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“H-Thymidine-labeled Herpesvirus saimiri (HVS) was purified from supernatant 
and cells of infected owl monkey kidney monolayer cultures. Pronase/SDS-extracted 
HVS DNA was characterized in neutral sucrose gradients. Cocentrifugation of this 
DNA with W-labeled T4-phage DNA resulted in s!o,~ = 53 f 1.5 S as the sedimenta- 
tion constant, corresponding to amolecular weight of 91 ZL 5 X 10Bdaltons. Unsheared 
HVS DNA banded in cesium chloride at 1.799 g/ml, but it broke down during the 
different manipulations to at least two double-stranded DNA molecules of largely 
different base composition which shared no sequence homologies. One part (4297, of the 
total viral genome) had a density of 1.729 g/ml, corresponding to 70yo cytosine plus 
guanine content, the other one (representing 53% of the intact molecule) banded at 
1.694 g/ml, corresponding to 35’$!$ cytosine plus guanine. 

INTRODUCTION 

Three members of the herpesvirus group, 
Herpesvirus suimiri (HVS), Herpesvirus 
ateles (HVA), and Epstein Barr virus (EBV) 
cause tumors in subhuman primates. EBV 
is suspected to be involved in the etiology 
of Burkitt’s lymphoma (Epstein et al., 1964) 
and nasopharyngeal carcinoma by virtue of 
immunological studies (Henle et al., 1969; 
Klein et al., 1970) and the demonstration of 
EBV DNA homologies in tumor biopsies 
(zur Hausen et al., 1970) and tumor cells 
(Wolf et aE., 1973). Its in viva oncogenicity 
was recently demonstrated by Shope et al. 
(1973) and Epstein et al. (1973), who in- 
duced lymphoproliferative disease in mar- 
moset (Saguinus Oedipus) or owl monkeys 
(Aotus trivirgutus) by inoculation of EBV 
derived from lymphoblastoid cell lines. 

HVS was first isolated from squirrel mon- 
key (Saimiri sciureus) kidney cell cultures 
by Melendez et al. (1968). Marmosets 
(Suguinus Oedipus, S. nigricollis, S. fuscicoZ- 
Zis) inoculated with HVS consistently de- 
veloped malignant lymphomas or acute 

1 Supported by the Deutsche Forschungsge- 
meinschaft, Bad Godesberg and SFB 118. 

z Part of the work was done in the Hygiene- 
Institut der Universitlt Gottingen, Germany. 

lymphocytic leukemias within a few weeks 
after inoculation (Melendez et al., 1969; 
Wolfe et al., 1971; Laufs and Fleckenstein, 
1972, 1973). HVS also induced malignant 
lymphoproliferative diseases in various other 
species of new world monkeys although these 
are less susceptible to HVS than marmosets 
(reviewed by Deinhardt et al., 1973). 

Infections by HVS parallel EBV infections 
of man in many regards: (1) The natural 
host harbors the virus in peripheral leuko- 
cytes persistently (Falk et al., 1972a) and 
reveals antibodies to virus-specific late anti- 
gens (Klein et al., 1973). Antibodies against 
early antigens are only produced in recently 
infected or tumor-bearing individuals. (2) 
Herpesvirus particles have not been seen in 
fresh biopsy cells by electron microscopy 
(Ablashi et al., 1971) nor were viral structural 
components revealed by immunofluorescent 
methods (Falk et al., 1972b). (3) Lympho- 
blastoid cell lines of similar morphology 
have been established from EBV- and HVS- 
induced lymphomas (Rabson et al., 1971; 
Falk et al., 1972b). A small proportion of 
these tissue culture cells produces viral 
antigens and infectious viral particles. 

In contrast to EBV, HVS can be propa- 
gated in certain tissue culture cells. The 
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HVS system provides therefore a useful 
model for studying oncogenic hcrpcsvirus- 
host cell interactions. To investigate the 
role of HVS in transformation of lymphatic 
cells by molecular hybridization cxpcri- 
ments, we purified the viral DNA. The 
present study describes purification proce- 
dures of HVS-DNA. In addition, its sedi- 
mentation constant, molecular weight, and 
base composition is reported. 

