
formed as previously descr~bed (J), except that 
pancreata from obese Zucker females and Zucker 
dlabetic f a m  males were subjected to a second 16- 
min collagenase d~gestion uslng half strength 
(0.25%) collagenase before Ficoll purification of 
islets. T h ~ s  was necessan because of the Increase in 
fibrous tissue in b t h  groups. The uptake of 3 ~ 0 -  
methyl-p-1,-glucose and I -glucose was measured as 
previously described (5 )  

13. Anti-GLUT-2 antibody # lo92 was ralsed against 
COOH-terminal hexadecapeptide RKATI'QME- 
FLGSSETV predicted from the DNA sequence of 
GLLT-2 (10) and synthesized by S. Stradley and L. 
Gierasch, University ofTexas Southwestern Medical 
Center. The peptlde was coupled t o  purified protein 
derivative (PPD) by the method of Lachmann et a l .  
[P. J. Lachmann, L. Strangeways, A. Vyakamam. G .  
Evan, In Synthetic Peptldes ns i l n t k e n s .  R.  Porter and 
J .  Whelm. Eds. (Ciba Foundation Symposium, 
1986). \.ol. 119. pp. 25-57] and was injected with 
Freund's complete adjuvant subcutaneously into 
New Zealand white rabblts. Rabbits were boosted 
at'ter 6 weeks with PPD-coupled peptide suspended 
in Fruend's incomplete adjuvant. Crude islet mem- 
brane preparations were made by homogenizing 
whole islets suspended in 50  mM Hepes, pH  7.4, 
250 mM sucrose, 1 mM EDTA, and 1 mM trasylol 
with 20 strokes of a Teflon-glass Potter-Elvehjem 
homogenizer (14). After centrifugation at 25,0002 
for 20 mln at 4"C, the sediment was resuspended 
in homogenizing buffer, layered over 40% sucrose, 
and centrifuged at 150,000y for 2 hours at 4°C 
In an SW 41 rotor. After harvesting the crude 
membranes from the 40% sucrose-overlay interface 
the membranes were resedmented and solubilized 
in the appropriate amount of digestion buffer 
for SD.Spolyacr).lamide gel electrophoresis [U. K. 
I.aemmli, 'Vature 227. 680 (1970)l .  Following elec- 
trophoresis and elenrotransfer to nitrocellulose fil- 
ters (BIo-Rad), the filters were blocked wlth 10  
mM trls, p H  7.4, 0.15 mM NaCI, 10 mM EGTA, 
0.1% Tween 20, and 5% bovine serum albumin 
(RSA). The filters were incubated at room tempera- 
nlre for 2 hours in the above buffer contalnlng 0.5% 
RSA and a 5 x lo4 dilut~on of rabbit antlbody 
against rat GLUT-2, washed and developed with 
lo6 c p d m l  12'1 goat Fab antibody to rabbit imnu-  
noglobulin G. 

14. L. Chen et a / . ,  IJroc. .Vat/. Acnd Sci U . S .  A 87, 
4088 (1990). id pancreata were perfused wlth 4% 
parafom~aldehyde and 0.05% glutaraldehyde. Fro- 
zen tissue sections were hybridized [D. M. Sinl- 
mons, J. L. h izza ,  L. W. Swanson, J. H~stotechiiol .  
12, 169 (1986)l with 5 x 10' d p d m l  of "S- 
labeled antisense GLLT-2 RNA in 50% formmmide 
at 55°C overnight. After r~bonuclease treaunent and 
washing under stringent conditions, the slides were 
dipped in Kodak STB-3  emulsion and exposed in 
the dark for 1 week. Density of G L U T ~ 2  mRNA 
hybridlzat~on was measured wlth 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 gram density after correcting for the back- 
ground. T w e n ~  randondy p~cked Islets from each 
group of rats were measured. 
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Involvement of the Silencer and UAS Binding Protein 
RAP1 in Regulation of Telomere Length 

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[(~ytosine)~-~ adenine] 
[poIy(C1-A)] repeats of telomeres. Because RAP1 binds in vitro to the poly(CI-A) 
repeats of telomeres, it has been suggested that RAPl may be involved in telomere 
hnction 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 
rapltS alleles reduced telomere length in a temperature-dependent manner. In addition, 
plasmids that contain small, synthetic telomeres with intact or mutant RAPl binding 
sites were tested for their ability to function as substrates for poly(C1-A) addition in 
vivo. Mutations in the RAPl binding sites reduced the efficiency of the addition 
reaction. 

