDS) containing 1 pg of phenylmethylsulfonyl fluo-
ride per ml, and boiled for 10 min. Disks punched from
Whatman no. 54 filter paper were placed in flat-bottom
microtiter plate wells. Cell lysates (10 nl) were applied to
these disks, which were dried for 30 min at 42°C. The disks
were then blocked with a solution of S0 mM Tris hydrochlo-
ride (pH 7.4)-150 mM NaCl-5 mM EDTA containing 0.05%
Tween 20 (TSE/Tween) and incubated at room temperature
for 60 min with hybridoma supernatants diluted 1:10 in
TSE/Tween. After antibody incubation, the disks were
washed twice with TSE/Tween, and then 50 pl of >°I-labeled
protein A (New England Nuclear Corp., Boston, Mass.) (5 X
10° cpm/ml in TSE/Tween) was added to each well. After
incubation for 30 min, disks were washed four times with
TSE/Tween, twice with water, and once with methanol and
then dried. The disks were counted in a Gamma 4000 counter
(Beckman Instruments, Inc., Fullerton, Calif.). Samples
were examined in triplicate, and the mean count was deter-
mined. Lysates of E. coli ED8654 with and without plasmid
pTRH32 served as positive and negative controls, respec-
tively. A positive assay was defined as a mean count at least
fivefold greater than and 2,000 cpm higher than the mean
count obtained with negative controls.

Polyacrylamide gel electrophoresis and Western blot analy-
sis. Whole-cell lysates of E. coli containing recombinant
plasmids were prepared from overnight cultures. Cells were
pelleted, washed once with phosphate-buffered saline, sus-
pended in 1/10 volume of 2% SDS sample buffer, and boiled
for 10 min. Ten microliters of each whole-cell lysate was
applied to a polyacrylamide gel and electrophoresed under
conditions described previously (8); the acrylamide concen-
tration in the separating gel was 10%. Proteins in the gel
were stained with Coomassie blue or electrophoretically
transferred to nitrocellulose membranes as described previ-
ously (8). Blots were incubated with 2% bovine serum
albumin (fraction V; Miles Scientific, Div. Miles Laborato-
ries, Inc., Naperville, Ill.) in phosphate-buffered saline for 1
h and then incubated overnight in a 1:10 dilution of hybrid-
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FIG. 1. Physical and genetic map of pTRH32 and its derivatives.
The rectangular areas represent sequences in pBR322 flanking the
6-kb cloned insert. ——, Subcloned regions; (- — -), regions deleted
from pTRH32. Restriction sites within pTRH32: B, BamHI; E,
EcoRl; G, Bglll; H, Hindlll; P, Pstl; V, EcoRV. The asterisk
indicates that production of OspB was noted only when recombinant
pTRH38 was grown in the presence of IPTG.

oma supernatant in phosphate-buffered saline-bovine serum
albumin. Subsequent washings and '*’I-labeled protein A
incubation were performed in phosphate-buffered saline with
0.05% Tween 20. Blots were exposed to XAR-5 film (East-
man Kodak Co., Rochester, N.Y.) for 16 h.

Northern blot analysis. Borreliae were grown to the late
exponential phase and collected by centrifugation (9,000 X g
for 20 min at 25°C). Freshly harvested cells were lysed in a
solution of 4 M guanidine thiocyanate-25 mM sodium citrate
(pH 7.0)-2% 2-mercaptoethanol-2% sodium lauryl sarcosin-
ate, and total RN A was extracted with hot acidic phenol (15,
26). Transfers of mRNA species from formaldehyde-
containing agarose gels to nylon membranes (Biodyne A,
1.2-um pores; ICN Pharmaceuticals Inc., Irvine, Calif.)
were performed by a modification (26) of the method of Seed
(31). Nucleic acid probes were radiolabeled with [a-2P]ATP
with a commercial nick translation kit (BRL). The prehy-
bridization and hybridization solutions were 50% formam-
ide, 6x SSC (1x SSC is 0.15 M NaCl plus 0.015 M sodium
citrate), 5X Denhardt solution (26), 0.1% sodium PP;, and
0.5% SDS. The blots were prehybridized for 5 h at 37°C and
then incubated with probes at a specific activity of 10°
cpm/ml for 14 h at 37°C. The membranes were washed twice
with 0.1x SSC-0.1% SDS-5 mM EDTA at 65°C for 20 min
and then exposed to XAR-S film (Kodak) with an intensify-
ing screen for 2 h at —75°C.

