
ms-HCl, pH 7.5, 20 mM NaCI, and 1 mM EDTA. 
Precipitated lipids were removed by centrifugation, 
and the clarified solution was passed over a Sepha- 
rose FAST Q column. The nometained fractions 
were pooled and directly applied to a Sepharose 
FAST S column. Pure enzyme (>98%) lacking lipid 
contaminants was eluted from this column with 1 M 
NaCl and 50 mM Hepes, pH = 7.5, and dialyzed 
into the crystallization buffer. The crystals of the 
uninhibited form of hnps-PLA, (0.8 mm by 0.4 
mm; P6,22; a = b = 76.3 A, and c = 90.6 A; one 
molecule in the asymmetric unit) grew in 5 days at 
4°C from 10-kl droplets containing 10 mgiml pro- 
tein, 5 mM CaCl,, 0.1 M tris, 2.5 M NaC1, 0.5 mM 
p-octyl-glucopyranoside, pH = 7.4, that were plat- 
ed onto plastic cover slips and sealed over reservoirs 
containing 1 ml of 4.9 M NaCI, 0.1 M tris, pH = 
7.4. Two different crystal forms of hnps-PLA,-TSA 
were characterized. Crystals of type 1 (0.4 mm by 
0.2 mm by 0.2 mm; P6,22; a = b = 64.9 A, c = 
113.8 A; one molecule in the asymmetric unit) were 
grown in 2 weeks at room temperature from 2 0 4  
droplets containing 10 mgiml protein, 10 mM 
CaCl,, 0.1 M tris, 2.0 M NaC1, pH 7.4, that were 
plated onto glass depression slides and sealed in 
boxes containing 15 ml of 4.0 M NaCl, 0.1 M uis, 
pH = 7.4. The crystallization of Type 2 crystals (0.5 
mm by 0.5 mm by 0.4 mm; P4,2,2; a = b = 76.3 

c = 115.3 A; two molecules in the asymmetric 
unit) differed from the preceeding only in that a 
higher NaCl concentration was used (2.25 and 4.5 
M in the droplet and reservoir, respectively). Crys- 
tals of the uninhibited enzyme yielded a diffraction 
data set that extended to 2.2 A resolution ( R , ,  = 
0.085), Type I crystals provided data to 2.8 A 
resolution ( R , ,  = 0.142), and Type I1 crystals 
matted to 2.1 A resolution ( R , ,  = 0.080). AU 
data were collected from single crystals with a dual 
panel San Diego Multiwire System detector; source 
radiation was graphite-monochromated CuKa 
emission from an RU-300 x-ray generator. 

12. W. Yuan andM. H. Gelb, J. A m .  Chem. Soc. 110, 
2665 (1988); W. Yuan, D. M. Quinn, P. B. Sigler, 
M. H.  Gelb, Biochemistry 29, 6082 (1990). 

13. S. P. White, D. L. Scott, Z. Otwinowski, M. H. 
Gelb, P. B. Sigler, Science 250, 1560 (1990). 

14. D. L. Scott, Z. Otwinowski, M. H. Gelb, P. B. 
Sigler, ibid., p. 1563. 

15. D. L. Scott et al., ibid., p. 1541. 
16. J.-P. Wery et al.,  Nature 352, 79 (1991). 
17. The subclasses refer to a large family of homologous 

sequences designated by Heinrikson et al. [R. L. 
Heinrikson, E. T. Krueger, P. S. Keim, J. Biol. 
Chem. 252, 4313 (1977)l on the basis of small 
differences in &sulfide distribution and certain se- 
quence segments. Class I are from mammalian pan- 
creas and elapid venom. Class II are from crotalid 
and viper venom, as well as from mammalian non- 
pancreatic sources. 

18. C. J. van den Bergh, A. J. Slotboom, H.  M. Verheij, 
G. H. de Haas, J. Cell. Biochem. 39, 379 (1989). 

19. B. W. Dijkstra, K. H.  Kalk, W. G. J. Hol, J. Drenth, 
J.  Mol .  Biol. 147, 97 (1981). 

20. A. Achari, D. L. Scott, P. B. Sigler, in preparation. 
21. R. Renetseder, S. Brunie, B. W. Dijkstra, J. Drenth, 

P. B. Sigler, J. Biol. Chem. 260,11627 (1985). The 
root mean square of a collection of N values x, is 
[ ( X X ~ ~ ) / ~ " ~ .  Here xi is the distance between the ith 
pair of a set of N corresponding atoms after super- 
imposition of two molecules or molecular segments. 
The program used was originally developed by A. 
Lesk. 