MATERIALS AND METHODS 

Viruses and cell culture. Strains S 295 C 
and E 949 F of HVS were kindly supplied 
by Dr. Melendez, strain E 515 I was fur- 
nished by Dr. Daniel, and Strain No. 11 was 
provided by Dr. Falk. The virus was usually 
propagated in Vero cells and in two owl 
monkey kidney (OMK) cell lines which 
have been established by Dr. Daniel. The 
mostly used strain S 295 C was plaque- 
purified under methyl cellulose in the pres- 
ence of tylosine, gentamycin, and kana- 
mycin. The virus-infected cells were kept at 
35” without addition of antibiotics. Herpes 
simplex virus type 2 was plaque-purified and 
propagated in Vero cells. 

The cells were cultivated in minimal essen- 
tial medium (MEM) supplemented with 2% 
heat-inactivated fetal calf serum and 8% 
calf serum. 

Tests for mycoplasma contamination. At- 
tempts to isolate mycoplasms from tissue 
cultures were carried out by Dr. W. Bredt 
at the Institut fur Medizinische Mikro- 
biologie, Mainz, as well as in our laboratory. 
Tissue culture cells and 0.5 ml of superna- 
tant were incubated under 10% COZ for 2 
weeks in PPLO-Broth (Difco) supplemented 
with 20% (v/v) PPLO-serum fraction 
(Difco), 1% yeast extract (Difco), minimum 
essential vitamins (Flow), 10 mM arginine, 
10 mM glutamine, 0.5% glucose, and 300 
U of penicillin per milliliter. 

In addition, t’he cultures were screened 
for the presence of mycoplasmal uridine 
phosphorylase according to Levine (1972). 
Six X lo6 cells were incubated in 0.05 1M 
sodium phosphate buffer (pH 8.1) with 1 
mmole uracil and 0.5y0 Triton X-100 for 20 
min at 20”. The suspension was then clarified 
by low speed centrifugation, and 20 &i/ml 
3H-uridine (Amersham-Buchler, Braun- 

schncig), specific activity 0.5 Ci/mmole, 
were added. The reaction was carried out at 
37” over 3 hr. Uridine and uracil were sep- 
arated by ascending paper chromatography. 
Conversion rates to uracil of more t’han 15% 
were regarded as indicative for mycoplasma 
contamination. 

Infection and radioactive labeling. HVS- 
infected OMK cells were refed 2 days after 
infection with MEM/lOyo heat-inactivated 
calf serum containing 0.5 to 1.5 pCi/ml 
3H-thymidine (specific activity 15-27 Ci/ 
mmole). The virus was harvested 4-8 days 
p.i., when marked cytopathic changes oc- 
curred. At this time, the infectivity titers 
ranged up to lo6 PFU/ml. Vero cells yielded 
about lo4 PFU/ml if t’rypsinized 3 days 
after infection with HVS and harvested 2-4 
days later. 

Partial puriJication of viruses. HVS was 
purified by four methods. 

1. The supernatant of infected tissue cul- 
tures was clarified by low speed centrifuga- 
tion. From this, the virus was concentrated 
by two subsequent pellet centrifugations in 
the Spinco type 19 rotor at 19,000 rpm for 
2 hr and the Spinco SW 27 rotor at 17,000 
rpm for 90 min. The virus was resuspended 
in reticulocyte st’andard buffer (RSB; War- 
ner et al., 1963), layered on a 15-300/, (w/w) 
sucrose gradient, and centrifuged in the SW 
27 rotor at 20,000 rpm for 35 min at 4”. 
Fractions of 20 drops were collected from 
the bottom of the tubes. Radioactivity was 
determined in a toluene scintillator with 
3301, (v/v) Triton X-100. In some experi- 
ments infectious virus of each fraction was 
titrated in OMK cells. Part of the fractions 
was vacuum-dialyzed against RSB, nega- 
tively stained with saturated uranyl acetate 
or 2% (w/v) phosphotungstic acid at pH 
7.2, and examined in a Zeiss EM 10 electron 
microscope. 

2. Concentrated virus pellets from tissue 
culture supernatants were resuspended in 
1% Nonidet P-40 (NP-40; nonionic deter- 
gent, Shell Oil Co.) solution in 10m2 M Tris 
buffer (pH 7.4) and incubated for 60 min at 
37”. The suspension was clarified by cen- 
trifugations at 2000 and 12,000 g. Nucleo- 
capsids released by NP-40 were centrifuged 
as reported above. 

