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10° cpm/ml '#*I goat Fab antibody to rabbit immu-
noglobulin G.

14. L. Chen et al., Proc. Natl. Acad Sci. U.S.A. 87,
4088 (1990). All pancreata were perfused with 4%
paraformaldehyde and 0.05% glutaraldehyde. Fro-
zen tissue sections were hybridized [D. M. Sim-
mons, J. L. Arizza, L. W. Swanson, J. Histotechnol.
12, 169 (1986)] with 5 x 106 dpm/ml of ¥*S-
labeled antisense GLUT-2 RNA in 50% formamide
at 55°C overnight. After ribonuclease treatment and
washing under stringent conditions, the slides were
dipped in Kodak NTB-3 emulsion and exposed in
the dark for 1 week. Density of GLUT-2 mRNA
hybridization was measured with the use of the spot
meter of a Nikon microscope photographic VFXIIA
system at constant light setting and ASA 100.
Reciprocals of reading exposure time of individual
islets in dark-field image were used to represent the
signal grain density after correcting for the back-
ground. Twenty randomly picked slets from each
group of rats were measured.

15. L. Orci, B. Thorens, M. Ravazzola, H. F. Lodish,
Science 245, 295 (1989).

16. The curve in Fig. 4A was linearized to obtain the
slope. The equation of the curve is y = 824.1 X
1070984 where y is plasma glucose and x is
percentage of GLUT-2—-positive B cells. In linear-
ized form, this is log,gy = 2.916 — 0.0084x.

17. We thank M. S. Brown, D. W. Foster, and K. L.
Luskey, for reading this manuscript, R. Risser, for
statistical analyses, T. Autrey for excellent secretarial
work and K. McCorkle for expert technical assist-
ance. Supported by NIH grant DK02700-30, Vet-
erans Administration Institutional Research Sup-
port grant 549-8000, Rescarch and Education
Foundation, Juvenile Diabetes Foundation grant
187417, Swiss National Science Foundation grant
31-26625,89, American Diabetes Association Re-
search and Education Foundation, American Heart
Association—Texas affiliate.

8 May 1990; accepted 14 August 1990

26 OCTOBER 1990

Involvement of the Silencer and UAS Binding Protein
RAP1 in Regulation of Telomere Length

ARTHUR J. LusTiG,* STEPHEN KURTZ, DAVID SHORE

The yeast protein RAP1, initially described as a transcriptional regulator, binds in
vitro to sequences found in a number of seemingly unrelated genomic loci. These
include the silencers at the transcriptionally repressed mating-type genes, the pro-
moters of many genes important for cell growth, and the poly[(cytosine);_; adenine]
[poly(C,_3A)] repeats of telomeres. Because RAP1 binds in vitro to the poly(C,_3A)
repeats of telomeres, it has been suggested that RAP1 may be involved in telomere
function in vivo. In order to test this hypothesis, the telomere tract lengths of yeast
strains that contained conditionally lethal (ts) rap1 mutations were analyzed. Several
rap1” alleles reduced telomere length in a temperature-dependent manner. In addition,
plasmids that contain small, synthetic telomeres with intact or mutant RAP1 binding
sites were tested for their ability to function as substrates for poly(C,_3A) addition in
vivo. Mutations in the RAP1 binding sites reduced the efficiency of the addition

reaction.

HE TELOMERES OF ALL EUKARYOTES

examined thus far consist of a gua-

nine-cytosine (GC)-rich sequence of
variable length [for example, poly(C;_3A) in
Saccharomyces cerevisiae] (1). The G-rich
strand appears to be added in a DNA tem-
plate—independent process that requires te-
lomerase, a ribonucleoprotein (2). In several
organisms, the sequences present at telo-
meres are organized into an altered chroma-
tin structure that is resistant to degradation
by micrococcal nuclease (3, 4). In yeast and
ciliates, nonhistone proteins that bind telo-
mere sequences have been identified (4, 5).
The interaction of these proteins with telo-
meric DNA is likely to be important for the
control of telomere replication, association,
and higher order structure (1).

In S. cerevisiae, the predominant telo-
mere-binding protein is RAP1 (also known
as TBA, GRF1, and TUF1) (5-7). Telo-
meric binding sites for RAP1 [ACACCCA-
CACACC] are found at an average den-
sity of one site per 40 bp of telomeric
poly(Ci3A) (8, 9). The gene encoding
RAP] has been cloned and is essential for
viability (7).