22. M. M. G. M. Thunnissen et al.,  Nature 347, 689 
(1990). 

23. J. P. Abita, M. Lazdunski, P. P. M. Bonsen, W. A. 
Pieterson, G. H. de Haas, Eur. J. Biochem. 30, 37 
(1972); M. A. Pieterson, J. J. Volwerk, G. H. de 
Haas, Biochemistry 13, 1455 (1974). 

24. S. Brunie, J. Bolin, D. Genvirth, P. B. Sigler, J. 
Biol. Chem. 260, 9742 (1985). 

25. B. W. Dijksua, R. Renetseder, K. H. Kalk, W. G. J. 
Hol, J. Drenth, J. Mol. Biol. 168, 163 (1983). 

26. D. R. Holland et al.,  J. Biol. Chem. 265, 17649 
(1990). 

27. A. Achari et al.,  Cold Spring Harbor Symp. Quant. 
Biol. 52, 441 (1987). 

28. J. L. Browning, unpublished observations; C. G. 

Schalkwijk, F. Maerki, H. Van den Bosch, Biochim. 
Biophys. Acta 1044, 139 (1990). 

29. M. Waite, T h e  Phospholipases, vol. 5 of Hand&ook of 
Lipid Research (Plenum, New York, 1987). 

30. Calcium ions are identified by the refinement assign- 
ing a compact density of 18 electrons to the site with 
a temperature factor consistent with those of the 
surrounding atoms. Attempts to assign a water 
molecule to the same density caused the refinement 
to simulate an even more compact higher density by 
imposing a physically unrealistic temperature factor. 
There is no way to confidently distinguish a calcium 
ion from the isoelectronic potassium ion by x-ray 
crystallography; however, no potassium salts were 
used in the preparation or purification of the pro- 
teins, diC8(2Ph)PE, or any of the crystal-stabilizing 
supernatant solutions. 

31. The coefficients of the Fourier sum are (2F, - 
F,)exp(i+,), where F,  is the observed amplitude and 
F,  and +, are the amplitude and phase, respectively, 
of the saucture factors calculated from the refined 
model. 

32. R. A. Crowther, in The  Molecular Replacement Meth- 
od, M. G .  Rossman, Ed. (Gordon and Breach, New 
York, 1972), pp. 173-178; R. A. Crowther and D. 
M. Blow, Acta Crystallogr. 23, 544 (1967). 

33. P. M. D. Fitzgerald, J. Appl .  Crystallogr. 21, 273 
(1988). 

34. Z. Otwinowski et al.,  Nature 335, 321 (1988). 
35. D. L. Scott et al.,  manuscripts in preparation. 
36. A. T. Briinger, J. Kuriyan, M. Karplus, Science 235, 

458 (1987). 
37. W. A. Hendrickson and J. H .  Konnert, Biomolecular 

Structure, Function, Conformation and Evolution, R. 
Srinivasan, Ed. (Pergamon, Oxford, 1981), vol. 1, 
pp. 43-57; B. C. Finzel, J. A p p l .  Crysrallogr. 20,53 
( 1  987) 
\ - -  - '  ,' 

38. Abbreviations for the amino acid residues are: A, 
Ala; C, Cys; D, Asp; E, Glu; F, Phe; G, Gly; H,  His; 
I, Ile; K, Lys; L, Leu; M, Met; N, Asn; P, Pro; Q, 
Gln; R, Arg; S, Ser; T, Thr; V, Val; W, Trp; and Y, 
Tyr. 

39. The coordinates will be deposited in the Brookhaven 
Protein Data Bank. The research at Yale was sup- 
ported by NIH grant no. GM22324 and by the 
Howard Hughes Medical Institute; the research at 
the University of Washington was supported by 
NIH grant no. HL36235. S.P.W. was a fellow of 
the Arthritis Foundation, and D.L.S. was a graduate 
student at the University of Chicago and a postgrad- 
uate fellow at Yale. We thank Z. Otwinowski for 
assistance in data collection, and W. Meier and K. 
Miatkowski for their help with large-scale culturing 
of the CHO line. 