RESULTS

Physical location of the osp genes on pTRH32. To determine
the location of ospA and ospB genes within the insert of
pTRH32, we prepared a series of subclones and deletion
derivatives of pTRH32. The constructions are depicted in
Fig. 1. Plasmids pTRH34 and pTRH35 consist of a 2.5-kb
EcoRI-Bglll restriction fragment cloned into EcoRI-BamHI-
cleaved pUCS8 and pUC9, respectively. Similarly, pTRH36
and pTRH37 contain the central PstI-HindlIl fragment of
pTRH32 cloned into pUC8 and pUCY9, and pTRH38 and
pTRH39 contain the BgllI-EcoRI fragment cloned into pUC8
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and pUC9. Deletion derivatives of pTRH32 (Fig. 1) were
prepared as follows: plasmid pTRH40 was obtained by
digesting pTRH32 with EcoRV and recircularizing the 7.5-kb
restriction fragment. Similarly, pTRH41 was prepared by
digesting pTRH32 with EcoRI and recircularizing the 5.3-kb
fragment. Plasmid pTRH42 was constructed by deleting the
1-kb Pstl restriction fragment from pTRH32. The expression
of Borrelia osp genes by these derivatives was assessed by
polyacrylamlde gel electrophoresis and Western blot analy-
sis. Hosts with pUC-derived recombinant plasmids were
grown in both the presence and the absence of IPTG.

The inducible expression of full-length ospB was demon-
strated when pTRH38-bearing E. coli was grown in medium
containing IPTG. Recombinant pTRH39 contains the same
cloned DNA sequence as pTRH38, but the insert is in the
other orientation with respect to the lac promoter. The strain
with pTRH39 did not produce detectable amounts of either
Osp protein, with or without added IPTG. This finding
indicated that the structural gene for OspB is contained
within the 2.5-kb BgllII-EcoRI fragment, that gene transcrip-
tion is in the direction of the EcoRI site toward the Bg/II site,
and that expression of ospB by this recombinant is depen-
dent upon the lac promoter within the pUC vector. Deletion
of the leftmost EcoRV fragment (pPTRH40) did not adversely
affect production of either OspA or OspB. However, dele-
tion of either the 5-kb EcoRI fragment (P TRHA41) or the 1-kb
Pstl fragment (pTRH42) abrogated the expression of both
ospA and ospB genes. The findings with these deleted de-
rivatives, taken together with the results with the subclones
(pTRH34, pTRH35, pTRH36, and pTRH37), suggest that
both genes are located within the rightmost 2 to 3 kb of the
original insert (Fig. 1).

Tn5 mutagenesis. To more exactly determine the location
of the osp genes within pTRH32, we generated TnS insertion
mutations. The sites of the TnJ5 insertions were estimated by
digesting small plasmid preparations with Haelll. The vec-
tor pBR322 and transposon Tn5 each contain several Haelll
sites (23), but the 6-kb insert contains only one Haelll site,
located near the HindIII site at 2 kb (Fig. 1). Insertion of Tn5
within the insert resulted, therefore, in the apparent appear-
ance of a new Haelll site. The locations of the TnS inser-
tions of interest were more precisely identified by digestion
with restriction enzymes Hpal, Xhol, and Sall, either singly
or in combination. The effect of the TnS insertions on the
expression of osp genes was determined by a solid-phase
radioimmunoassay, and the results were confirmed by West-
ern blot analysis.