To investigate whether RAP1 affects telo-
mere structure in vivo, we analyzed chromo-
somal telomere lengths in four independent
rap1” mutants. Each mutant allele was a
unique recessive missense mutation and dis-
played a distinct pattern of growth. Strains
that contained the rap1-2 or rap1-5 alleles
grew at or near wild-type rates under per-
missive conditions (23°C) and required at
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least 16 hours of incubation at the restrictive
temperature (37°C) to inhibit growth.
Strains that carried either the rap1-1 or rap1-
4 alleles grew poorly at 23°C and rapidly
arrested growth when shifted to 37°C.

The effect of the rap1™ mutations on the
size of telomeric poly(C,_3A) tracts was
analyzed by culturing each mutant strain at
permissive or semipermissive temperatures
for approximately 100 generations. The se-
mipermissive temperature was defined as the
temperature at which a significant decrease
in growth rate occurred. Under these condi-
tions, cells were partially deficient in RAP1
activity. The tract length of the predominant
class of telomeres (the XY’ class, see Fig.
1A) was measured by hybridizing Southern
(DNA) blots of Xho I-digested genomic
DNA with *?P-labeled poly[d(GT)]-poly-
[d(CA)], which identified the telomeric po-
ly(Ci_3A) sequences and internal poly(CA)
tracts (Fig. 1A).

At the permissive temperature (23°C),
telomeres showed only minimal alterations
in tract length (Fig. 1B). However, at semi-
permissive temperatures (30° to 31.5°C),
telomere tract size was gradually reduced in
rap1* cells during ~100 generations of cul-
turing (300 to 125 bp, Fig. 1C). Progressive
loss of sequences, observed in both rap1-2
mutant haploids and homozygous diploids,
was recessive; diploids that were heterozy-
gous for the rap1-2 mutation had wild-type
tract lengths (10). Strains containing either
the rap1-4 or the rap1-1 allele showed a
moderate loss of telomeric sequences (~130
and ~88 bp, respectively) when cultured at
23°C (10). No significant changes in telo-
mere sizes were observed in isogenic wild-
type strains at any of the temperatures used
in this study (Fig. 1, B and C).

The loss of terminal tracts observed in
rap1-2 mutants was fully reversible. When
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cells that were subcultured four times at
31.5°C were returned to the permissive tem-
perature, wild-type telomere tract size was
regained after several rounds of subculturing
(Fig. 2). These data indicate that no perma-
nent change in telomere structure occurred
during the subculturing procedure.

Strains that contained the rap1-5 allele
displayed a more complex phenotype (Fig.
3). At 23°C, both the average size of telo-
mere tracts and the degree of tract size
heterogeneity were increased relative to
wild-type telomeres. However, at 31.5°C
the average tract length decreased during
subculturing and reached a new tract length
that was 50 to 100 bp shorter than the tract
length in wild-type cells.

It is unlikely that the observed changes in
tract lengths resulted from a decrease in
growth rate in the ts mutants. First, growth
of wild-type cells in nutrient-limiting condi-
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tions reduced growth rate, but did not affect
telomere length. Second, the allele specific-
ity we observed argues against a nonspecific
cause for telomere tract loss. For example,
rap1-1 mutants had a growth rate at 23°C
that was comparable to the growth rate of
rap1-2 mutants at 31.5°C, yet telomere tract
loss in the rap1-1 strain was much less
extensive than that observed for rap1-2. Fi-
nally, rap1-5 mutants had elongated telo-
meres at the permissive temperature, at
which the growth rate of these mutant cells
was minimally impaired. These observations
suggest that RAP1 affects telomere structure
in a complex fashion.

The changes in telomeric length observed
in the rap! mutants also occurred in the X
class of telomeres (Fig. 1A). In contrast, no
changes in the sizes of fragments of nontelo-
meric poly(CA) tracts were observed. It is
therefore unlikely that the changes in telo-
mere length resulted from rearrangement of
Y’ sequences. Telomere lengths in all of the
rap 1 mutants stabilized at new tract sizes and
did not change continuously. It is not clear