3. Cell-bound HVS was recovered by a 
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method analogous to that described by 
Weinberg and Becker (1969). Cytoplasm of 
infected cells was lysed by addition of 0.5% 
NP-40 in 10d2 M Tris buffer containing 8% 
(w/w) sucrose. Nuclei were discarded after 
low speed centrifugation. Sedimentation 
conditions for the freed nucleocapsids were 
reported above. 

4. The infected cells were suspended in 
RSB for 3 hr at 4”, dounced, and briefly 
sonicated. Nuclei and cytoplasmic debris 
were removed by low speed centrifugation 
before layering the supernatant on 15 to 
30yo (w/w) sucrose gradients. 

PuriJication of viral DIVA. The virus- 
containing fractions were pooled, diluted 
with RSB, and centrifuged in the SW 27 
rotor at 17,000 rpm for 90 min. The pellet 
was incubated for 30 min at 37” in RSB 
containing 1 mg of Pronase per milliliter, 
1% sodium dodecyl sulfate (SDS), 0.01 M 
EDTA on the top of a 20 to 35yo (w/w) 
sucrose-SDS gradient (zur Hausen and 
Schulte-Holthausen, 1970). Released DNA 
was spun in the SW 27 rotor at 20,000 rpm 
at 25” for 14 hr. Peak fractions were diluted 
with 0.1 X SSC (SSC = 0.15 M NaCl plus 
0.015 M citrate) and centrifuged in the SW 
41 rotor at 38,000 rpm for 16 hr at 25”. 
The pelleted DNA was resuspended in 0.1 
X SSC. Solid cesium chloride was added to 
obtain a density of 1.7 g/ml. The samples 
were centrifuged at 39,000 rpm for 60 hr at 
25” in the Spinco Ti 50 rotor or in the 
Christ-Type 60 fixed-angle rotor. 

Preparation of T..$-Phage DNA. T4 B+ 
phage growing on Escherichia coli B/5 was 
labeled with 0.1 &!i/ml 14C-thymidine 
(Amersham-Buchler, Braunschweig, specific 
activity 62 mCi/mmole). The phage was 
concentrated by sedimentation in the SW 
27 rotor at 17,000 rpm for 30 min and puri- 
fied in a preformed 32 to 56yo (w/w) cesium 
chloride gradient in the SW 50 rotor at 
39,000 rpm for 90 min. The particles were 
disrupted by adding a solution of 1% SDS, 
2% sarkosyl NL (Ciba-Geigy), 1 mg of 
Pronase per milliliter, and 0.01 M EDTA 
and by incubation for 30 min at 37” and 
thereafter for 10 min at 60”. 

DNA-DNA Jilter hybridization. To obtain 
cold cellular DNA, tissue culture cells were 
lysed with 2ajo sarkosyl, digested with 1 mg 

of Pronase per milliliter for 30 min at 37”, 
and subsequently extracted with phenol and 
chloroform4yo (v/v) isoamyl alcohol. The 
nucleic acids were incubated with 50 pg of 
RNase per milliliter for 30 min at 37”, re- 
extracted with phenol and chloroform- 
isoamyl alcohol, precipitated with eDhanoI, 
dissolved in 0.1 X SSC, and dialyzed against 
0.1 X SSC. Absorption between 220 and 
320 nm was scanned in a Gilford Type 240 
spectrophotometer. 

Purified DNA was heat-denatured by 
boiling for 15 min followed by rapid cooling 
in ice water. The heat-denatured DNA was 
brought up to 2 X SSC and slowly filtered 
through 0.45 pm nitrocellulose filters (Sar- 
torius, Gottingen, SM 11,306). The filters 
were incubated for 4 hr at 80”. 

Purified radioactive viral DNA was di- 
alyzed against 0.1 X SSC to remove CsCl. 
The DNA was disintegrated by sonification, 
heat denatured, and incubated with filters 
in 1.5 ml 4 X SSC, 0.1% SDS for 16 hr at 
66”. The filters were washed with 100 ml of 
2 X SSC before monitoring radioactivity. 

