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Summary. — The level of the Epstein-Barr virus (EBV)-deter- 
mined nuclear antigen (EBNA-1) encoded by the fíam HI-K 
fragment of EBV DNA remained unchanged in P3HR-1 cells 
after induction of the productive cycle of virus replication by 
sodium -n-butyrate and 12-o-tetradecanoylphorbol-13-acetate 
(TPA). This was shown by the same capacity of cell-free extracts 
from untreated and treated P3HR-1 cells to absorb anti-EBNA-1 
antibody from a known human serum.
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Epstein-Barr virus (EBV) is capable of immortalizing В lymphocytes 
both in vivo (Gerber et al., 1969) and in vitro (Miller et al., 1971). The immor­
talized cells always contain EBV DNA (Adams, 1979) and express latent 
membrane antigen (Moss et al., 1981) and the proteins of the EBV-determined 
nuclear antigen complex (EBNA complex) (Kallin et al., 1986). In some cell 
lines, so-called virus producers, a certain proportion of cells spontaneously 
express also the early antigen (EA) and the viral capsid antigen (VCA) 
(Miller and Lipman, 1973; Hinuma and Grace, 1967).

Two of the EBNA complex components, EBNA-1 and EBNA-2, have 
been studied extensively. EBNA-1, encoded by the Bam HI-K fragment 
of EBV DNA (Summers et al., 1981) is required in trans for maintaining 
EBV genomes in the form of intracellularly replicating plasmids (Yates 
et al., 1985). EBNA-2 is coded for by the Bam Hl-YH region of B95-8 EBV 
DNA (Dillner et al., 1985) and seems to be important for the establishment 
of cell immortality but not for its maintenance. This conclusion is mainly 
based on its absence from P3HR-1 cells, which produce transformation- 
-defective virus that has the particular DNA region deleted (Rowe et al., 
1985).

Until recently, the EB virus-determined nuclear antigens have been 
studied as a complex. Newly developed tools provide a means of exploring 
their behavior separately. In the present work we studied EBNA-1 expression
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after induction of the productive virus cycle. We expected to obtain some 
information as to whether this virus-genome product is a factor of negative 
or positive regulation.

The virus-producer Burkitt lymphoma (BL) P3HR-1 cell line (Hinuma and Grace, 1967) 
and the EBV-negative BL cell line Ramos (Klein et al., 1975), cultivated as described elsewhere 
(Vonka et al., 1972), were used troughout. Entry of P3HR-1 cells into the productive virus cycle 
was enhanced by cultivating them in a growth medium containing 3 mmol/1 n-butyrate and 
20 ng/ml of 12-o-tetradecanoylphorbol-13 acetate (Anisimová et al., 1984). Untreated P3HR-1 
cells and both untreated and drug-treated Ramos cells were used as controls. On day 3 after the 
addition of inducers samples were withdrawn to determine the number of cells containing EA 
and VCA on acetone-fixed smears by the indirect immunofluorescence technique (Henle and 
Henle, I960). The remaining cells were pelleted, washed twice with 150 mmol/1 NaCl. 10 mmol/1 
Tris-HCl, pH 7.4. and 1 mmol/1 EDTA, and frozen at — 70 °C for at least 48 hours. The pellets 
were then resuspended in 1 mmol/1 NaCl, 10 mmol/1 Tris-HCl, pH 7.4, and 1 mmol/1 EDTA and 
centrifuged at 30,000 rev/minin rotor 50 Ti, Beckman ultracentrifuge L5-65, for 1 hr. Supernatants 
from all samples were adjusted to the same protein concentration. The content of EBNA-1 in 
the samples was determined by their capacity to absorb anti-EBNA-1 antibody from a human 
serum of known anti-říBNA-1 titre. In the test, 0.1 ml volumes of two-fold dilutions of cell-free 
extracts were mixed with 0.1 ml of serum diluted 1 : 100 and incubated 1 hr at 37 °C. After this 
the amount of free antibody was determined by the ELISA using the synthetic peptide as an 
antigen. The composition of buffers and the ELISA procedure were described elsewhere (Vester- 
gaard et al.> 1977). The peptide corresponding to the glv-ala-rich region of EBNA-1 (Rhodes et al.- 
1985) was synthesized by the solid phase technique (Merrifield. 1963) and before use was con­
jugated to bovine serum albumin (BSA). Specific reactivity of the conjugate with EBNA-1 
antibody was verified by pretesting it against the panel of both positive and negative sera (results 
not shown). Micro ELISA plates (Dynatech) were coated with 2 pg of the conjugate/well. Free 
binding sites in the plates were blocked by 1 % BSA. The peptide was then reacted with sorbed 
samples of the human serum and reaction intensity was monitorod using swine anti-human IgG 
conjugated with horse-radish peroxidase (Sevac, Prague).