Cc
wt rap1-2a 1-2a
s:4012345|01234l01rap234|

R
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Fig. 1. rap1™ mutants alter telomere length. (A) The organization of sequences at the yeast telomere.
The telomere (T, bars) consists of poly(C;_3A) sequences oriented 5’ to 3’ toward the centromere
(Cen). Most chromosomes have two subtelomeric repeated sequences. Y’ (light screen) and X (dark
screen). The Y’ element contains an Xho I endonuclease site ~1.3 kb from the end of the telomere.
Southern analysis of Xho I—digested chromosomal DNA with the probe poly-
[d(GT)]-poly[d(CA)] reveals a ~1.3-kb signal, which represents the telomere class containing both X
and Y’ elements (XY’ class telomeres; large arrows in Figs. 1 to 3), as well as internal sequences (24).
Chromosomes lacking the Y’ element (X class telomeres) display a different pattern of hybridization
after Xho I digestion (small arrows in Figs. 1 to 3). The lengths of the telomeric tract are deduced from
the center of distribution of the telomeric XY’ Xho I fragments as described (11, 17). (B and C)
Southern blots of Xho I-digested DNA isolated from both wild-type (wt) and rap1-2 mutant strains
were probed with poly[d(GT)]-poly[d(CA)]. For these experiments, DNA was isolated after each of
four to five subsequent subculturings on solid media at either 23°C (B) or 31.5°C (C), as described
(11). Each round of subculturing represented ~25 generations of growth. Lane designations: S,
number of rounds of subculturing; 0, initial culture; 1 to 4 and 1 to 5, four and five subculturings,
respectively. Size markers (A genomic DNA digested with Eco RI and Hind III) are shown at the right.
At 23°C, only a small amount of tract loss (~60 to 80 bp) from the wild-type tract size of 280 bp was
observed in mutant cells. The apparent difference in tract length between the MA Ta (loss of ~150 bp)
and MATa (loss of ~200 bp) derivatives of the rap1-2 strain at 31.5°C was eliminated upon further
subculturing. The rap1* mutations were derived as described (25).
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Fig. 2. Southern (DNA) blot analysis of wild-
type (wt) and rap1-2 mutant strains after a shift
from 31.5° to 23°C. Wild-type cells and both
MATa and MA T derivatives of the rap1-2 strain
were subcultured four times at the semipermissive
temperature (31.5°C), after which the culture was
returned to the fully permissive temperature
(23°C) for four more rounds of subculturing.
DNA was then analyzed as described in the
legend to Fig. 1. Lane designations indicate sub-
culturings (defined in the legend to Fig. 1) at
31.5°C (s: 0 to 4a) and then at 23°C (s: 4b to 7).
Lanes marked 4a and 4b denote growth for less
than a full round of subculturing. The line draw-
ing below the blot indicates the point at which the
temperature was shifted and corresponds to the
samples on the gel. The wild-type DNA (the S8
designation) was derived from the last of four
subculturings at 23°C. Size standards and arrows
are as described in the legend to Fig. 1.

whether this effect is the consequence of a
new steady state between activities that add
and delete terminal tract sequences (11) or
the accumulation of suppressors of the telo-
mere phenotype. RAP1 is not allelic to any
previously identified mutations that affect
telomere structure in yeast (11, 12). Of all
the mutations known to affect telomere tract
length, the ts mutations in RAP1 described
herein are the first such mutations in a gene
whose product is known to bind telomere
sequences in Vitro.

The phenotype of the rap1” mutants and
the occurrence of RAP1 binding sites in the
poly(C,_3A) repeats of telomeres suggest
that RAP1 binds at telomeres in vivo and
affects their function. We tested this idea
further by constructing several artificial telo-
meres that contained either wild-type RAP1
binding sites or mutated sites impaired in
their ability to bind RAP1. These artificial
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telomeres were linked to the termini of a
replicating plasmid and transformed into
yeast (Fig. 4B). The structure of plasmids
recovered from transformants was compared
with the structure of the initial transforming
plasmid (Fig. 4A). During transformation,
plasmids may be modified (healed) by the
addition of poly(C;_3A) sequences onto te-
lomere-like substrates, thereby allowing
their propagation as linear molecules (9,
13). This assay has been used to show that
telomeres from ciliates and humans function
as substrates for poly(C,;_3A) addition (14).
Thus, this telomere healing assay serves as a
model for chromosomal telomere addition,
although it may reflect the outcome of a
number of processes that involve telomeres
in vivo.

