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Epstein-Barr Viral DNA: Infectivity for Human Placental Cells 

Abstract. Purified D N A  of Epstein-Burr virus (EBVJ is regularly infectious by 
means of the "calcium" method of transfection. Cultured human placental cells 
exposed to EBV D N A  of two transforming strains, FF41 and B95, produce virus that 
is capable of converting normal B lymphocytes into established cell lines. After 
treatment with EBV (FF41) D N A  and EBV (HR-1) DNA the placental cells display 
antigens associated with the productive viral cycle. The placental cells have not 
developed foci or other signs of morphologic transformation. 
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herpes simplex virus,  B K  virus, and  
SV40. Fur thermore ,  human placental 
cells are  effective feeder  cells fo r  EBV-  
transformed neonatal  human lympho- 
cytes ,  and increase plating efficiency by  
a factor of 10' (8). I n  ou r  first experi- 
ments ,  the  placental cells were  transfect- 
ed  with E B V  D N A ;  4 hours  later they 
were  cocultivated with human umbilical 
cord leukocytes.  I n  six consecutive ex-  
periments continuous lymphoblastoid 
cell lines appeared f rom 29 t o  55 days  
after exposure  of the  placental cells t o  1 
p,g of E B V  (FF41) D N A .  Cell lines failed 
to  form when the  transfecting mixture 
contained 100 ng or 10 ng of  viral D N A  
o r  when only calf thymus D N A  w a s  
present.  T w o  different batches of FF41  
D N A  were  infectious by  this assay;  in 
one  experiment D N A  from the  B95-8 
strain also proved infectious (Table 1). 
Incubation of  FF41  D N A  with the  re- 
striction endonucleases Sal I ,  Eco RI ,  
Bam H I ,  Hind 111, or X b a  I eliminated 
transformation. 

Lymphoblastoid cell lines that were  
derived in the  transfection sys tem,  like 
lines established in parallel by  exposure  
to  intact virus,  contained the  E B V  
genome and expressed markers  charac- 
teristic of B cells (Table 1). All the cells 
in every  line were  positive for  E B V  
nuclear antigen; t he  lines lacked viral 
capsid antigen. There  were  between one  
and three E B V  D N A  copies per  cell in 
lines FF366-3 and FF407-219, deter- 
mined b y  the  nucleic acid spot  hybridiza- 
tion method (9). Neither of these  t w o  
lines spontaneously released infectious 
E B V ,  nor  could virus be recovered by  
the  x-ray cocultivation technique (10). 
All the  lines established in the  transfec- 
tion sys tem had receptors for  comple- 
ment and contained surface and  cyto- 
plasmic immunoglobulins (Table 1). 
Only the  p. class of immunoglobulin 
heavy chains w a s  present ,  bu t  both  A and  
K light chains were  found.  Four  lines that 
expressed only o n e  type of light chain 
may b e  derived f rom a single trans- 
formed cell. Three  lines contained both 
light chains and  a re  thus  a mixture of 
cells representing several initial transfor- 
mation events.  

A t  this point the  da ta  suggested sever- 
a l  hypotheses t o  explain the  origin of the  
lymphoblastoid cell lines. O n e  was  that 
the  lymphocytes had been directly trans- 
fected by  E B V  D N A  scavenged f rom the  
surface of  the placental cells where  D N A  
had remained adherent.  Another  hypoth- 
esis was  that E B V  D N A  replicated in the  
cultured placental cells and  produced 
mature  virus that was  then transferred t o  
the cocultivated lymphocytes.  Such  vi- 
rus  might b e  transferred t o  the  lympho- 
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cytes f rom the  placental cells in cell-free cells, and thus mirrored the  tropism of  
form or by  means  of  cell-to-cell contact  intact virus. Subsequent  work  demon-  
or cell fusion. In  favor  of the  idea that strated that virus replicated in the  pla- 
virus was  responsible fo r  the  formation cental  cells exposed t o  E B V  D N A .  
of the  lymphoid lines in the  cocultivation Tha t  the  placental cells were  required 
system w a s  the  observation that  all the for  successful transfection was  evident 
established lymphocyte lines were  B f rom o u r  inability t o  establish lymphoid 

