
Res. 78, 4756 (1973); B. T. Tsurutani and E. J. 
Smith, ibid. 79, 118 (1974); R. R. Anderson and 
K. Maeda, ibid. 82, 135 (1977). 

7. B. T. Tsurutani and E. J. Smith, ibid. 82, 5112 
(1977). 

8. R. A. Helliwell, ibid. 72, 4773 (1967); R. N. Su- 
dan and E. Ott, ibid. 76, 4463 (1971); D. Nunn, 
Planet. Space Sci. 22, 349 (1974). 

9. C. F. Kennel, F. L. Scarf, R. W. Fredricks, J. 
H. McGehee, F. V. Coroniti, J. Geophys. Res. 
75, 6136 (1970); R. W. Fredricks and F. L. 
Scarf, ibid. 78, 310 (1973); R. R. Shaw and D. A. 
Gurnett, ibid. 80, 4259 (1975). 

10. L. R. Lyons, ibid. 79, 575 (1974). 
11. M. Ashour-Abdalla and C. F. Kennel, ibid. 83, 

1531 (1978). 
12. B. T. Tsurutani, S. R. Church, R. M. Thorne, 

ibid., in press. 

Res. 78, 4756 (1973); B. T. Tsurutani and E. J. 
Smith, ibid. 79, 118 (1974); R. R. Anderson and 
K. Maeda, ibid. 82, 135 (1977). 

7. B. T. Tsurutani and E. J. Smith, ibid. 82, 5112 
(1977). 

8. R. A. Helliwell, ibid. 72, 4773 (1967); R. N. Su- 
dan and E. Ott, ibid. 76, 4463 (1971); D. Nunn, 
Planet. Space Sci. 22, 349 (1974). 

9. C. F. Kennel, F. L. Scarf, R. W. Fredricks, J. 
H. McGehee, F. V. Coroniti, J. Geophys. Res. 
75, 6136 (1970); R. W. Fredricks and F. L. 
Scarf, ibid. 78, 310 (1973); R. R. Shaw and D. A. 
Gurnett, ibid. 80, 4259 (1975). 

10. L. R. Lyons, ibid. 79, 575 (1974). 
11. M. Ashour-Abdalla and C. F. Kennel, ibid. 83, 

1531 (1978). 
12. B. T. Tsurutani, S. R. Church, R. M. Thorne, 

ibid., in press. 

We previously reported the estab- 
lishment of an epithelial cell line, 816A, 
from a lymph node metastasis of a spon- 
taneous, esophageal carcinoma of a 
rhesus monkey, Macaca mulata. At 
early passage levels, 816A cells showed 
both budding and extracellular type C vi- 
rus by electron microscopy (1). In an ef- 
fort to isolate this virus, 816A cells were 
cocultivated with cell lines of human 
(A204, HOS), mink (CCL64), bat (B88), 
and dog (Cf2Th, D-17) origins after treat- 
ment with 5-iodo-2'-deoxyuridine (30 jg/ 
ml) and dexamethasone (0.1 /xg/ml). 
Mixed cell cultures were passaged twice 
monthly, and clarified, 600-fold concen- 
trated culture fluids were tested weekly 
for reverse transcriptase (RT) activity 
with the template poly(rA)-oligo dT,2_8,, 
where rA is riboadenylate and dT is de- 
oxythymidylate. 

Reverse transcriptase assays for the 
first 51/2 months after initiation of cocul- 
tivation were negative for all 816A cell 
combinations. In the sixth month, at 
post-cocultivation passage 15, the 816A/ 
D-17 culture was positive for RT activity 
at a low level, 40 pmole per milliliter per 
hour above a background of 3.2 pmole 
per milliliter per hour. Similar weak RT 
activity was found over the next several 
passages. Electron microscopy of 816A/ 
D-17 cultures at passages 16 and 17 re- 
vealed low concentrations of mature 
type C virus. At passage 17, 500-fold 
concentrated culture fluids from 816A/D- 
17 cultures were inoculated onto Poly- 
brene-treated Cf2Th, CCL64, and A204 

SCIENCE, VOL. 204, 25 MAY 1979 

We previously reported the estab- 
lishment of an epithelial cell line, 816A, 
from a lymph node metastasis of a spon- 
taneous, esophageal carcinoma of a 
rhesus monkey, Macaca mulata. At 
early passage levels, 816A cells showed 
both budding and extracellular type C vi- 
rus by electron microscopy (1). In an ef- 
fort to isolate this virus, 816A cells were 
cocultivated with cell lines of human 
(A204, HOS), mink (CCL64), bat (B88), 
and dog (Cf2Th, D-17) origins after treat- 
ment with 5-iodo-2'-deoxyuridine (30 jg/ 
ml) and dexamethasone (0.1 /xg/ml). 
Mixed cell cultures were passaged twice 
monthly, and clarified, 600-fold concen- 
trated culture fluids were tested weekly 
for reverse transcriptase (RT) activity 
with the template poly(rA)-oligo dT,2_8,, 
where rA is riboadenylate and dT is de- 
oxythymidylate. 