Artificial telomeres were constructed and
tested for RAP1 binding in a gel mobility
shift assay (Figs. 4 and 5A). The wild-type
telomere (AT1) was a 41-bp sequence de-
signed on the basis of the yeast telomere

wt colA P15 g
S:10lo 1 2 3 4a alo 1 2 aqaahlkb

23°C

Fig. 4. (A) Construction of artificial telo-
meres (26). Plasmids that contained the
structures shown were termed pHAT.
These vectors contained YRp17 flanked by
the artifical telomeres. (B) The sequences
of the telomeres used in this study and the
telomeric binding site for RAP1. The CA-
rich strand, oriented 5’ to 3’, is shown. In
each case, 41 bp of telomeric sequence are
adjacent to 12 nucleotides of additional
sequence. The underlines and the overline
indicate the perfect matches and the over-
lapping 12/13 match, respectively, to the
consensus RAP1 binding site that are pre-
sent in AT1 and mutant telomeres. The 2
number of perfect and 12/13 matches to
the consensus sequence present in each
telomere is shown on the left. Mutations
are indicated in lowercase letters. Telo-

13/13

0

0

meres of the pHAT plasmids were se- °
quenced directly and, with two exceptions,
were as expected (27). 2
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consensus  sequence  poly[Co_3A(CA);_3]
(15) and contained two perfect matches to
the telomeric form of the RAP1 binding site
(ACACCCACACACC) as well as a third
overlapping 12/13 nucleotide match (Fig.
4B). RAP1 bound efficiently to this artificial
telomere and, as expected from the size of
the RAP1 footprint (7, 16), apparently oc-
cupied the two nonoverlapping sites (Fig.
5A). Two mutant telomeres, AT5 and
AT12, contained changes in the central re-
gions of all three potential RAP1 binding
sites and bound RAP1 poorly (ATS5) or not
at all (AT12). Another telomere, AT13,
contained only a single RAP1 binding site,
which had a 12/13 nucleotide match to the
binding site consensus sequence. AT13 had
a reduced binding affinity relative to AT1
and to other probes that contained high-
affinity RAP1 binding sites (10). Neither
AT5, AT12, nor AT13 effectively compete
with AT1 for the binding of RAP1 (Fig.
5B). In contrast, the telomere AT16, which

rap1-5 Fig. 3. Southern analysis of the
rap1-5 strain after four subcul-
turings at 23°C (left panel, S: 0
to 4) or three subculturings at
31.5°C (right panel, S: 0 to 3)
(see the legend to Fig. 1). DNA
was isolated and characterized
as described in the legend to
Fig. 1. For the 23°C subcultur-
ing, two colonies (colA and
colB), independently derived
from single cells, were exam-
ined. For the 31.5°C subcultur-
ing, only the results from colo-
ny B are shown. In the left
panel, the lanes marked 4a and
4b refer to two colonies taken
from the fourth subculturing
plate. A wild-type (wt) control
1s shown in the left panel. Size
standards and arrows are as in
Fig. 1.
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Consensus:

1213

AT1
1 CCCACACACCCACACACCCACACACACCCACACACCACACATGACGCGT

ATS
0 CCCACACcaCCACACcaCCACACACcaCCACACACCACACATGACGCGT

AT12

0 CCCACACACaCACACACaCACAC/TACACaCACACACCACACATGACGCGT
AT13

1 CCCACACACaCACACACCCACACACACaCACACACCACACATGACGCGT

AT16 -
1 CCaACACACCCACACACCCA2ACACACCCACACACCAaACATGACGCGT

contained three nucleotide changes in posi-
tions not expected to affect RAP1 binding,
bound efficiently to RAP1.

After transformation with Bam HI-lin-
earized AT1 plasmids, most transformants
contained linear plasmids that had under-
gone poly(C;_3A) addition (transformants
that contained healed linears, HLt) onto
both artificial telomeres (92% HLr) (Table
1). These plasmids had telomeric tract sizes
comparable in length to chromosomal telo-
meres (360 = 180 bp) (10, 17). Linear
recombinant and circular recombinant plas-
mids were recovered in the small number of
the transformants that lacked HL forms (5
and 2%, respectively).

In contrast, after transformation with
Bam HI-linearized AT5, AT12, or AT13
plasmids, a reduced percentage of recovered
transformants that contained HL forms was
observed (17.5, 31.5, and 22.5%, respec-
tively) (Table 1). Unlike the case of AT1,
the plasmids recovered from AT5, AT12,
and AT13 transformants were predominant-
ly recombinant forms. Transformants with
AT12 also showed an increased frequency of
linear plasmid species that contained a long-
er tract (>650 bp) on one or both arms of
the plasmid (aberrant linear) (Table 1). Al-
though the magnitude of this increased fre-
quency varied among experiments, the addi-
tion of large terminal tracts is only rarely
observed in wild-type AT1 telomeres (1 out
of 212 analyzed). This effect probably re-
sulted from a greater than normal amount of
poly(Ci_3A) added in the initial events after
transformation. For AT16, which bound
efficiently to RAP1 in vitro, a high percent-
age of normal plasmid healing was observed
(84% HLr forms) (Table 1).