DNA-cRNA Jilter hybridization. Purified 
HVS DNA, l-3 pg, was transcribed in vitro 
with E. coZi-RNA polymerase to 3H-labeled 
cRNA (specific activity 4.1-5.3 X 10’ dpm/ 
pg) as described by zur Hausen and Schulte- 
Holthausen (1972). After heat denaturation, 
about 5 X lop4 pg cRNA/ml (in 2.5 X 
SSC, 50% formamide, and 0.05% SDS) were 
added to each DNA-loaded filter, which was 
gently shaken over 7 days at 45”. There- 
after, the filters were washed with 2 X SSC, 
treated with 20 Mg/ml RNase (Merck, 
Darmstadt) for 30 min at 37”, washed 
again, and counted. 

Digestion of single-stranded DNA. Single- 
strand-specific Sl nuclease was prepared 
from Aspergillus oryzae amylase (Sankyo 
Co., Tokyo) according to the method given 
by Sutton (1971). Single-strand degradation 
was carried out in 0.03 M acetate buffer pH 
4.5 containing 1.8 X lop3 M ZnCh, 0.3 M 
NaCI, 10 rg/mI heat-denatured and 50 
ccg/ml native calf thymus DNA for 1 hr at 
45” (Leong et al., 1972). Trichloroacetic acid 
(TCA)-precipitable radioactivity was col- 
lected on 0.45 pm nitrocellulose filters and 
counted in toluene-Triton X-100 scintillator. 
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FIG. 1. Sedimentation of 3H-thymidine-labeled HVS in 1530% (w/w) sucrose gradients. (A) Com- 
plete herpesvirus particles were concentrated from OMK-cell supernatant by pellet centrifugations 
prior to sucrose sedimentation. In experiment (B) HVS-nucleocapsids were released from viral concen- 
trates by 1% NP-40 before layering on sucrose. Direction of sedimentation is to the left. 

RESULTS 

Sedimentation of HVS in Sucrose Gradients 

By sedimenting complete HVS-particles 
recovered from OMK-cell cytoplasm 
(method 4) or from tissue culture super- 
natants (method 1) in 15-30yo (w/w) su- 
crose gradients, a visible band was observed 
between the lower and middle third of the 
tube. This band corresponded to a peak of 
radioactivity (Fig. 1A). Electron microscopy 
revealed that it consisted of complete herpes- 
virus particles, of nucleocapsids partially 
penetrated by the stain, most of them sur- 
rounded by irregularly shaped envelopes. 
Slowly sedimenting DNA at the top of the 
gradient could be digested by DNase, 
whereas the virus band remained TCA- 
precipitable after DNase treatment. 

When concentrated HVS was resuspended 
in 1% NP-40, free nucleocapsids were re- 
leased, sedimenting as a sharp radioactivity 
peak in the 15 to 30yo (w/w) sucrose gradi- 
ent (Fig. 1B). 

Sedimentation qf DNA in the Neutral Su- 
crose-SDS Gradient 

HVS DNA was released from partially 
purified virus concentrates by Pronase and 
SDS on top of the gradient. After centrifu- 
gation, a sharp peak of radioactivity was 
found in fractions S-10 of about 30 fractions. 
Cosedimentation of 3H-HVS DNA with 
14C-labeled T4-phage DNA revealed a 93 f 
2’% sedimentation distance of HVS DNA as 
compared with phage DNA (Fig. 2). Taking 
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FIG. 2. Sedimentation of 3H-thymidine-labeled 
HVS DNA in a neutral sucrose-SDS gradient. Par- 
tially purified virus was lysed with Pronase and 
SDS on top of the gradient. Released 3H-HVS DNA 
(o-0) cosedimented with I%-labeled T4 
phage DNA (O--O). Direction of sedimenta- 
tion is to the left. 

szoo,w = 62 f 0.7 S as the sedimentation 
constant of T4 DNA (Gray and Hearst, 
1968) and applying Burgi and Hershey’s 
(1963) approximative relationship, the s~g,W 
of HVS DNA was calculated to be 58 f 
1.5 S. For herpes simplex type 2 DNA, a 
value of 59 f 1.5 S resulted. 