Reverse transcriptase assays for the 
first 51/2 months after initiation of cocul- 
tivation were negative for all 816A cell 
combinations. In the sixth month, at 
post-cocultivation passage 15, the 816A/ 
D-17 culture was positive for RT activity 
at a low level, 40 pmole per milliliter per 
hour above a background of 3.2 pmole 
per milliliter per hour. Similar weak RT 
activity was found over the next several 
passages. Electron microscopy of 816A/ 
D-17 cultures at passages 16 and 17 re- 
vealed low concentrations of mature 
type C virus. At passage 17, 500-fold 
concentrated culture fluids from 816A/D- 
17 cultures were inoculated onto Poly- 
brene-treated Cf2Th, CCL64, and A204 

SCIENCE, VOL. 204, 25 MAY 1979 

13. C. F. Kennel and H. E. Petschek, ibid. 71, 1 
(1966); R. M. Thorne, S. R. Church, D. J. Gor- 
ney, Geophys. Res. Lett., in press. 

14. R. M. Thorne, in Magnetospheric Particles and 
Fields, B. M. McCormac, Ed. (Reidel, Dor- 
drecht, Netherlands, 1976), p. 157. 

15. J. P. Luette, C. G. Park, R. A. Helliwell, 
Geophys. Res. Lett. 4, 275 (1977). 

16. A. M. A. Frandsen, R. E. Holzer, E. J. Smith, 
IEEE Trans. Geosci. Electron. 7, 61 (1969). 

17. This research was supported in part by NSF 
grant ATM 77-22346. This report presents re- 
sults of one aspect of research done at the Jet 
Propulsion Laboratory, California Institute of 
Technology, for NASA under contract NAS 7- 
100. 

25 January 1979 

13. C. F. Kennel and H. E. Petschek, ibid. 71, 1 
(1966); R. M. Thorne, S. R. Church, D. J. Gor- 
ney, Geophys. Res. Lett., in press. 

14. R. M. Thorne, in Magnetospheric Particles and 
Fields, B. M. McCormac, Ed. (Reidel, Dor- 
drecht, Netherlands, 1976), p. 157. 

15. J. P. Luette, C. G. Park, R. A. Helliwell, 
Geophys. Res. Lett. 4, 275 (1977). 

16. A. M. A. Frandsen, R. E. Holzer, E. J. Smith, 
IEEE Trans. Geosci. Electron. 7, 61 (1969). 

17. This research was supported in part by NSF 
grant ATM 77-22346. This report presents re- 
sults of one aspect of research done at the Jet 
Propulsion Laboratory, California Institute of 
Technology, for NASA under contract NAS 7- 
100. 

25 January 1979 

cells. At post-inoculation passage 13, 
100-fold concentrated culture fluids of 
Cf2Th cells were positive for RT activi- 
ty. Such activity increased in culture 
fluids over the next several passages to 
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levels of 480 pmole per milliliter per hour 
above background. The RT activity 
showed preferences for the synthetic 
template poly(rA).oligo dT12-18 com- 
pared to poly(dA).oligo dT12-18 and for 
Mn2+ over Mg2+, indicating type C virus 
activity. The inoculated A204 and 
CCL64 cells were negative for RT activi- 
ty through passages 12 and 13, respec- 
tively. It was possible to develop posi- 
tive RT activity in an additional 816A/D- 
17 cocultivation experiment over essen- 
tially the same time and passage levels 
after cocultivation. Prior to and during 
the entire period over which the virus 
was isolated from the 816A cells, no 
MAC-1 virus, the endogenous virus of 
stumptailed macaques (Macaca arc- 
toides) (2), was present in our laborato- 
ry. We have designated the rhesus mon- 
key cell isolate as MMC-1 (Macaca mu- 
lata type C, first isolate). For initial 
characterization MMC-1 was grown in 
Cf2Th cells. 