T H E  TELOMERES OF ALL EUKARYOTES 

examined thus far consist of a gua- 
nine-cytosine (GC)-rlch sequence of 

variable length [for example, p ~ l y ( C ~ - ~ A )  in 
Surrhovnivryces ccrrvlslue] (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 veast and 
ciliates, nonhistone proteins &at 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. crvrvisiar, the predominant telo- 
mere-binding protein is RAPl  (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(C1-3A) (8, 9) .  The gene encoding 
RAPl has been cloned and is essential for 
viability (7). 

T o  investigate whether RAPl  affects telo- 
mere structure in vivo. we analvurd chromo- 
so~nal telo~nere lengths in fou; independent 
vupl" mutants. Each mutant allele was a 
unique recessive ~nissense mutation and dis- 
played a distinct pattern of growth. Strains 
that contained the vapl-2 or vapl-5 alleles 
grew at or near wild-type rates under per- 
missive conditions (23°C) and required at 

*To \\,horn correspondence should be addressed 

least 1 6  hours of incubation at the restrictive 
temperature (37°C) to  inhibit growth. 
Strains that carried either the rap 1 - 1 o r  vup 1-  
4 alleles grew poorly at 23°C and rapidly 
arrested growth when shifted to  37°C. 

The effect of the rupl"' mutations on the 
size of telomeric p ~ l y ( C ~ - ~ A )  tracts was 
analyzed by culturing each mutant strain at 
permissive or semipermissive temperatures 
for approximately 100 generations. The se- 
miperhissive temperature was defined as the 
temperature at which a significant decrease 
in growth rate occurred. Under these condi- 
tions, cells were partially deficient in RAPl 
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 32P-labeled poly[d(GT)].poly- 
[d(CA)], which identified the telomeric po- 
ly(C1-3A) sequences and internal poly(CA) 
tracts (Fig. 1A). 

At d ~ e  permissive temperature (23"C), 
telomeres showed only minimal alterations 
in tract length (Fig. 1 8 ) .  However, at semi- 
permissive temperatures (30" to  3 1 .S0C), 
telomere tract size was gradually reduced in 
rupl'+eIls during -100 generations of cul- 
turing (300 to 125 bp, Fig. 1C).  Progressive 
loss of sequences, observed in both vopl-2 
mutant haploids and homozygous diploids, 
was recessive; diploids that were heterozv- 
gous for the vupl-2 mutation had wild-type 
tract lengths (10). Strains containing either 
the vapl-4 or the ropl- 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 
rap 1-2 mutants was fully reversible. When 
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cells that were subcultured four times at 
3 1.5"C were returned t o  the permissive tem- 
perature, wild-type telomere tract size was 
regained after several rounds of  subculturing 
(Fig. 2). These data indicate that n o  perma- 
nent change in telomere structure occurred 
during the subculturing procedure. 

Strains that contained the r a p l - 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, a t  31.5"C 
the average tract length decreased during 
subculturing and reached a new tract length 
that was 50  t o  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- 

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, 
rapl-1 mutants had a growth rate at 23°C 
that was comparable to  the growth rate of  
rapl-2 mutants at 31.5"C, vet telomere tract 
loss in the rapl-1 strain was much less 
extensive than that observed for rapl-2.  Fi- 
nally, rap l -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 RAPl  affects telomere structure 
in a complex fashion. 