Density Centrifugation of Prepuri$ed Viral 
DNA 

The HVS DNA-containing peak fractions 
of the sucrose-SDS gradient were used for 
further density analysis. In all of 17 experi- 
ments, the HVS DNA banded over a broad 
density range in cesium chloride gradients 
(Fig. 3A). About 60% of the total radio- 



Herpesvirus saimiri DNA 59 

10 20 30 40 10 20 

Fraction num bcr Fraction nun, her  

FIG. 3. Cesinm chloride density centrifugation of prepurified HVS DNA. (A) After centrifugation of 
3H-thymidine-labeled DNA for 60 hr at 39,000 rpm in a fixed-angle rotor, two clearly separated peaks 
appeared at 1.729 g/ml (H fragment) and 1.694 g/ml (L fragment). (B) Nonlabeled HVS DNA, deter- 
mined by its optical density (O-O), was hybridized fractionwise with SH-labeled L-DNA. Hybridiza- 
tion rates are given by cross-hybridization between L and H fragments. 

activity banded at a density of 1.694 g/ml. 
A second smaller peak, representing about 
20% of the radioactivity, was found at a 
considerably higher density. The buoyant 
density of this heavier DNA species derived 
from HVS was determined to be 1.729 f 
0.002 g/ml at 25” by recentrifugation with 
14C-thymidine labeled herpes simplex type 1 
DNA and DNA from Micrococcus lyso- 
deikticus and Vero cells. 

The DNA of both peaks was resistant to 
digestion with single strand-specific Sl- 
nuclease, but it was digested after heat de- 
naturation prior to Sl-nuclease treatment 
(Table 1). 

Following the equation given by Schild- 
kraut et al. (1962), the heavy (H) HVS 
DNA (1.729 g/ml) has a base composition 
of 70yo cytosine and guanine (C + G) 
whereas the light (1;) one (1.694 g/ml) con- 
tains 35% C + G. Hence it can be expected 
that t,he L portion of 3H-thymidine-labeled 
HVS DNA may have a 2.2.fold higher 
specific activity than the H portion. This 
should indicate that the H portion consti- 
tutes about 42yo of the total HVS genome, 
the L portion about 58% of it. 

In some experiments a shoulder within the 
radioactivity profile appeared between the 
two characteristic peaks at a density of 
about 1.709 g/ml (Fig. 3A). 

TABLE 1 
TREATMENT OF THE HEAVY (H) AND LIGHT (L) 

FRAGMENT OF HVS-DNA WITH SINGLE-STRAND- 
SPECIFIC Sl NUCLEASE 

TCA-precipitable dpm 
H fragment L fragment 

Native DNA 
Heat-denatured DNA 
Controls without Sl 

nuclease 

2075 845 
91 33 

2175 907 

Hybridization Studies with Light and Heavy 
HVS DNA 

Radioactive HVS DNA of the L and H 
density peaks was tested for homology to 
cellular DNA by molecular hybridization. 
Representative 3H-HVS DNA fractions were 
incubated with 50 pg DNA which was ex- 
tracted from uninfected OMK cells and 
immobilized on membrane filters. No sig- 
nificant hybridization with cellular DNA 
was seen (Table 2). However, high hybridi- 
zation ratios (up to 22yo) were obtained 
with DNA extracted from HVS-infected 
OMK and Vero cells. 

DNA from nonradioactive virions was 
purified by sedimentation in sucrose-SDS 
gradients and centrifuged to equilibrium in 
cesium chloride. By measuring the optical 
density at 260 nm, the H port,ion constituted 
42% of the total HVS genome, the L portion 
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TABLE 2 

HYBRIDIZATIOS OF HVS-DNA FRAGMENTS WITH DNA FROM VIRUS-INFKCTED AXI) UNIXFIXTKD C~;I.LS~ 
___. 