In addition to having an RT character- 
istic of type C viruses, electron micro- 
scopic examination of MMC-1 revealed 
early, intermediate, and late budding 
stages and immature and mature extra- 
cellular virions typical of type C viruses. 
The mature, extracellular virus has a di- 
ameter of 110 nm and the nucleoid mea- 
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Fig. 1. Immunodiffusion patterns of MMC-1. (a and b) MMC-1 virus (1 mg/ml) disrupted with 
Triton X-100 in the center well. Antiserums in peripheral wells are described in a clockwise 
direction from the top well. (a) All antiserums of caprine origin. Antiserum to Rauscher murine 
leukemia virus p30 (aMp30), antiserum to feline leukemia virus p27 (aFep27), antiserum to 
simian sarcoma virus p28 (aSSVp28), antiserum to rat type C virus p27 (aRap27), antiserum to 
mouse mammary tumor virus (aMTV), buffer (B). (b) Caprine antiserum to RD-114 virus p28 
(aRDp28), guinea pig antiserum to endogenous baboon virus p28 (aM-7p28 gp), caprine anti- 
serum to M-7p28 (aM-7p28 goat), interspecies caprine antiserum to mammalian type C virus 
p30s (ags-3), caprine antiserum to Mason-Pfizer monkey virus p27 (aMPMVp27), buffer (B). (c 
and d) MMC-1 virus and MAC-1 virus both at 1 mg/ml and both disrupted with Triton X-100. (d) 
In the lower well, caprine antiserum to purified MAC-1 virus [see (4)]. 
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species. The rhesus monkey virus closely resembles, in several respects, an endoge- 
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a species closely related to rhesus monkeys. 
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sures 75 nm in diameter. In sucrose gra- 
dients, MMC-1 has a buoyant density of 
1.14 g/cm3. 

The MMC-1 was tested with anti- 
serums reactive with the major structural 
protein of various mammalian retro- 
viruses by immunodiffusion in agar. Fig- 
ure 1, a and b, shows that there was no 
reaction with any of these antiserums 
with the exception of a broadly reactive 
caprine serum, designated ags-3 (where 
a represents anti), that has antibody 
mainly to the p30 determinants shared by 
the known mammalian type C viruses 
(3). Figure Ic shows the reaction of 
MMC-1 with this serum in comparison 
with MAC-1. The line of identity in- 
dicates a close antigenic relationship be- 
tween these two viruses. This close rela- 
tionship was further illustrated when 
MMC-1 and MAC-1 were tested with an 
antiserum to MAC-1 (Fig. Id) (4). The 
structural proteins of MMC-1 were com- 
pared with those of other retroviruses by 
SDS (sodium dodecyl sulfate)-poly- 
acrylamide gel electrophoresis. This 
comparison showed that the protein pro- 
files of MMC-1 and MAC-1 are very sim- 
ilar, having major proteins of apparent 
molecular weights of, respectively, 
73,000 and 70,000 and 26,000, 12,000, 
and 10,000. 

To determine if MMC-1 is an endoge- 
nous virus of rhesus monkeys, we pre- 
pared a complementary [3H]thymidine- 
labeled DNA transcript, [3H]cDNA, of 
the viral RNA. This [3H]cDNA hybrid- 
ized to RNA from MMC-1 at a level of 84 
percent, to RNA from MAC-1 at a level 
of 80 percent, and showed no hybridiza- 
tion to itself. Table 1 shows the results of 
hybridization assays with the MMC-1 
[3H]cDNA and various DNA prepara- 
tions. A high level of hybridization was 
found with DNA prepared from normal 
rhesus monkey liver and spleen, whereas 
human, normal canine, and normal mu- 
rine DNA were all essentially negative. 
The cell culture line in which the virus 
was initially detected by cocultivation, 
D-17, and the line in which it was propa- 
gated for study, Cf2Th, were also nega- 
tive. The viral [3H]cDNA reassociated 
with rhesus monkey DNA with a Ct1/2 
(where Cot is moles of nucleotide per lit- 
er times seconds) of approximately 15. 
As nonrepeated cell DNA reassociates 
under these conditions with a Co0t/2 of 
3300, we estimate that there are about 
200 viral copies per haploid cell genome. 