The changes in telomeric length observed 
in the rapl mutants also occurred in the X 
class of telomeres (Fig. 1A). In contrast, n o  
changes in the sizes of  fragments of  nontelo- 
meric poly(CA) tracts were observed. I t  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 

Fig. 2. Southern (DNA) blot analysis of wild- 
type (wt) and rapl-2 mutant strains after a shift 
from 31.5" to 23°C. Wild-type cells and both 
M A  Ta and M A  Ta derivatives of the rap 1-2 strain 
were subcultured four times at the semipermissive 
temperature (31.S°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- 
culturing~ (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 indcates 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 steadv state between activities that add 
and delete terminal tract sequences ( 1  1) or  
the accumulation of suppressors of the telo- 
mere phenotype. R A P l  is not allelic to  any 
previously identified mutations that affect 
telomere structure in yeast ( 1 1 ,  12) .  O f  all 

31.5OC 
Fig. 1. raplrs mutants alter telomere length. (A) The organization of sequences at the yeast telomere. 
The telomere (T, bars) consists of poly(CI-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 t!!e 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 (1 1, 17). (B and C) 
Southern blots of Xho I-digested DNA isolated from both wild-type (wt) and rapl-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 111) 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 M A  Ta (loss of - 150 bp) 
and MA Ta (loss of -200 bp) derivatives of the rap 1-2 strain at 31.5"C was eliminated upon further 
subculturing. The rapl'" mutations were derived as described (25). 

the mutations known t b  affect telomere tract 
length, the ts mutations in R A P l  described 
herein are the first such mutations in a gene ., 
whose product is known t o  bind telomere 
sequences in vitro. 

The phenotype of  the rapl'" mutants and 
the occurrence of  RAPl  binding sites in the 
p ~ l y ( C , _ ~ A )  repeats of  telomeres suggest 
that RAPl  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 RAPl  
binding sites o r  mutated sites impaired in 
their ability t o  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 p ~ l y ( C ~ - ~ A )  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 p o l ~ ( C ~ - ~ A )  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 RAPl 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 

Fig. 4. (A) Construction of artificial telo- 
meres (26). Plasmids that contained the 
structures shown were termed pHAT. 
These vectors contained YRpl7 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 
number of perfect and 12/13 matches to 
the consensus seauence wesent in each 

consensus sequence poly[C,-d(CA) 1-31 

(15) and contained two perfect matches to 
the telomeric form of the RAPl binding site 
(ACACCCACACACC) as well as a third 
overlapping 12/13 nucleotide match (Fig. 
4B). RAPl bound efficiently to this artificial 
telomere and, as expected from the size of 
the RAPl 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 RAPl binding 
sites and bound RAPl poorly (AT5) or not 
at all (AT12). Another telomere, AT13, 
contained only a single RAPl 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- 
a h i t y  RAPl binding sites (10). Neither 
AT5, AT12, nor AT13 effectively compete 
with AT1 for the binding of RAPl (Fig. 
5B). In contrast, the telomere AT16, which 

Fig. 3. Southern analysis of the 
rapt-5 strain after four subcul- 
turing~ at 23°C (left panel, S: 0 
to 4) or three subculturings at 
31.S°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 
is shown in the left panel. Size 
standards and arrows are as in 
Fig. 1. 

B 
RAP1 mnscnrur: IAIG)lAIClACCCANNCA(TIC)lTIC) 
Tcbmcrie RAP1 site. A C ACCCACACA C C 

A T 1 2  telOmere is shown' On thh left. 0 0 CCCACACACaCACACACaCACAClTACACaCACACACCACACATGACGCGT 
are indicated in lowercase letters. Telo- 

AT13 
meres of the pHAT plasmids were se- o 1 C C C A C A C ~ C , C ~ C ~ C A C C C A C A C A C A C ~ C ~ C ~ C ~ C C ~ C ~ C ~ ~ G ~ C ~ C ~ ~  

quenced directly and, with two exceptions, 
AT16 

were as expected (27). 2 1 CCnAC*CACCCACArACTCAaAC-IACATGACGCGT 

contained three nucleotide changes in posi- 
tions not expected to affect RAPl binding, 
bound efficiently to RAP 1. 

After transformation with Barn HI-lin- 
earized AT1 plasmids, most transformants 
contained linear plasmids that had under- 
gone poly(C1-4) addition (transformants 
that contained healed linears, H b )  onto 
both amficial telomeres (92% H k )  (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 H L  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 H L  forms was 
observed (17.5, 31.5, and 22.5%, respec- 
tively) (Table 1). Unlike the case of ATl, 
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 RAPl in vitro, a high percent- 
age of normal plasmid healing was observed 
(84% H b  forms) (Table 1). 