Fragment Fraction dnm added DNA source 
Fig. 3 A -__ ~- 

HVS-infected HVS-infected Uninfected 
OMK cells Vero cells OMK- cells 

Heavy (H) HVS-DNA 18 12,800 23.670 8. 1’; 0.5 xt 0.3% 
Intermediate 28 22,506 21.49;; - 0.7 
Light (L) HVS-DNA 31 13,220 22.3% 12.9% 1.5 f 0.570 

33 15,600 18.9% 10.7% 0.5 ztz 0.05% 
34 38,000 23.2% 7.5% 0.8 rt 0.3% 
36 61,000 12.8% - 0.4% 

a Herpesvirus saimiri DNA was purified by sedimentation in neutral sucrose-SDS gradients and 
banded over a broad density range in CsCl (Fig. 3A). Representative DNA samples of each density were 
annealed with 50 rg of cold DNA extracted from HVS-infected Vero and OMK cells, but not from unin- 
fected cells. Hybridization efficiency (%) = dpm bound to filters/dpm added to reaction mixture X 100. 

58% (Fig. 3B). The DNA of each fraction TABLE 3 
was dialyzed against 0.1 X SSC, immobi- HYBRIDIZATION OF HVS-SPECIFIC cRNA WITH 
lized on filters, and hybridized with 3H- DNA FROM VIRUS-INFECTED AND 

thymidine labeled L-DNA. The H and L UNINFECTED CELLEP 

portions of the HVS genome did not cross- 
hybridize (Fig. 3B). 

Hybridization Studies with cRLVA Tran- 
scribed from Light and Heavy HVS DNA 

DNA from 

I 
Virus 
strain 

OMK cell line 

To analyze in more detail the specificity 
of the annealing reactions with HVS DNA, 
cRNA-DNA hybridizations were carried 
out. The low yield of HVS DNA did not 
permit a continuation of DNA-DNA hy- 
bridizations on a larger scale. The cRNA 
derived from both HVS-DNA portions 
hybridized to about 20-50yo of the input 
with 50 pg of DNA derived from HVS- 
infected OMK cells. This was independent 
of virus strains and cell lines used (Table 3). 
The hybridization efficiencies with DNA 
from uninfected monolayer cells were 0.4- 
1.7% (Table 3). 

L-DNA specific cRNA was also annealed 
with fragments of purified nonradioactive 
HVS DNA. It hybridized almost exclusively 
with DNA banding at 1.694 g/ml (Table 4). 

Density Centrifugation of Nonsheared DNA 

To prove that H and L portions are parts 
of a single, formerly unique molecule, 3H- 
thymidine labeled virus concentrates were 
lysed directly on top of cesium chloride 
solutions with 2y0 sarkosyl prior to equi- 
librium centrifugation. Under these condi- 

s 295 c 
E 940 F 
E 515 I 
11 
s 295 c 
E 940 F 
E 515 I 
11 

- 

- -. 
a Your HVS-strains were propagated each on 

two OMK cell lines. Fifty micrograms of cold 
DNA, extracted from the tissue cultures, was 
hybridized with cRNA transcribed from the light 
(L) and heavy (H) fragments of HVS DNA. Hy- 
bridization efficiency (%) = dpm bound to filters/ 
dpm added for reaction mixture X 100. 

H-cRNA, 
15,900 dpm 

OMK-VZ 

OMK S 595K 

OMK-VZ 
OMK-S 595K 

29.4 
23.3 
36.3 
26.8 
23.8 
24.0 
18.6 

24.1 

30.4 
39.7 
50.8 
37.0 
43.1 
50.2 
47.2 
40.3 

1.0 1.7 
0.4 1.6 

L-cRNA, 
23,500 

jprn mput 
(%I 

tions, most radioactivity banded at a den- 
sity of 1.709 g/ml, obviously corresponding 
to the mean density of the intact HVS-DNA 
molecule (Fig. 4A). Nevertheless, in these 
experiments also, the formation of H and L 
fragments could not be avoided. H-DNA 
appeared as distinct peak at 1.729 g/ml, 
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FIG. 4. (A) Density gradient centrifugation of nonsheared HVS-DNA. Partially purified virus was 
lysed with 2% sarkosyl on top of a 1.7 g/ml cesium chloride solution prior to centrifugation. A maximum 
of nonsheared DNA appeared at 1.709 g/ml. H fragments formed a peak at 1.729 g/ml; L fragments, a 
shoulder at 1.694 g/ml. The DNA in fractions 21 and 22 was sheared and recentrifuged. (B) The frag- 
ments banded over a broad density range with two maxima at the sites characteristic for L- and H-DNA. 