Three classes of TnS mutants were observed (Fig. 2).
Class 1 insertions had no apparent effect on the expression of
either osp gene. All insertions within the leftmost 4 kb of the
insert fell into this category. Class 2 mutations affected ospB
expression specifically. These insertions were located to the
right of the class 1 Tn5 insertion at 4 kb and to the left of the
EcoRlI site at 5 kb. Class 3 insertions abolished expression of
both ospA and ospB. These insertions were to be found to
the right of the fragment that was subcloned into pTRH38
(Fig. 1). The polar effect of the insertions in this region was
evidence that ospA and ospB are expressed by a common
promoter.

Subcloning of individual osp genes. Restriction sites within
the transposon Tn5 were exploited to subclone the osp genes
individually. Insertion pTRH32 Tn5::52 was chosen as the
class 2 insertion nearest to ospA. Plasmid DNA from this
derivative was digested with Hpal and Sall, and a 1.6-kb
restriction fragment was ligated into Smal-Sall-digested
pUC9. The recombinant thus obtained was designated
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pTRH44 (Fig. 2). Plasmid pTRH43 was the analogous con-
struction in pUCS8. Insertion pTRH32 TnS5::46, located at the
4-kb point of the 6-kb insert in pTRH32, was chosen as the
class 1 insertion nearest to the ospB gene. The plasmid
containing this insertion was digested with Hpal and EcoRI,
and a 1.3-kb restriction fragment was isolated and purified.
This fragment was ligated into pUC8 previously digested
with EcoRI and Smal to produce pTRH45 (Fig. 2). The
analogous construction in pUC9 was prepared and desig-
nated pTRH46. Subclones pTRH43, pTRH44, pTRH45, and
pTRH46 were then examined for production of Osp proteins.
Cultures were grown in the presence or absence of IPTG,
and whole-cell ‘lysates were subjected to SDS-polyacryl-
amide gel electrophoresis and Western blot analysis. The
addition of IPTG had no effect on osp gene expression by
host cells except those that contained the plasmid pTRH45.
For this reason, cells were routinely grown in the absence of
IPTG except where specifically noted. The results of this
analysis are shown in Fig. 3; cells containing plasmids
pTRH32 (21) and pUC8 served as positive and negative
controls, respectjvely. E. coli strains harboring pTRH43 and
pTRH44 produced a 31K polypeptide which reacted with a
monoclonal antibody specific for OspA. The expression of
ospA by pTRH43 and pTRH44 was apparently mediated by
a Borrelia promoter within the cloned insert; gene expres-
sion was constitutive and independent of clone orientation
relative to the lac promoter.

Recombinant pTRH45 produced an abundant 34K poly-
peptide upon induction by IPTG. The production of OspB
was not observed when pTRH45 was grown in the absence
of IPTG. Recombinant pTRH46 did not produce detectable
OspB with or without lac induction. Thus, ospB expression
was under the control of the lac promoter. We also observed

1 2 3 4 5 6 kb
PTRH32 F——t—
// PHEPHH\ Sall
/7 \
/ \,
/ \
/7 \
/ \
/ \,
/ \
/ \,
/ AN
// AN
,/ 45 46 47 5052 55 56
Tns / ! ¢ \ + ¢ \_/ \
insertions i { . —r Y,
3 3.5 4 4.5 5.5 6
EP H H W
pTRH44 - Jac
Hpal/Smal B Sall
Haelll p H E emw
lac
pTRH45 Hpal/Smal