These data suggest that strong RAPl 
binding sites (AT1 and AT16) are impor- 
tant for the efficiency and fidelity of plasmid 
healing and further support the idea that 
RAPl acts in a direct manner to affect 
telomere structure. Reduction in RAPl 
binding affinity roughly correlated with re- 
duced plasmid healing. However, we did 
not observe a smct 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 RAPl 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 RAPl binding sites is due to 
loss of RAPl binding in vivo. 

On the basis of the genetic experiments 
described above, we suggest that RAPl has 
a direct effect on regulating telomere len 
in vivo. Recent evidence demonstrating 
intragenic suppressors of rap 1-5 lethality 
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contain telomms up to 4 kb longer than nation for the apparent multZimctiona1 na- 
those of wild-type cells is consistent with ture of RAP1 is its participation in the 
this hypothesis (18). How can a transcrip- formation of altered chromatin saucturr. 
tiond regulatory protein also function in Consistent with this proposal is the F a  
mainmining telomae structure? One -la- of a unique region of yeast telomeric duo- 

Rg. 5. Gtl mobility shift assays pafiDnncd with wild-type and mutant RAP1 binding sites (28). (A) 
Lane designations indicate the absence (-) or pmence (+) of yeast extract in the b d q  reactions. 
The complaes fwmcd were as follows: I, RAPl bound at one site on thc oligonucleotide; and 11, 
RAPl bound at two ofthe available sitcs on the o l i g o n e .  FP indicates the fiec p b c .  Minor 
complaes that migrated faster d m  compkx I wcrc dcgdation products of RAP1 protcin that 
retained DNA bin* activity. (B) Gel mobility shift assay p a f b d  with 32P-labcled AT1 and 
plasmid competitor DNA that contained each tebmerc oligonudeoddc. Competitor DNA was present 
at 0,100,400, and 800 ng per reaction. Molar ratios of competitor to probc DNA arc indicated above 
each h e .  

T8bk 1. Pmduas oftndbmdons with artificial telonxra. The pooled resub of all apcrhcnts in 
which identical amounts of Barn HI-digested artilicial telomcrc plasmids @HAT1,5,12,13, or 16) 
were t e m d b d  into a ma3 derivative ofthc strain A364A (29) by use ofthc sphemplast method (30). 
DNA kvels varied tiom 0.26 to 0.41 pg in dignrnt expmhcnts. A minimum of two naasfbrmpons 
was done for each plasmid with both circular plasmids and Barn HI4gcsted pHATl included as 
controls. Calf thymus DNA (10 pg) was added as carrier in al l  temdbdons. The data arc presented 
as patent;lgcs of plasmids having the following structures: hcakd linear, which are formad by the 
&non of poly(C,-a) to both plasmid ten-, healed linear + reannbinants, which arc healed 
plasmids in thc presence of additional recombinant fonns; aberrant linears, which are healed lineam 
with longcr tracts (at least 300 bp gream than wild-type kngths) on one or both arms of the plasmid; 
linear recombinants, which consist of linear inverted dimers as wdl as more complex forms, and appear 
to arise from poly(CI-& addition at one of the two ends and ligation or r ecombion  at thc other; 
and cirmlarlcomplex mornbinants, which consist pnmanly of -tions of the linearized 
plasmid, circular inverted dimem, and multimeric circular forms, as wdl as some mucmra that could 
not be demmined due to their complexity or low abundance. Integration events were identified by a 
lugh level of mitotic stability not exhibited by cxtnchmm~~~rnal plasmids. Percentage of & dm to 
transfbrrnants containing healed linears of normal structure and is the sum of the first two coiumns of 
the table. The n m k  of trials for each ~onsauct and the cumulative sample size, mpctivcly, arc 
indicated in the parentheses below each telomerc. A second ma1 for AT16, not shown here, was 
performed in a different saain with awndly identical d t s .  Plasmid (31) and statistical analyses (32) 
were as desaibcd. 