Table 1. Immunoglobulin synthesis by lymphoblastoid cell lines derived by cocultivation of 
HUCL and human placental cells exposed to EBV DNA. The EBV DNA was prepared from 
virions harvested from the medium of the B95-8 and FF41 marmoset lines (12). We isolated 
FF41 DNA using polyethylene glycol to concentrate the virus, and deoxyribonuclease to digest 
cellular DNA outside the virions. Virions were disrupted in 1 percent sarkosyl and proteinase K 
and the viral DNA was isolated by separation in two consecutive CsCl equilibrium gradients. 
The DNA was located in the gradients by spotting portions on DEAE paper (diethylaminoethyl 
cellulose) and staining with ethidium bromide (13). To test for the infectivity of EBV DNA we 
used the calcium technique of Graham and van der Eb (14). The EBV DNA (1 pg) was added to 
Hepes-buffered saline (HeBS; NaC1, 0.2M; KC], 0.05M; Na2HP04, 0.007M; dextrose, 0.055M; 
Hepes, 0.21M), pH 7.05, containing 125 mM CaC12, and 5 pg of calf thymus DNA in a 500-p1 
volume. The mixture was held at room temperature for 30 minutes and then added to a 1- to 6- 
day-old monolayer of a strain of cultured human placental cells in a 60-mm petri dish 
(approximately 106 cells per dish). The placental cell strain FF260 was used in passages 10 
through 12. After 4 hours at 37OC, the placental cells were washed with Eagle's minimum 
essential medium (MEME) and treated with 25 percent glucose in HeBS for 4 minutes; then the 
monolayers were washed once with MEME containing 10 percent fetal bovine serum. Mixed 
mononuclear leukocytes from umbilical cord blood were prepared 1 to 6 days previously by 
Ficoll hypaque separation, and cultured in RPMI-1640 medium with 20 percent fetal calf serum. 
They were resuspended in MEME with 10 percent fetal calf serum and added to the transfected 
human placental cells at a concentration of 2 x 106 per milliliter. The cocultures were 
incubated in a C 0 2  atmosphere for 7 to 10 days at which time the leukocytes were removed and 
placed in a flask containing either a passage of the human placental cells originally transfected 
or fresh, untreated placental cells. Controls, consisting of placental cells mock-transfected with 
a mixture lacking EBV DNA were always included. When cell lines had been established they 
were thereafter passaged free of the placental cell feeder layer. They were examined for EBV 
nuclear antigen by an immunofluorescent antibody technique with the addition of complement. 
Lymphocytes were tested for surface markers by rosette formation with sheep erythrocytes 
coated with antibody and complement. The presence of surface and intracytoplasmic immuno- 
globulin was detected by indirect immunofluorescence with specific antibodies directed against 
individual human heavy and light chains, purchased from Dako-Accurate. 

Transforming agent immunoglobulin 

Cell line Virus Surface Cytoplasmic 

Strain or 
DNA K h I* K h 

DNA 
DNA 
DNA 
Virus 
DNA 
DNA 
Virus 
DNA 
DNA 

Table 2. Demonstration of transforming activ- 
ity in supernatant fluids from human placen- 
tal cell cultures transfected with EBV DNA. 
Human placental cells were transfected with 1 
pg of EBV (FF41) DNA under conditions 
described in the legend for Table 1. A portion 
of medium was removed daily from the cul- 
ture dish and 0.1 ml of portion was tested 
without further centrifugation or filtration for 
transforming activity on a 1.0-ml culture of 
human lymphocytes (trial 1). Therefore, the 
assay cells were of increasing age in vitro as 
the experiment progressed. The remainder of 
.he medium was stored frozen at -70°C and 
portions from day 1 through day 50 were 
tested on a second batch of neonatal human 
lymphocytes aged 1 day in vitro (trial 2). In 
trial 1, lymphocyte transformation was first 
noted 59 days after addition of fluids; in trial 
2, transformation was evident after 20 days. 

Day Transforming activity 
fluid present 
har- 

vested Trial 1 Trial 2 



lines from leukocytes exposed to the 
same batches and amounts of EBV DNA 
and cultured thereafter in the absence of 
feeder cells. However, since primary 
umbilical cord leukocytes are readily 
transformed in the absence of a feeder 
system when the transforming agent is 
virus rather than DNA, we performed 
the following experiment. We added 
EBV DNA to a culture dish of human 
placental cells and periodically removed 
a portion of the supernatant fluid to test 
for transforming activity on umbilical 
cord leukocytes without placental feeder 
cells (Table 2). In two trials, transform- 
ing activity was initially absent and be- 
came evident 2 days after exposure of 
placental cells to EBV DNA. Transform- 
ing activity continued to be detected at 
least up to 16 days after exposure of 
placental cells to EBV (FF41) DNA. 