FIG. 2. (Upper) Tn5 insertions within pTRH32. O, Class 1
insertions, which did not effect expression of other ospA or ospB
genes: @, class 2 insertions, which abrogated expression of ospB; @,
class 3 insertions, which prevented expression of bath ospA and
ospB. Expression of ospA and ospB was determined by a radioim-
munoassay of cells containing mutagenized recombinants (see text).
(Lower) Use of specific Tn5 insertions to subclone osp genes.
Restriction maps of subclones pTRH44 and pTRH45 are shown.
——, Regions derived from the insert in pTRH32; R, sequences
derived from Tn5; [C1, sequences derived from pBR322. The
location of the lac promoter (lac) relative to the cloned sequences
and the direction of transcription from the lac promoter are noted.
Relevant restriction sites: B, BamHI; E, EcoRI; H, HindllI; P, Pstl.
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FIG. 3. (a) Polyacrylamide gel electrophoresis analysis of whole-cell lysates of recombinant clones. The arrowheads in lanes C, D, and F
indicate protein products of cloned genes. E. coli hosts carrying the following plasmids were examined. Lanes: A, pTRH32; B, pUC8; C,
pTRH43; D, pTRH44; E, pTRH45 (—IPTG): F, pTRH45 (+IPTG); G, pTRH46. The relative migration of molecular weight standards (in
thousands) is indicated. (b) Western blot analysis of the recombinant clones shown in panel a. Polypeptides were electrophoretically
transferred to nitrocellulose and reacted with a 1:10 dilution of hybridoma supernatant H5332 containing a monoclonal antibody specific for
OspA. Bound antibody was detected with '**I-labeled protein A. (c) Same as in panel b but with hybridoma supernatant H6831 containing a

monoclonal antibody specific for OspA.

in Coomassie blue-stained gels a polypeptide of approxi-
mately 17,000 molecular weight associated with the produc-
tion of OspB by pTRH45. This possibly represented a
breakdown product of OspB which did not react with an
OspB-specific monoclonal antibody.

These results are consistent with a model involving the
organization of ospA and ospB within a single operon.
Transcription apparently initiates to the right of ospA in
pTRH32 and proceeds through ospA to ospB. The transcrip-
tional effectors of osp gene expression likely originate within
the cloned Borrelia sequences. The location, orientation,
and direction of transcription of these genes within pTRH32
are inconsistent with a model specifying the origination of
transcriptions from pBR322 promoters (36).

Northern blot analysis. Having determined that ospA and
ospB genes contained within the plasmid pTRH32 are
cotranscribed from a common promoter, we next examined
whether this represented the organization of these genes
within the genome of B. burgdorferi. This was done by
Northern blot analysis of the total RNA extracted from
strain B31 cells. If ospA and ospB constitute a single
transcriptional unit in B. burgdorferi, then a single mRNA
transcript would be expected to hybridize with the DNA
probes specific for ospA or ospB. Gene-specific DNA probes
were prepared as follows. A DNA probe specific for ospA
was prepared by the digestion of pTRH44 with HindIlI and
by the isolation of the 0.5-kb HindIII-HindIIl fragment. A
DNA probe specific for ospB was obtained by the digestion
of pTRH45 with EcoRI and Haelll, followed by the isolation
of a 1.1-kb EcoRI-Haelll restriction fragment. The blots
were hybridized with the probes and washed under highly
stringent conditions. The results of Northern blot analysis of
B31 transcripts are shown in Fig. 4. Each nick-translated
probe hybridized to a single band of approximately 2.2 kb.
This mRNA transcript is of sufficient size to encode both
Osp proteins. In a demonstration of specificity, the probes
did not bind in Northern blots to any mRNA species
contained within the total RNA extracts of E. coli cells
bearing pUCS8 (data not shown).

DISCUSSION

We examined the organization of genes encoding the
major surface proteins, OspA and OspB, of B. burgdorferi
B31. Analyses of subclones, deletion derivatives, and TnS
insertion mutations of a recombinant plasmid localized the
osp genes to an approximate 2-kb region of the 6-kb Borrelia
DNA insert. Restriction sites within selected Tn5 insertions
facilitated separate subcloning of osp genes. Both osp genes
were transcribed in the same direction and were apparently
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FIG. 4. Northern blot analysis of mRNA from B. burgdorferi
B31. Total RNA from B. burgdorferi B31 was electrophoretically
separated under denaturing conditions and transferred to nylon
membranes. The blot was first hybridized with a radiolabeled DNA
probe specific for ospA (A). Bound probe was removed by incubat-
ing the blot in 80% formamide at 65°C. The blot was then incubated
with a radiolabeled DNA probe specific for ospB (B). The migration
of molecular weight ‘standards is indicated.
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expressed off a common promoter. The Northern blot anal-
ysis of total RNA extracted from B. burgdorferi B31 further
confirmed the validity of a model for gene expression involv-
ing a single operon containing both osp genes: a single
mRNA transcript hybridized with the individual DNA
probes specific for ospA or ospB.