13 June 1991; accepted 30 August 1991 

Induction of Type I Diabetes by Kilham's Rat Virus 
in Diabetes-Resistant BB/Wor Rats 

Type I diabetes mellitus is an autoimmune disease resulting from the interaction of 
genetic and environmental factors. A virus that was identified serologically as Kilham's 
rat virus (KRV) was isolated from a spontaneously diabetic rat and reproducibly 
induced diabetes in naive diabetes-resistant (DR) BB/Wor rats. Viral antigen was not 
identified in pancreatic islet cells, and p cell cytolysis was no t  observed until after the 
appearance of lymphocytic insulitis. KRV did not induce diabetes in major histocom- 
patibility complex-concordant and discordant non-BB rats and did not accelerate 
diabetes in diabetes-prone BBlWor rats unless the rats had been reconstituted with DR 
spleen cells. This model of diabetes may provide insight regarding the interagation of 
viruses and autoimmune disease. 

IRAL INFECTIONS HAVE BEEN CON- 

sidered possible etiologic agents re- 
sponsible for human type I diabetes 

with the coxsackie (1, 2) and rubella (3) 
viruses as the most likely candidates. Pro- 
posed mechanisms of action include virus- 
induced modification of P cell antigens, 
molecular mimicry, direct lysis of P cells, 
and virus-induced functional changes in ef- 
fector or regulatory lymphocytes (4, 5 ) .  All 
experimental models of virus-induced diabe- 
tes so far involve viral infection or transfec- 

tion of p cells, and there has been no direct 
demonstration that viruses induce diabetes 
in experimental animals without extensive P 
cell infection or lysis (4-6). We report here a 
model for the study of virus-induced diabe- 
tes in rats with a discrete genetic back- 
ground. 

The BB/Wor rat develops spontaneous, 
autoimmune diabetes mellitus and is consid- 
ered an animal model of human type I 
insulin-dependent diabetes mellitus. Diabe- 
tes-prone (DP) rats are lymphopenic and 
>80% develop diabetes before 120 days of 
aae 17. 8 ) .  DR rats were derived from DP 

D. L. Guberski, A. A. Like, J. E. Wallace, R. M. Welsh, 
" ' ' ' 

Department of Pathology, University of Massachusetts progenitors ( 9 ) ,  have lymphocyte 
Medical Center, Worcester, MA 01655. numbers and phenotypes, and do not be- 
V. A. Thomas, E. S. Handler, A. A. Rossini, Deparunent come diabetic spontaneously if maintained 
of Medicine, University of Massachusetts Medical Cen- 
ter, Worcester, MA 01655. in a viral antibody-free (VAF) environment 
W. R. Shek, Charles River Laboratory, Wilmington, MA (10). 01887. 

An unexplained outbreak of lymphocpc 
*To whom correspondence should be addressed. insulitis (pancreatic islets surrounded and 
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permeated by lymphocytes) and hypergly- occurred in 1984 to 1986 (1 1). Although tempted to produce family lines of diabetic 
cemia in the University of Massachusetts diabetes frequently occurred in clusters, we D R  rats. We produced > 500 progeny 
(UMass) Medical Center colony of D R  rats assumed a genetic explanation and at- from a variety of mating schemes, includ- 

ing animals produced by crossing parents 
that were both diabetic and nonlym- 

Fig. 1. Serology and phopenic. Less than 1% of these animals 
spontaneous diabetes in *"'* Sen -'* KRV Pd SDAV PVM became diabetic, and the crosses provided 
BBmOr DR rats no clear genetic mechanism for diabetes in 1984 to 1988. (Top)  Se- 
rum samples from 10 to D R  rats. Serologic data (12) collected from 
20 rats were tested for 1984 to 1988 suggested an association 
viral antibodies ( 1 4 ,  and between the presence of antibodies to the 
the results were graphed common rat parvovirus Kilham's rat virus 
as the percent of positive 
tests for 6-month inter- (KRV) and these diabetic rats (Fig. 1). In 
vals by year. (Bottom) 1989 to 1990, another outbreak of diabe- 
The number of sponta- 
neously diabetic DR rats 1 tes occurred in a satellite colony of BB/Wor 