Untreated virus-producer P3HR-1 cells spontaneously expressed EA and 
VCA in 2.7 per cent of the cell population. On daj^ 3 after the addition of 
n-butyrate and TPA the proportion of antigen-positive P3HR-1 cells in­
creased to 28.4 per cent. No EA and VCA was detected in untreated or drug- 
-treated BV-negative Ramos cells. As shown in Fig. 1, extracts from P3HR-1 
were able to bind effectively anti-EBNA-1 antibody, reducing the amount of 
antibody available for reaction with EBNA-1 peptide. The efficiency of 
absorbtion decreased with the increasing dilution of cell extracts, but was 
the same for both untreated and drug-induced cells. Similarly treated 
EBV-negative Ramos cells did not exhibit any reactivity with anti-EBNA-1 
antibody. These reáults indicate that the concentration of EBNA-1 in 
P3HR-1 cells was not influenced by the entry of a significant proportion 
of the cells into the productive virus cycle.

Boguszaková et al. (1983) studied EBNA expression, after the induction 
of productive virus cycle, using complement fixation (CF) and anticomple­
ment immunofluorescence (ACIF); i.e., they measured the expression of the 
whole EBNA complex. On the third day after the addition of butyrate and 
TPA the CF activity per 108 cells decreased by about 30 per cent in both 
Raji and P3HR-1 cells and the number of ACIF-positive Raji cells also 
dropped. This decrease was, however, less marked or undetectable when the 
activity was normalized to a unit protein weight. The authors conclude that 
EBNA, unlike the SV-40 virus large T antigen (Tijan, 1981), is not essential



SHORT COMMUNICATIONS 351

1.0-1

• in- ••
Adsorption capacity of cell free extracts 
from untreated and drug-treated P3HR-1 

cells and Ramos cells 
Unadsorbed antibodies were measured by 
ELISA using a synthetic peptide as 
an antigen.
Untreated P3HR-1 cells *
Drug -1 reated P3HR -1 cells О 
Untreated Ramos cells 
Drug-treated Ramos cells 
Abscissa: Logs dilution of cell-free ex­
tracts: ordinate: The amount of unadsor­
bed EBNA-1 antibody (extinction at 
490 nm)

in the course of EBV lytic growth cycle. Our finding that the content of 
EBNA-1 remained unaltered during the productive virus cycle is in line 
with this conclusion so far as this particular EBNA subcomponent is 
concerned.
Weigel et al. (1985), using immunoblotting for separate EBNA-1 detection, 

also report that the polypeptide was expressed with unchanged abundance 
after induction of the superinducible HR-1 cell clone, X50-7 cells, and Raji 
cells. The same was true for EBNA-1 m-RNA. That the role of EBNA-1 
is inessential in lytic virus growth is further more evidenced by the results 
of Volsky et al. (1981) and Shapiro et al. (1982): experimental EBV infection 
of some naturally EBV-insusceptible cells resulted in productive virus 
replication without any detectable EBNA synthesis.

It is believed that EBNA-1 is needed in trans for the maintenance of the 
EBV genome in the form of replicating plasmid in latently infected cells 
(Yates et al., 1985). This function is mediated by its interaction with a spe­
cific sequence of the EBV genome (Reisman et al., 1985). Recent results 
suggest that the function is not required for the replication of virus progeny 
DNA. As EBNA-1 is however, constitutively expressed during the lytic 
cycle of the virus, the question remains open whether it plays any other 
regulatory role in this cycle or is expressed “in vain’’.
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