These data suggest that strong RAP1
binding sites (AT1 and AT16) are impor-
tant for the efficiency and fidelity of plasmid
healing and further support the idea that
RAP1 acts in a direct manner to affect
telomere structure. Reduction in RAP1
binding affinity roughly correlated with re-
duced plasmid healing. However, we did
not observe a strict correlation between the
affinity of binding and the degree of plasmid
healing and it is conceivable that these muta-
tions also affected other aspects of telo-
mere healing. Mutations in the RAP1 bind-
ing sites may affect the efficiency of telomere
addition or may increase recombination or
degradation. We do not yet know whether
the decrease in healing efficiency observed
with mutated RAP1 binding sites is due to
loss of RAP1 binding in vivo.

On the basis of the genetic experiments
described above, we suggest that RAP1 has
a direct effect on regulating telomere lengh
in vivo. Recent evidence demonstrating that
intragenic suppressors of rap1-5 lethality
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contain telomeres up to 4 kb longer than
those of wild-type cells is consistent with
this hypothesis (18). How can a transcrip-
tional regulatory protein also function in
maintaining telomere structure? One expla-

nation for the apparent multifunctional na-
wre of RAP] is its participation in the
formation of altered chromatin structure.
Consistent with this proposal is the presence
of a unique region of yeast telomeric chro-
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Fig. 5. Gel mobility shift assays performed with wild-type and mutant RAP1 binding sites (28). (A)
Lane designations indicate the absence (—) or presence (+) of yeast extract in the binding reactions.
The complexes formed were as follows: I, RAP1 bound at one site on the oligonucleotide; and II,
RAP1 bound at two of the available sites on the oligonucleotide. FP indicates the free probe. Minor
complexes that migrated faster than I were degradation products of RAP1 protein that
retained DNA binding activity. (B) Gel mobility shift assay with 32P-labeled AT1 and
plasmid itor DNA that contained cach telomere oligonucleotide. Competitor DNA was present
at 0, 100, 400, and 800 ng per reaction. Molar ratios of competitor to probe DNA are indicated above
cach lane. : '

Table 1. Products of transformations with artificial telomeres. The pooled results of all experiments in
which identical amounts of Bam HI-digested artificial telomere plasmids (pHAT1, 5, 12, 13, or 16)
were transformed into a ura3 derivative of the strain A364A (29) by use of the spheroplast method (30).
DNA levels varied from 0.26 to 0.41 ug in different iments. A minimum of two transformations
was done for each plasmid with both circular plasmids and Bam HI-digested pHAT] included as
controls. Calf thymus DNA (10 pg) was added as carricr in all transformations. The data are

as percentages of plasmids having the following structures: healed linear, which are formed by the
addition of poly(C;.3A) to both plasmid termini; healed linear + recombinants, which are healed
plasmids in the presence of additional recombinant forms; aberrant linears, which are healed lincars
with longer tracts (at least 300 bp greater than wild-type lengths) on one or both arms of the plasmid,
linear recombinants, which consist of linear inverted dimers as well as more complex forms, and appear
to arise from poly(C,.3A) addition at one of the two ends and ligation or recombination at the other;
and circular/complex recombinants, which consist primarily of recircularizations of the linearized
plasmid, circular inverted dimers, and multimeric circular forms, as well as some structures that could
not be determined due to their complexity or low abundance. Integration events were identified by a
high level of mitotic stability not exhibited by extrachromosomal ids. Percentage of HLy refers to
transformants containing healed linears of normal structure and is the sum of the first two columns of
the table. The number of trials for each construct and the cumulative sample size, respectively, are
indicated in the theses below each telomere. A second trial for AT16, not shown here, was
performed in a different strain with essentially identical results. Plasmid (31) and statistical analyses (32)
were as described. ’

Transformation products (%) by class
Telomere "
. Healed . Circular/
(trials; Healed linear Aberrant Do complex Inte-
events) linear + recom- linear recom- recom- gration HLr
binants binants  pianes SV

AT1 74.0 18.0 0.5 5.0 2.0 0.5 92.0
(5;212)

AT5 13.0 45 0.0 24.0 57.5 1.0 17.5
(3;109)

AT12 225 9.5 10.5 285 27.0 2.0 31.5
(3;106)