D R  rats housed in a conventional (non- 
detected in the colony 
during the same 4 20 VAF) animal room. Twenty-nine diabetics 

6-month periods. Total were detected during a 60-day period in a 
number of DR rats in room housing approximately 350 DR rats, 
the colony varied from 0 and serologic profiles indicated the pres- 
750 to 1000. Sen, Sen- 
dai virus. L 1984 A L 1985A ~ 1 9 8 6 1  L 19871 L 1988 1 

of to KRV, as as 
Toolan's H-  1, sialodacryoadenitis (SDAV), 

Time (years) and Sendai viruses (13). During the 1989 
outbreak, we isolated viruses from the 

Table 1 .  Frequency of diabetes or insulitis in rats injected with KRV or SDAV. Intact litters of 21- lymph nodes, bone and 
to 25-day-old male and female rats were inoculated intravenously or intraperitoneally with 0.2 ml of pancreases of several diabetic and nondia- 
KRV-UMass containing 1.4 x lo5 p h  or intranasally or intraperitoneally with 0.1 ml of SDAV betic DR rats (14). We plaque-purified a 
(CRL-V22) containing 100 median tissue culture infectious doses. Vehicle inocula consisted of pancreas isolate, serologically identified it as 
similarly diluted tissue culture fluid from uninfected NRK cells. Animals were tested for diabetes KRV and used it to test the hypothesis until 50 days of age. Diabetic animals (16) were killed at detection, and nondiabetics were killed at 
50 days of age for morphologic examination of pancreatic tissues and collection of sera for viral that KRV induce lymphocric 
serology. The presence of lymphocytic insulitis was evaluated by an observer without knowledge of insulitis and diabetes mellitus in DR BB/ 
the identity or status of the experimental animals. The results represent pooled data from 15 War rats. 
separate experiments. WF, Wistar Furth rats; DR spleen; spleen cells from DR rats. We inoculated 21- to 25-day-old VAF 

Rat Treaunent Diabetes Insulitis* 
D R  and DP rats intravenously or intraperi- 
toneally with the KRV-UMass isolate. 

BBlWor DR (RTlU/") KRV-UMass 401129 39/82 Thirty-one percent of the D R  rats devel- 
NCI KRV 10130 9/20 oped acute, ketosis-prone diabetes within 2 
SDAV 0137 
Vehicle 0163 

to 4 weeks after KRV injection (16). An 

No injection 0159 additional 30% demonstrated lymphocytic 
BBmor DP (RTlU/')  KRV-UMass 0120 3/20 insulitis without diabetes. Although KRV 

DR spleen cells 0110 1/57 induced diabetes or insulitis in 61% of the 
DR spleen + KRV 12/20 5/8 D R  rats, it did not induce either condition 
Vehicle Oj20 0120 
DR spleen + vehicle 0110 4/10t 

in young DP rats within 4 weeks of infec- 

WF ( R T ~ " ~ " )  KRV-UMass 0/20 0120 tion unless the animals had been initially 
Long Evans (RT1"'") KRV-UMass 0115 0115 reconstituted with D R  spleen cells (17). 
PVG-R~ (RTF) KRV-UMass 0140 0140 D R  rats inoculated with a defined KRV 
P v G - R ~ ~  (RTlU/')  KRV-UMass 0110 
PVG (RT~'/') KRV-UMass 0119 

O i l 0  seed stock [National Cancer Institute 
0119 

(NCI) T9530001 (NCI KRV) obtained 
*Lymphocytic insulitis without diabetes, tThe rats with insulitis were KRV seropositive. from the Charles River Laboratorv (CRL) , x 

showed similar frequencies of diabetes and 

Table 2. KRV titers in tissues and blood. Blood and organ suspensions were titrated by plaque 
assay of NRK cells. We incubated plaque-assay plates for 5 days before staining them with crystal 
violet and counting the plaques. Values are geometric mean titers 2 SE of the logarithm of the p h  
of a liver lobe, pancreas, or spleen or the logarithm of the p h  per milliliter of blood. A less than 
sign (<) indicates that at least one sample had titers below the limit of the assay and that this low- 
limit value was incorporated into the calculation of the mean. 