This experiment suggested that EBV 

replicated in the placental cells; there- 
fore, we tested the placental cells trans- 
fected with EBV DNA for viral antigens. 
Both early antigen and viral capsid anti- 
gen were seen (Fig. 1) (Za, 11). No 
positive cells were observed when the 
smears were reacted with human serum 
lacking EBV antibody, nor were antigen- 
positive cells seen in placental cells 
treated only with' carrier calf thymus 
DNA. Incubation of EBV DNA with de- 
oxyribonuclease (20 pg/ml) destroyed its 
ability to induce antigens. Estimates of 
the efficiency of antigen induction fol- 
lowing transfection with EBV DNA are 
shown in Table 3. 

To test the notion that human placen- 
tal cells are susceptible to intact virus, 
we inoculated such cells with lo5 infec- 
tious units of either FF41 or HR-I EBV. 
Virus was added directly in medium as 
well as under conditions used for trans- 

Table 3. Estimated efficiency of induction of early antigen, viral capsid antigen, and transform- 
ing virus in human placental cells exposed to EBV DNA. The conditions of transfection are 
described in the legend for Table 1. Human placental cells were exposed to serial dilutions that 
contained between 1 pg and I ng of DNA from each of two strains. After % hours about 30,000 
cells were spread with a cytocentrifuge and examined for early antigen and viral capsid antigen 
by indirect immunofluorescence with human antiserums. The antigen-inducing titer is calculat- 
ed from the lowest DNA dilution that gave a positive result and is corrected for the total number 
of cells that were exposed to DNA. 

Early antigen- Viral capsid Lymphocyte- 
inducing units antigen-induc- transforming 

Strain per microgram ing units per micro- units per micro- 
of DNA gram of DNA gram of DNA 

-- 

HR- I 6 x 10' 9 x lo2 Negative 
FF4 1 1.2 x 10" 1 x 10' < 10 

.- 

Fig. I. Early antigen expression in cultured human placental cells exposed to EBV DNA. 
Human placental cells in a 60-mm petri dish were exposed to EBV (FF41) DNA in a Capo4 
precipitate, as described in the legend for Table I .  After 4 days of incubation at 37°C the cells 
were dispersed with a mixture of trypsin and EDTA. and the cell spreads prepared with a 
cytocentrifuge were fixed in acetone. They were tested for early antigen with a pool of human 
antibody to EBV (dilution 1:320) obtained from two patients with chronic lymphocytic 
leukemia. 

fection with DNA. No cells with antigen 
were observed. 

We have not observed focus formation 
or other cytopathic effects in placental 
cells transfected with EBV DNA, nor 
have we been able to demonstrate "im- 
mortalization" of the placental cells. 

The results provide evidence that 
EBV is able to undergo a full replicative 
cycle in a nonlymphoid cell in culture, 
provided that the barrier to infection of 
that cell is first overcome by transfection 
with DNA. Human placental cells are 
sensitive to DNA of the cytolytic and 
transforming strains and, in the case of 
the latter, progeny virus with intact 
transforming ability is produced. The 
exact nature and origin of the cell in 
these cultures from human placenta 
which supports EBV replication remains 
to be defined. That these cells do not 
themselves seem to become transformed 
or immortalized suggests that EBV 
genes which confer such properties onto 
B lymphocytes might not, for a variety of 
reasons, be operative in other cell types. 
Other cells may not respond to these 
viral functions in the same way or may 
not inhibit expression of certain EBV 
genes that are incompatible with lym- 
phocyte immortalization. The availabil- 
ity of an assay for infectious EBV DNA 
should enable investigators to begin to 
assign biologic functions to various re- 
gions of the genome. 
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and Proline Codons in Yeast 

Abstract. Five ICR-170-induced mutations at the His4 locus in yeast are +I G.C 
(G, guanine; C, cytosine) additions in D N A  regions that contain multiple G C  base 
pairs. These mutations represent both nonsuppressible and suppressible alleles. All 
externally, suppressible frameshift mutations occur in glycine and proline codons t o  
produce the four-base codons GGGU (U, uracil), GGGG, and CCCU. This implies 
that suppression of these four-base codons in yeast, as  in bacteria, involves a four- 
base anticodon or its functional equivalent. Two identical four-base codons (CCCU) 
at widely separate regions within His4 are not suppressed equally. 