TABLE 4 

HYBRIDIZATION OF L-STRAND cRNA WITH THE 
HVS-DNA OF DIFFERENT DENSITIEP 

H strand, Intermediate L strand, 
1.729 g/ml 1.694 g/ml 

0.5% 2.5% 16.1% 

a DNA of nonlabeled HVS-virions, purified by 
neutral sucrose gradient sedimentation and frac- 
tionated by cesium chloride density centrifuga- 
tion, was hybridized with cRNA transcribed from 
the L fragment of HVS-DNA. There is no indica- 
tion for significant cross-hybridization between H 
and L strands. Input, 20,000 dpm; hybridization 
efficiency (%) = dpm bound to filters/dpm added 
to reaction mixture X 100. 

and the L strands formed a shoulder in the 
radioactivity profile as indicated in Fig. 4A. 

Intact DNA which banded at 1.709 g/ml 
was sheared by repetitive squirting through 
a pipette tip. The breakdown products 
were again subjected to equilibrium cen- 
trifugation in cesium chloride. They banded 
over a broad density range with two maxima 
at the sites typical for L and H fragments 
(Fig. 4B). 

DISCUSSION 

In our hands, approximately 5 liters of 
OMK tissue cultures were needed to purify 
1 pg H-HVS DNA. Owing to this low yield, 
only two methods seemed to be suited to 
calculate the molecular weight of HVS DNA. 

1. Becker et al. (1968) determined the 
molecular weight of herpes simplex type 1 
DNA by using the Kleinschmidt technique 
of direct length measurement in the elec- 
tron microscope. There are several problems 
connected with this method, since some 
factors, e.g., ionic strength, single-strand 
breakages, and C + G content, affect the 
DNA mass per unit length (Freifelder, 1970). 

2. The accuracy of DNA molecular 
weight determination by zone sedimentation 
in the preparative ultracentrifuge hinges on 
the absolute measurement of the size of a 
useful internal marker molecule. T4 phage 
DNA molecular weight has been absolutely 
measured in the analytical ultracentrifuge 
by sedimentat,ion equilibrium centrifugation 
in a density gradient and found to be 113.5 
X lo6 daltons (Schmid and Hearst, 1969; 
Freifelder, 1970). Dublin et al. (1970) cal- 
culated 105.7 X lo6 daltons from phosphorus 
and nitrogen content of T4 phage (Bancroft 
and Freifelder, 1970). Its total molecular 
weight was determined by optical mixing 
spectroscopy. Therefore, T4 DNA, approx- 
imating the molecular weight of DNA of 
herpesviruses, served as an internal marker 
for zone sedimentation of herpes simplex 
virus DNA in a neutral sucrose gradient 
(Kieff e2 al., 1971). 

We also used the zone sedimentation with 
T4 marker DNA and found for HVS DNA 
an s.$,~, of 58 f 1.5 S. Using Freifelder’s 
equation XJ& = M1/M20.38, the appropriate 
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molecular weight of HVS DNA is calculated 
to be 91 =t 5 X lo6 daltons, if we supposed 
110 X lo6 daltons for T4 DNA. 

In our system herpes simplex virus type 2 
DNA showed the same sedimentation be- 
havior as described by Kieff et al. (1971), 
corresponding to 99 f 5 X lo6 daltons 
(Kieff et al., 1971; Frenkel and Roizman, 
1971). 

Purified HVS DNA appeared as a mixture 
of DNA portions banding at two different 
buoyant densities in cesium chloride gra- 
dients. The lighter (L) peak banded at 
1.694 g/ml, the heavier (H) at 1.729 f 
0.002 g/ml by using three DNA markers of 
known densities. The latter value corre- 
sponds to the one reported by Goodheart 
(1970), who investigated the DNA of HVS- 
infected cells in the analytical ultracentri- 
fuge. This author did not describe the lighter 
(L) DNA, since it was most probably hidden 
in an excess of cellular DNA. 