The demonstrated closeness of ospA and ospB genes in B.
burgdorferi prompts comparison to the linkage of ompA and
ompF in E. coli (17). In contrast to the two Borrelia genes.
outer membrane protein genes ompA and ompF are not
cotranscribed; ompA is constitutively expressed, while the
expression of ompF is regulated (17). Spirochetes represent
a distinct phylum among the eubacteria (16, 29) and are
unique in the structure and composition of their membranes
(20, 24). Therefore. a more appropriate comparison may be
with another spirochete. Hansen et al. recently determined
the organization of two rmp genes. which encode 44- and
35-kilodalton membrane polypeptides of the pathogen Trepo-
nema pallidum (19). These investigators characterized a
recombinant plasmid expressing these proteins in E. coli and
found that tmpA and tmpB were organized. like the B.
burgdorferi ospA and ospB genes, within a single transcrip-
tional unit.

Variation in the expression of Osp proteins may play a
significant role in the pathogenesis of Lyme disease, partic-
ularly in the ability of the spirochete to evade the host
immune response. A closely related spirochete. Borrelia
hermsii, exhibits extensive antigenic variation in its major
surface proteins: this phenomenon is associated with DNA
rearrangements (7, 27). Elucidation of the mechanisms
which regulate the expression of the osp genes should enable
us to determine whether differential expression of these
genes may occur. Gene-specific DNA probes could be used
to isolate and characterize variant osp genes from other
strains of B. burgdorferi. Additionally. Northern blot analy-
sis of mMRNA from varied isolates will likely reveal hetero-
geneity in their associated osp gene transcripts.

The abundance, immunogenicity. and surface exposure of
the Osp proteins make them potential candidates for vaccine
studies. Such studies would be facilitated by obtaining
purified proteins for animal protection studies. One objective
of this study was to manipulate osp genes to promote
elevated expression of Osp proteins in E. coli. This was
accomplished for ospB. Inducible expression of ospB in
pTRH45 results in the production of sufficient OspB protein
to be clearly visible in Coomassie blue-stained polyacryl-
amide gels. This recombinant can now be used to purify
OspB in a background free of other Borrelia components. It
should also be possible to evaluate the potential efficacy of
immunoprophylaxis with OspB and whole recombinants or
cell fractions containing OspB. Inducible expression of ospA
can also be achieved now that the location and direction of
transcription of this gene have been determined.

We have found that the osp genes of B. burgdorferi B31
constitute a single transcriptional unit. The functional signif-
icance of this organization is not clear, but organization of
these genes within a single operon suggests that the osp gene
products function cooperatively. It may be advantageous for
the processing and export of these proteins to the outer
surface that these genes are cotranscribed. The containment
of these geres within a single operon may have resulted from
the generation of a second osp gene through tandem dupli-
cation of a prototypical osp gene. The two-dimensional
peptide maps of OspA and OspB proteins of strain B31 are
dissimilar (A. G. Barbour and O. Barrera, unpublished
data), and these proteins differ antigenically (5. 6. 8). This
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suggests that a duplication of a gene, if it occurred at all,
took place relatively early in the evolution of this Borrelia
species. Several isolates have been described which produce
OspA proteins with no demonstrable OspB proteins (6, 8).
This may indicate that the original osp gene was ospA-like
rather than ospB-like. Further characterization of the osp
genes from B31 and other strains of B. burgdorferi may
elucidate the functional significance of their gene organiza-
tion.
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