Frameshift mutations result from the 
addition or deletion of bases to the DNA 
(I). The most complete information on 
frameshift mutations comes from studies 
on enteric bacteria (2) and their bacterio- 
phages (3). In these systems, planar aro- 
matic hydrocarbons have been shown to 
induce frameshift mutations in regions of 
the DNA that contain sequences of re- 
peated bases. Reversion of frameshift 
mutations can occur by a second, com- 
pensating frameshift within the same 
gene, or by a suppressor mutation in a 
different gene. A class of'compounds, 
the ICR series (4), induces frameshift 
mutations at several different loci in Sal- 
monella typhimurium and Escherichia 
coli (2, 5). Mutations caused by one of 
these compounds, ICR-191, have been 
most extensively characterized in the 
hisD gene of S .  ryphimurium. In this 
gene, ICR-191 causes base additions or 
deletions in monotonous runs of G-C 
base pairs (G, guanine; C, cytosine) (6). 
Two major groups of ICR-191-induced, 
suppressible mutations have been char- 
acterized. One group of mutations gener- 
ates the four-base codon GGGG (code 
for glycine) (7)'and the other group gen- 
erates the four-base codon CCC. (pro- 
line) (8). In most instances the suppres- 
sion results, respectively, from an alter- 
ation in a glycine or a proline transfer 
RNA (tRNA) (9, 10). The suppressor 
mutation at s u p  has been shown conclu- 
sively to involve the mutation of the 
anticodon of the glycl-tRNA from 
CCC + CCCC (9). Suppression by s u p  
is presumed to involve recognition of a 
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four-base glycine codon by the mutant 
tRNA. 

ICR-170 (11) is a powerful mutagen in 
eukaryotes including Drosophila, ascites 
tumor cells, yeast, and other fungal or- 
ganisms (4, 12). Mutations at the his4 
locus of S .  cerevisiae (13) are similar to 
those induced by ICR-191 in bacteria. 
Three groups of ICR-170-induced his4 
mutations were identified on the basis of 
reversion and suppression analysis. 
Group I mutations failed to revert with 
ICR-170 and were not suppressed by 
external suppressors. Group I1 and 
group 111 mutations revert at high fre- 
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quency with ICR-170 and are suppressed 
by external suppressors. Suppressors of 
group I1 mutations fail to suppress group 
111 mutations, and similarly suppressors 
of group 111 mutations fail to suppress 
group I1 mutations. Nineteen ICR-170- 
induced his4 mutations are group I1 and 
two are group 111. One of the suppres- 
sors of group I1 frameshift mutations 
alters the chromatographic behavior of a 
glycyl-tRNA species (13). These early 
studies on the ICR-170-induced muta- 
tions in yeast led to the suggestion that 
ICR-170 was making frameshift muta- 
tions in runs of G or C and that the ICR- 
170-induced suppressors were acting at 
the level of translation to suppress a 
four-base code word. 

We now report the DNA sequence of 
five ICR-170-induced mutations at the 
his4 locus in yeast. One of the mutations, 
his4-506, is representative of the non- 
suppressible group I mutations. Four of 
the mutations, two from group 11, his4-38 
and his4-519, and two from group 111, 
his4-712 and his4-713, are representative 
of the two mutually exclusive classes of 
suppressible mutations. The DNA se- 
quence data show conclusively that ICR- 
170 causes frameshift mutations in G C  
regions of yeast DNA. 

ICR-170-induced mutations at the his4 
locus were cloned by the "integration 
and excision" method (14). Haploid 
yeast strains were genetically construct- 
ed to contain the ICR-170-induced muta- 
tion, as well as the ura3 mutation ura3- 
52. Strains were transformed with a 
pBR322 plasmid containing a functional 
ura3 gene and the proximal Eco RI re- 
striction fragment from the h i d  locus 
(15), selecting for the Uraf phenotype. 
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