Days after infection 
Tissues 

3 5 7 10 

Pancreas (n = 5 )  6.8 2 0.2 6.5 ? 0.2 5.6 ? 0.3 4.0 ? 0.5 
Liver lobe ( n  = 5 )  7.0 2 0.1 7.4 -C 0.2 7.3 ? 0.2 6.2 ? 0.2 
Spleen (n = 5 )  8.1 ? 0.1 7.5 ? 0.1 6.0 ? 0.1 5.1 2 0.3 
Blood (n = 4 )  3.0 2 0.1 3.0 2 0.2 <2.1 2 0.1 C2.0 2 0 

insulitis (Table 1).  
Diabetes susceptibility in BB rats is associ- 

ated with genes that encode the RT1" major 
histocompatibility complex (MHC) haplo- 
type (18). DP and DR BB/Wor rats are both 
RTlU"". To determine whether the u haplo- 
type is sufficient for KRV-induced diabetes, 
we injected Wistar Furth (RTlU/"), Long 
Evans (RTlU/"), PVG (RTI"'), and congenic 
PVG-R8 (RTla/") and PVG-RZ3 (RTlU/") 
rats (16) with the same quantity of KRV- 
UMass used to induce diabetes in age- 
matched BB/Wor DR rats. Although the 
non-BB rats developed serologic titers to 
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Fig. 2. Studies of KRV infection (A and 8). 
Cover slips containing NRK cells were infected 
with KRV-UMass and fixed in periodate-lysine- 
paraformaldehyde (PLP) solution (26) before 
immunohistochemical staining for KRV antigen 
(27). Virus-infected cells were unstained after 
incubation with normal rat serum (A) but re- 
vealed nudear reaction product (black in photo- 
graph) after incubation with rat antibody to KRV 
(B). Magnification in (A) and (B), ~ 2 8 0 .  (C 
through E) DR rats injected with KRV-UMASS 
were lulled at 5 and 11 days after inoculation. 
Tissues were fixed in PLP, embedded in paraffin, 
and treated with aypsin before imrnunohis- 
tochemical staining for KRV antigen with rat 
antibody to KRV. (C) Pancreatic islet is normal 
in appearance and negative for KRV at 5 days 
aftcr infection. Magnification. ~ 1 9 8 .  (D) Early 
~ymphocytic insulihs is present 11 ciais after 
infection; however, islet cells remain negative for KRV. Mapification, x 150. (E) 
Splenic megakaryocyres and scattered lymphocytes stain intensely for KRV 5 days 
after infection. Magnification, x 300. (F) Lymphocytic insulitis and islet cell 
necrosis in an acutely diabetic rat 14 days after infection. Pancreas fixed in Bouin's 
solution and par&-embedded section stained with hematoxylin and eosin. 
Magnification, x  2 10. 

KRV (12), none became diabetic or showed 
evidence of lymphocytic insulitis. To examine 
the viral spediaty of KRV-induced diabetes, 
we inoculated DR rats with SDAV (19), 
which was also endunic in our colonies dur- 
ing the episodes of spontaneous DR diabetes 
(Fig. 1). SDAV-hkted animals neither de- 
veloped diabetes nor insulitis (Table 1). To 
eliminate the possibility that in v i tn&dud 
cytokines were responsible for p cell injury 
and diabetes, we purified a KRV-UMass 
stock away from its putative cytokinean- 
taining culture fluid by ultracenwihgation of 
the virus through a 50% Renografin (Squibb 
Dkgmstic, New Bcunswick, New Jersey) 
cushion. Forty-seven percent (7115) of DR 
rats inoculatad with this virus had diabetes or 
illsulitis. 

DR rats inoculated with KRV were 
killed at intervals for serum interferon 

(IFN) assays (20), viral titrations from 
blood and tissues, and immunocyto- 
chemical identification of viral antigen. Se- 
rum IFN levels were low and only detect- 
able at 5 days after infection [65 + 2.5 
units/& (mean 2 SEM; n = 5)]. IFN 
levels at 3, 7, and 10 days after infection 
were < 10 units/&. KRV plaque-forming 
units (ph) were isolated from spleen, liver, 
and pancreas at all time periods, with the 
highest titers on days 3 and 5 after infec- 
tion (Table 2). Blood pfu were relatively 
low (<lo3 pfulml) at all time periods, 
indicating that the organ titers were not 
due to contaminating blood. KRV antigen 
was identified in hepatocytes and numer- 
ous spleen cells, including lymphocytes and 
megakaryocytes. KRV antigen was occa- 
sionally localized in pancreatic interstitial 
cell nuclei, but exocrine and endocrine 