Tradbnnation products (%) by dass 
Tehnae  Heakd 

(-9 Healed linear Linczt 
events) linear + -- linear 

binants binants events 

matin, which is resistant to m i d  nu- 
dease digestion (3). Similarly, chromatin at 
the silent mating-type loci is more resistant 
to nudease digestion than that at the ex- 
pressed MAT locus (1 9). Furthermore, si- 
lencing requires the highly conserved NHY 
terminus of histone H4, again suggesting a 
role for modified chromatin structure in this 
process (20). The silent loci are rdiactory to 
cutting by the HO endonudease, switching 
of the mating-type idonnation, and tran- 
scription (21). Thcsc observations, together 
with the recent finding that normally consti- 
tutive genes become repressed when located 
near telomeric sequences (22), suggest that 
RAP1 may be involved in converting the 
silent mating-type loci and tclomeres into a 
pmcad, hemochmmatic state. 

Another due to the mechanism of RAPl 
action comes fiom the observation that the 
protein fractionates with the nudear scafF01d 
(23). RAPl may function by sequestering 
domeres to particular regions of the nude- 
us either to facilitate the binding of tebmere 
replication enzymes or to protect the telo- 
mere fiom degradation and recombiition. 
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Protection of Mice Against the Lyme Disease 
Agent by Immunizing with Recombinant OspA 

Lyme borreliosis is a tick-borne illness caused by Borrelia burgdovferi. The gene for 
outer surface protein A (OspA) from B .  burgdovferi strain N40 was cloned into an 
expression vector and expressed in Escherichia coli. C3HMeJ 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 .  
burgdovferi. Recombinant OspA is a candidate for a vaccine for Lyme borreliosis. 

L YME DISEASE IS A MULTISYSTEM SPI- 

rochetal illness characterized by 
rheumatologic, neurologic, cardiac, 

and dermatologic manifestations. The caus- 
ative agent, Rovuelia br tydot j i r i ,  is transmitted 
to  humans mostly by Ixodes ticks (1). The 
host immune response to  B. brtvgdovfevi is 
incompletely understood; however, humor- 
al immunity is important in protecting ani- 
mals from infection. Passive inxnunization 
of hamsters with imtiserum to B. buvgdovfevi 
prevents infection from intraperitoneal chal- 
lenge with B. b u ~ d o v f e v i  (2). The protection 
is partially strain-specific, however, because 
antiserum to B. buyqdoyfivi strains from dif- 
ferent geographic locations does not show 
h~ll cross protection (3). Active immuniza- 
tion of hamsters with whole inactivated B. 
b u ~ d o r f i r i  strain 297  prevents subsequent 
infection with B. buvgdocfivi strain 297  ( 4 ) .  
The hamster model, however, is limited for 
the study of Lyme borreliosis because the 
animals d o  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 

of Lyme disease in humans (5). A strain of 
B. hucqdovfevi, designated N40, was isolated 
from Westchester County, New York; 
C3HiHe mice infected with B. hrt~pdovf;.vi 
N40 develop spirochetemia 5 days after 
challenge and peak arthritis and carditis 14 
days after infection. This model is useful for 
active immunization ex~eriments with H .  
burqdo?fivi in contrast to  the model of Lyme 
borreliosis in severe combined immunodefi- 
ciency mice (6). 

We first verified that passive inununiza- 
tion is protective in the C3HiHe mouse 
model. Mice were passively immunized with 
antiserum to B.  bukdovfev i  N40 from mouse 
or rabbit and then challenged with B.  h q -  
do$% N40 ( 7 ) .  Control groups were immu- - .  

nized with normal mouse or rabbit scmm. 
After 5 or 14 days cultures of the blood and 
spleen were incubated for 2 weeks in Bar- 
hour-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. huypdorjevi strain 
R31 and the clinical manifestations of dis- 
ease at 14 days was prevcnted (Table 1) .  
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productionof protective antibodies are not 
known; however, several outer surface pro- 
teins on B. buydovfeevi are candidates. The 
outer membrane of B. buqdo?f;.vl is coated 
with a 31-kD protein known as outcr sur- 
face protein A (OspA) ( 9 ) ,  and a 34-kD 
protein named outer protein R (OspB) (10). 
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