AT13 19.5 3.0 15 325 42.0 15 225
(2;71)

AT16 66.0 18.0 0.0 7.0 9.0 0.0 84.0
(1;44)
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matin, which is resistant to micrococcal nu-
clease digestion (3). Similarly, chromatin at
the silent mating-type loci is more resistant
to nuclease digestion than that at the ex-
pressed MAT locus (19). Furthermore, si-
lencing requires the highly conserved NH,-
terminus of histone H4, again suggesting a
role for modified chromatin structure in this
process (20). The silent loci are refractory to
cutting by the HO endonuclease, switching
of the mating-type information, and tran-
scription (21). These observations, together
with the recent finding that normally consti-
tutive genes become repressed when located
near telomeric sequences (22), suggest that
RAP] may be involved in converting the
silent mating-type loci and telomeres into a
protected, heterochromatic state.

Another clue to the mechanism of RAP1
action comes from the observation that the
protein fractionates with the nuclear scaffold
(23). RAP1 may function by sequestering
telomeres to particular regions of the nucle-
us cither to facilitate the binding of telomere
replication enzymes or to protect the telo-
mere from degradation and recombination.
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Protection of Mice Against the Lyme Disease
Agent by Immunizing with Recombinant OspA

Erovr FikriG, STEPHEN W. BARTHOLD, FRED S. KANTOR,

RicHARD A. FLAVELL

Lyme borreliosis is a tick-borne illness caused by Borrelia burgdorferi. The gene for
outer surface protein A (OspA) from B. burgdorferi strain N40 was cloned into an
expression vector and expressed in Escherichia coli. C3H/He]J mice actively immunized
with live transformed E. coli or purified recombinant OspA protein produced
antibodies to OspA and were protected from challenge with several strains of B.
burgdorferi. Recombinant OspA is a candidate for a vaccine for Lyme borreliosis.

YME DISEASE IS A MULTISYSTEM SPI-
rochetal illness characterized by
rheumatologic, neurologic, cardiac,
and dermatologic manifestations. The caus-
ative agent, Borrelia burgdorferi, is transmitted
to humans mostly by Ixodes ticks (7). The
host immune response to B. burgdorferi is
incompletely understood; however, humor-
al immunity is important in protecting ani-
mals from infection. Passive immunization
of hamsters with antiserum to B. burgdorferi
prevents infection from intraperitoneal chal-
lenge with B. burgdorferi (2). The protection
is partially strain-specific, however, because
antiserum to B. burgdorferi strains from dif-
ferent geographic locations does not show
full cross protection (3). Active immuniza-
tion of hamsters with whole inactivated B.
burgdorferi strain 297 prevents subsequent
infection with B. burgdorferi strain 297 (4).
The hamster model, however, is limited for
the study of Lyme borreliosis because the
animals do not develop clinical manifesta-
tions of Lyme disease.
A model of Lyme borreliosis has been
developed in immunocompetent mice that
resembles some of the clinical manifestations
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of Lyme disease in humans (5). A strain of
B. burgdorferi, designated N40, was isolated
from Westchester County, New York;
C3H/He mice infected with B. burgdorferi
N40 develop spirochetemia 5 days after
challenge and peak arthritis and carditis 14
days after infection. This model is useful for
active immunization experiments with B.
burgdorferi in contrast to the model of Lyme
borreliosis in severe combined immunodefi-
ciency mice (6).

We first verified that passive immuniza-
tion is protective in the C3H/He mouse
model. Mice were passively immunized with
antiserum to B. burgdorferi N40 from mouse
or rabbit and then challenged with B. burg-
dorferi N40 (7). Control groups were immu-
nized with normal mouse or rabbit serum.
After 5 or 14 days cultures of the blood and
spleen were incubated for 2 weeks in Bar-
bour-Stoenner-Kelly (BSK) medium (8). As
expected from results in the hamster model,
passive immunity was protective. Further-
more, the protective effect of rabbit serum
was maintained at a dilution of 1:500.
Protection extended to B. burgdorferi strain
B31 and the clinical manifestations of dis-
ease at 14 days was prevented (Table 1).

The antigens responsible for cliciting the
production of protective antibodies are not
known; however, several outer surface pro-
teins on B. burgdorferi are candidates. The
outer membrane of B. burgdorferi is coated
with a 31-kD protein known as outer sur-
face protein A (OspA) (9), and a 34-kD
protein named outer protein B (OspB) (10).

REPORTS 553