epithelial cells were KRV- at all times, and 
there was no evidence of p cell cytolysis 
before the onset of insulitis (Fig. 2). 
Because we reported that immune-sup- 

pcessive measures induce diabetes in DR rats 
exposed to environmenral pathogens (13), 
we analyzed peripheral blood and lymph 
node cells of KRV-injected DR rats by flow 
cytomeay for evidence of T cell depletion. 
When compared with vehicle controls, there 
were no signi6cant changes in the percent- 
ages of peripheral blood CD4+ and CD8+ 
T cells or natural killer cells at 3,6, and 10 
days after infection or in diabetic rats. 
RT6.1+ lymph node cells were also un- 
changed (21). 

KRV is a common parvovirus that has 
been isolated from colonies of clinically 
healthy laboratory rats, as well as feral 
ones. Adventitious infections of laboratory 
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rodents with KRV and other rodent par- 
voviruses are widespread because they are 
highly stable, small (15- to 28-nm diame- 
ter), nonenveloped, single-stranded DNA 
viruses. They are difficult to eliminate from 
animal colonies. Infections of immuno- 
competent animals are generally asympto- 
matic unless large doses of concentrated 
virus are given parenterally to perinatal rats 
and mice or to hamsters that lack indige- 
nous parvoviruses. Serologic evidence of 
parvovirus infection is also widespread in 
humans; a report has suggested an associ- 
ation of a parvovirus with rheumatoid ar- 
thritis (22). 

The relation between KRV infection and 
diabetes in BB/Wor D R  rats is based on 
several lines of evidence. Plaque-purified 
KRV-UMass, as well as NCI-KRV, repro- 
ducibly induced destructive lymphocytic 
insulitis and diabetes in VAF D R  rats. 
SDAV- and vehicle-inoculated and uninoc- 
ulated D R  rats develo~ed neither insulitis 
nor diabetes. Inoculated rats uniformly se- 
roconverted to KRV and rarely (<2%) had 
antibodies to other rodent viruses, indicat- 
ing that the inocula contained only KRV 
and that other infections were rare. Finally, 
KRV was reisolated from experimentally 
infected animals with lymphocytic insulitis. 

Whereas KRV-infected D R  rats showed 
high titers of infectious virus in spleen, 
liver, and pancreas and viral antigen was 
localized immunocytochemically in spleno- 
cytes and hepatocytes, pancreatic islet and 
exocrine cells were viral antigen-negative. 
Furthermore, islet cell necrosis was not 
evident before the appearance of insulitis. 
It is therefore unlikely that diabetes result- 
ed from direct lytic infection of the pancre- 
atic p cells. KRV did not induce insulitis or 
diabetes in non-BB rats, including strains 
that share the (RTIu'") M H C  of BBlWor 
rats. These results suggest that genetic 
factors unique to the BB/Wor rat are essen- 
tial for this disease. 

We have suggested that environmental 
viral pathogens enhance or inhibit the pro- 
cess of islet cell destruction, depending on 
the immunologic milieu of the host (10). 
The failure of KRV to accelerate diabetes 
among DP rats is consistent with the ob- 
servation that eliminating viral pathogens 
increased the tempo and frequency of 
spontaneous diabetes among DP rats. Fur- 
thermore, the evidence that KRV induced 
diabetes in DP rats after thev had been 
reconstituted with D R  spleen cells suggests 
that parvovirus acts by stimulating DR- 
autoreactive cells, which are required for P 
cell destruction. The specificity of the re- 
quirement for D R  cells is supported by 
initial studies in which eight DP rats recon- 
stituted with Wistar Furth spleen cells did 