MMC-1 is the first endogenous retro- 
virus isolated from rhesus monkeys and 
the second type C virus isolated from 
macaques. The isolation of MAC-1, the 
first endogenous type C virus recovered 
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from macaques, required protracted co- 
cultivation with cells of a heterologous 
species as did the isolation of MMC-1. 
On the basis of data of Todaro and co- 
workers (2) showing that an MAC-1 
cDNA probe hybridized to rhesus mon- 
key DNA at a level of 96 percent, one 
would predict that an endogenous type C 
virus of the rhesus monkey would be 
closely related to MAC-1. The immuno- 
logical findings relative to the major core 
protein, the molecular weights of the vir- 
al structural proteins, the relatively low 
buoyant density, the similarly high copy 
number in cells of the host species, and 

Table 1. Molecular hybridization of MMC-1 
[3H]cDNA. The MMC-1 [3H]cDNA was syn- 
thesized in a 250-tzl reaction mixture contain- 
ing 1 mM deoxyadenosine triphosphate, de- 
oxycytidine triphosphate, and deoxyguano- 
sine triphosphate, 0.15 mM 3H-labeled 
deoxythymidine triphosphate (44 Ci/mmole), 
0.04 percent NP-40 (a detergent), 0.05M tris- 
HCl (pH 8.3), 5 mM magnesium acetate, 
0.05M NaCl, 0.01M dithiothreitol, acti- 
nomycin D (100 ,tg/ml), and about 2.3 mg of 
virus. After 2 hours, SDS was added to 1 per- 
cent and the mixture was centrifuged at 
40,000 rev/min for 2'/2 hours at 10?C in an 
SW-41 rotor through a 15 to 30 percent su- 
crose gradient. A sharp peak of tri- 
chloroacetic acid insoluble radioactivity was 
observed in the middle of the gradient. The 
pooled fractions were incubated in 0.3N 
NaOH for 3 hours at 37?C, neutralized, and 
extracted with phenol followed by chloro- 
form. The [3H]cDNA was collected by eth- 
anol precipitation. Viral RNA was prepared 
as described by Schlom et al. (8) and DNA 
was prepared according to the urea-phosphate 
method (8). Hybridizations were performed 
with 1 to 3 x 103 count/min of [3H]cDNA and 
100 to 500 ,ug of DNA in 1M sodium phos- 
phate buffer, pH 6.8, at 65?C. After appropri- 
ate times the samples were diluted to 0.14M 
phosphate buffer and 0.01 percent SDS, ap- 
plied to hydroxylapatite columns at 50?C, and 
eluted at 10?C increments. Fractions were as- 
sayed for-radioactivity after addition of 2 vol- 
umes of Aquasol II. The extent of hybridiza- 
tion is defined as the percentage of total radio- 
activity eluting from the column above 50?C, 
and Cot values are corrected to the standard 
conditions of 0.12M phosphate buffer (8). In 
all positive samples, >90 percent of the hy- 
bridized [3H]cDNA eluted above 70?C, in- 
dicating well-matched duplexes. 

Percent- 

DNA preparation Cot hybrid- 

ized 

Rhesus monkey liver 12,000 72 
Rhesus monkey spleen 3,100 71 
MMC-1-infected D-17 cell 5,700 70 
MMC- 1-infected Cf2Th cell 5,700 65 
Uninfected D-17 cell 3,200 2 
Uninfected Cf2Th cell 3,500 2 
Human (A204 cell) 6,200 2 
Canine liver 5,400 3 
Murine liver 8,600 6 
None < 1 

the high level of hybridization of MMC-1 
[3H]cDNA to MAC-1 RNA support this 
prediction. Thus, the endogenous ma- 
caque viruses may be as closely related 
to each other as are the endogenous type 
C viruses of different species of baboons: 
Papio cynocephalus, P. hamadryas, P. 
papio, and the gelada, Theropithecus ge- 
lada. Distinctions can be made among 
these viruses by immunological analysis 
of their lower molecular weight structur- 
al proteins and by molecular hybridiza- 
tion techniques (5), even though their 
major structural proteins are antigeni- 
cally identical and levels of cross-hybrid- 
ization are high. The infrequency of vi- 
rus isolation from macaque cells sug- 
gests that these cells are capable of 
effectively suppressing their high levels 
of endogenous viral genomes. Such sup- 
pression was at least temporarily lost in 
the case of early-passage 816A cells, 
where low levels of complete virus were 
expressed. 

Rhesus monkeys are the most com- 
monly used primates for general re- 
search purposes and they are extensively 
used for the production and testing of bi- 
ologics (6). They have also been used 
successfully in chemical carcinogenesis 
programs (7). It will now be important to 
assess the role of MMC-1 in these areas, 
especially in terms of its possible rela- 
tionship to tumor induction and its pres- 
ence in biologics. 
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