L-DNA is not cellular, since it does not 
hybridize with DNA from uninfected cells. 
Upon labeling with 3H-thymidine, its spe- 
cific activity is characteristic for viral DNA, 
being 20-fold higher than for cellular DNA. 
It is more d&cult, however, to prove that 
L-DNA does not represent DNA of myco- 
plasms (PPLO) or that it is not contami- 
nated with PPLO-DNA. There exist a large 
number of mycoplasma species possibly 
contaminating tissue cultures and virus 
stocks, and no evidence has been presented 
for cross hybridization of their DNAs. 
Therefore hybridizations with a particular 
PPLO-DNA can not solve this problem. A 
contamination of the HVS-DNA used in 
these tests with mycoplasma DNA is un- 
likely, however, for the following reasons: 

1. Cell lines and virus stocks were con- 
trolled independently in different labora- 
tories by mycoplasma isolation procedures 
and found to be negative. Since these meth- 
ods are not reliable enough, the cultures 
were routinely examined by orcein staining 
(Fogh and Fogh, 1964) and by a slight 
modification of the uridine phosphorylase 
assay which was described by Levine (1972) 
and considered by the author to be the most 
sensitive PPLO-detection method. All tests 
gave negative results. 

2. The two typical peaks of HVS-DNA 

were independent of virus strain and cell 
line used prior to DNA purificat,ion. 

3. cRNA transcribed separately from H- 
and L-DNA showed no significant hybridi- 
zation with DNA from uninfected cells. It 
reassociated, however, to a high extent with 
DNA from tissue cultures which were in- 
fected with HVS strains of various origins. 

4. Electron micrographs of viral material 
banding after sedimentation velocity cen- 
trifugation showed no indication of PPLO 
contamination. 

5. Mock infected OMK-cells as well as 
HVS-infected, but nonpermissive, BHK 
cells were labeled with 3H-thymidine. In 
addition, HVS-infected OMK-cells were 
treated with 3H-uridine. The cultures were 
processed analogously to the virus purifica- 
tion methods. In none of these experiments 
were viruslike radioactivity peaks obtained. 

6. Mycoplasma laidtawii, a possible con- 
taminant, was cultured in suspension, con- 
centrated, and tested for its sedimentation 
behavior; it was found to be separable from 
herpesviruses. 

7. The radioactive profile of HVS-DNA 
in cesium chloride gradients was uniform 
and the ratio of L-DNA to H-DNA was 
independent of the preceding virus purifica- 
tion method. 

8. Owing to its higher adenine plus thy- 
mine content, the specific activity of 3H- 
thymidine labeled L-DNA is 2.2 times higher 
than that of H-DNA; this ratio must be 
expected if both DNAs are synthesized 
from one intracellular nucleotide pool. 

Shearing of HVS-DNA which previously 
banded at 1.709 g/ml yielded fragments 
banding as L and H portions at different 
densities. Therefore, we assume that the 
HVS genome breaks by most manipulations 
in two double-stranded DNA fragments. 
One, 42yo of the parental molecule, has a 
base composition of 7Ooj, C + G, and the 
other one, 58% of the parental molecule, 
has 35yo C + G content. A similar phe- 
nomenon has been observed by density 
centrifugations of murine cytomegalovirus 
DNA (Plummer et al., 1969; Mosmann and 
Hudson, 1973). 

DNA-DNA-annealing studies did not re- 
veal significant cross hybridization between 
the two DNA species. Even if there exists a 
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small piece of 3H-L-DNA hybridizing with 
H-DNA, which escapes detection by this 
method, it must represent less than 2% of 
the L fragment. Therefore, the fragmenta- 
tion of the HVS genome to the H and L 
fragment takes place within a small cir- 
cumscribed region of the molecule. 

If the H and L fragments share any se- 
quences close to the breakage region, they 
are not transcribed tin vitro by E. coli polym- 
erase. 

Preferential breakage points were reported 
by Hershey and Burgi (1962) for nicked 
DNA of phage T5. Bicff et al. (1971) and 
Frenkel and Roizman (1972) described 
specific nicks in the DNA of herpes simplex 
virus. Our results suggest that the HVS 
genome has a single preferential breakage 
point between the H and the L portion. 

The specific fragmentation of Herpesvirus 
saimiri DNA and the achieved separation 
of the fragments provide useful tools in 
studying HVS-host cell interactions at the 
genetic level and in examining the role of 
the specific fragments in malignant trans- 
formation. 
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