not become diabetic after intraperitoneal 
injection of 1.4 x lo5 pfu of KRV (21). 
That KRV is capable of inducing diabetes 
in genetically susceptible animals-by a pro- 
cess that does not require direct cytolytic 
infection of pancreatic 6 cells raises the 
intriguing possibility that environmental 
organisms may induce diabetes in suscep- 
tible humans by stimulating genetically 
programmed effector cells or by disrupting 
a balanced network of autoreactive and 
regulatory cells. 
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an ether-alcohol mixture and stained with rat anti- 
serum to KRV (CRL-S223), followed by fluoresce- 
in isothiocyanate-conjugated goat antibody to rat 
immunoglobulin G (Acc~rate Chemical). CRL- 
S223 antiserum was obtained from VAF rats that 
were enzootically infected with KRV but not other 
murine viruses. We evaluated antiserum specificity 
by testing for antibodies to M .  arfhritidis, as well as 
Sendai v i m ,  PVM, SDAV, KRV, Toolan's H-1 
virus, and reovirus type 3. The specificity of KRV 
antibodies was also confirmed by the ELISA and 
hemagglutination inhibition tests. Antibodies to 
other agents were not detected. NRK cells infected 
with the pancreatic isolate or the defined NCI KRV 
had nuclear fluorescence, whereas uninfected cells 
were negative. The isolate was assayed by plaque 
formation on monolayers of NRK cells overlayed 
with 2 x  medium 199 mixed with 1% agarose. The 
isolate and the NCI KRV induced 0.5-cm plaques of 
similar morphology. The pancreatic isolate was 
plaque purified three times, filtered (0.2-wm filter), 
and used as the virus stock (KRV-UMass) for the 
described experiments. 

. BB/Wor DR and DP rats were obtained from the 
research and National Institutes of Health contract 
colonies maintained at the UMass Medical Center. 
Congenic PVG-R8 (RT1"") and PVG-R23 (RTIu/") 
rats were also bred at UMass. Animals were ,VAF as 
determined by quarterly viral antibody screens (12). 
VAF PVG (RTIc/') rats were purchased from Ban- 
tin and Kingman, Wistar Furth (RTIU/") rats from 
the NCI, and Long Evans (RTIU'") rats from CRL. 
Inoculated animals were housed in a biocontainment 
suite where they were tested for diabetes three times 
per week until they were 50 days of age. Diabetics 
[defined as 4+ glycosuria by TesTape (Eli Lilly, 
Indianapolis, IN) and a blood glucose of greater 
than 14 mmol of glucose per deciliter of blood] were 
killed at detection by intraperitoneal administration 
of pentobarbital, and nondiabetics were killed at 50 
days for morphologic examination of pancreatic 
islets and collection of serum for viral serology. 
DP rats at 20 and 21 days were reconstimted with 
concanavalin A-stimulated DR splenocyes, pre- 
pared as reported (24, 25). Cells equivalent to one 
spleen were injected intravenously or intraperitone- 
ally 4 to 7 days before v i m  inoculation. KRV- 
injected DP rats were tested for diabetes until they 
were 50 days of age. Because diabetes occurs spon- 
taneously in about 0.5% of VAF DP rats <50 days 
old (lo), the onset of diabetes before 50 days was 
considered the result of experimental manipulation. 
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Inoculated animals produced antibodies to SDAV 
but not to other rodent viruses or M .  pulmonis. 
We assayed serum IFN concentrations by prepar- 
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standard purchased from Lee Biomolecular (La 
Jolla, CA). 
D. L. Guberski, R. M. Welsh, W. R. Shek, A. A. 
Like, unpublished data. 
R. W. Simpson et al., Science 223, 1425 (1984). 
M. A. Cerra, P. A. Oskar, W. R. Shek, Lab. Robot. 
Autom. 2, 119 (1991). 
A. A. Like et al., 1. Immunol. 134, 1583 (1985). 
A. A. Like, A m .  J. Pathol. 136, 565 (1990). 
I. W. McLean and P. K. Nakane, J. Histochem. 
Cytochem. 22, 1077 (1974). 
R. 0 .  Jacoby, P. N. Bhatt, D. J. Gaertner, A. L. 
Smith, E. A. Johnson, Arch. Virol. 95,251 (1990). 
We thank R. 0 .  Jacoby for providing the antibody 
to KRV (Yale University); T. DiLeo, S. A. Costa, 
A. C. Mascarenhas, C. L. Zammitti, S. M. Jennings, 
and L. A. Baptiste for technical assistance; and L. C. 
Urbsis for preparation of the manuscript. Supported 
by NIH grants and contracts DK19155, DK7- 
2287, DK07302, DK25306, AR35506, CA34461, 
and ,4117672. 

1 May 1991; accepted 12 August 1991 

15 NOVEMBER 1991 REPORTS 1013 




