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The effect of 5'-triphosphate of acyclovir (ACV) on DNA polymerases of two human herpes- 
viruses, herpes simplex virus type-1 (HSV-1) and Epstein-Barr virus (EBV) as well as human cellular 
DNA polymerases a and/3 has been examined. Of the enzymes tested, HSV-1 DNA polymerase was 
the most sensitive to inhibition by acyclovir triphosphate (ACVTP). The EBV DNA polymerase and 
DNA polymerase # were less sensitive. ACVTP inhibition was competitive with dGTP with K i values 
of 0.03, 0.15, 9.8 and 11.9 ~M for HSV-1 DNA polymerase, DNA polymerase ~, EBV DNA poly- 
merase and DNA polymerase ~, respectively. Substituting a synthetic primer template (dG)~~s " (dC)n 
for activated DNA template did not alter the pattern of inhibition. In a time course experiment, 
addition of ACVTP instead of dGTP did not increase DNA synthesis and it appeared to act as a chain 
terminator in DNA replication catalyzed by either HSV-1 DNA polymerase or DNA polymerase a. 
Although EBV DNA polymerase was less sensitive to ACVTP inhibition, the nucleoside analog itself 
was inhibitory to EB virus production by P3HR1 cell line as determined by a reduction in the per- 
centage of cells expressing virus capsid antigen (VCA). On day 4, ACV at 10 and 25 ~g/ml reduced 
the cell growth by 10% and 32%, respectively, while it reduced the VCA-positive cells by 80% and 
84%, respectively. These results indicate that inhibition of EBV DNA polymerase activity by ACVTP 
may not be the primary mechanism responsible for ACV inhibition of EBV replication. 

acyclovir DNA polymerases chain termination 

INTRODUCTION 

Considerable progress has been made in recent years toward developing highly potent  

and selective antiviral agents [10, 11].  Among these, 9-(2-hydroxyethoxymethyl)guanine 

(acyclovir, ACV) has emerged as one of  the most promising anti-herpesvirus agents. It 

selectively inhibits in vitro repfication of  herpes simplex virus types 1 and 2 (HSV-1, 

HSV-2), varicella-zoster virus [4] and Epstein-Barr  virus (EBV) [7, 9]. It had, however, 

no effect on cytomegalovirus replication [8]. ACV has been shown to be effective against 

herpesvirus-induced lesions in experimental animals [18, 2 3 - 2 8 ] .  In clinical trials, 

topical application of  ACV was effective against corneal epithelial lesions caused by 

herpes simplex infections [17, 22] .  Parenteral administration of  ACV to cancer patients 
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with cutaneous and/or systemic herpes zoster or herpes simplex infections arrested 
progression of the disease [30]. 

The selective anti-herpesvirus action of ACV may be due to two factors. Firstly, it 
is preferentially phosphorylated by the herpesvirus-encoded thymidine kinase [12, 15] 
and, secondly, the 5'-triphosphate formed in virus-infected cells inhibits the viral DNA 
polymerase more than the host cellular polymerases; in vitro inhibition by ACVTP of 
purified herpesviral and cellular DNA polymerases has been reported [9, 14, 32]; 
moreover, a limited incorporation of the nucleotide analog into replicating DNA 
may prevent further elongation [12, 14]. ACV selectively inhibits the herpesviral DNA 
synthesis in HSV-l-infected cells [20] and in EBV-producing cells [7]; genetic studies 
with HSV mutants resistant to ACV also indicated the possibility of two distinct loci 
responsible for the resistance [6, 13, 29]. To further investigate the mechanism of selec- 
tivity we have examined the effect of ACVTP on the activities of extensively purified 
cellular and herpesviral DNA polymerases. 

MATERIALS AND METHODS 

Cells and viruses 

Human KB cells infected with HSV-1 strain HF were kindly provided by J.C. Drach, 
University of Michigan, Ann Arbor. The culture conditions have been described previously 
[31 ]. P3HR-1 cells, originally derived from a patient with Burkitt's lymphoma were grown 
in RPMI 1640 medium supplemented with 10% calf serum, 100 I.U. penicillin, 100/ag/ml 
streptomycin, and 5 /~g/ml fungizone [33]. This cell line was 8% virus capsid antigen 
(VCA)-positive. 

Cell growth and VCA determination 

P3HR-1 cells were seeded in 75 cm 2 flasks (Corning) at a density of 3.5 × l0 s cells/ml 
with or without ACV (10 and 25/ag/ml). The cell density was determined by counting 
samples in a Coulter cell counter. VCA determination of P3HR-1 cells was kindly per- 
formed by Dr. J. Robinson, Department of Pediatrics and Epidemiology, Yale University, 
using an established procedure [16]. The percentage of VCA-positive cells was deter- 
mined on days 0, 4, and 6. 

Isolation o f  cellular and viral polymerases 

Cellular DNA polymerases a and t3 were purified from leukocytes of a patient with 
acute myelogenous leukemia. HSV-1 DNA polymerase was isolated from human KB cells 
infected with HSV-1 strain HF [31]. EBV DNA polymerase was purified from the 
P3HR-1 cell line. The isolation procedures of the polymerases were published previously 
[1]. 

Chemicals 

All nucleoside triphosphates were purchased from Sigma Chemical Company (St. 
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Louis, MO). (dG)~ls " (dC) n was obtained from P.-L. Biochemicals, Inc. (Milwaukee, 
WI). Tritiated deoxyribonucleoside triphosphates were obtained from the New England 
Nuclear Corp. (Boston, MA) and from the ICN Chemical and Radioisotope Division 
(Irvine, CA). Calf thymus DNA was converted to the activated form by treatment with 
DNase-I. Acyclovir was a gift from Dr. G.B. Elion (Burroughs Wellcome, Chapel Hill, 
NC). ACV was converted to its 5'-triphosphate (ACVTP) using methods described pre- 
viously [2]. Analysis of ACVTP by [31p] NIVlR demonstrated the presence of triphos- 
phate and its [1H]NMR obtained on a Bruker HX-270 spectrometer was consistent 
with its structure. Analysis by high-pressure liquid chromatography on an Altex Model 
332 gradient liquid chromatograph (Partisil SAX column, 0.4 M NaH2PO4 buffer, pH 
3.3; flow rate, 1.5 ml/min) showed a single peak eluting at 48 min. 

DNA polymerase assays 

DNA polymerase a activity was assayed in a 50/al reaction mixture containing 50 mM 
Tris-HCl, pH 8.0, 2 mM dithiothreitol (DTT), 8 mM MgC12,100 tam each of dATP, dCTP 
and dTTP, and 3 - 5  /IM [3H]dGTP (1060 c.p.m./pmol), 10 /.tg activated calf thymus 
DNA, 10-20/sg bovine serum albumin (BSA), 5-10% glycerol and enzyme. Incubation, 
was at 37°C for 30 rain. Acid-insoluble radioactivity was collected on nitrocellulose 
filters (Gelman or Millipore, 0.45 /~m) washed several times using a Millipore filtration 
manifold with 5% trichloroacetic acid containing 2 mM sodium pyrophosphate, once 

with 70% ethanol, dried, and measured in a liquid scintillation counter. 
DNA polymerase /3 activity was assayed under similar conditions except that a pH 

9.0 Tris-HC1 buffer, 50/~M of non-radioactive triphosphates, 20 ttM [3H] dGTP, and 40 
mM KC1 were used. 

The reaction mixture for assaying HSV-1 DNA polymerase activity contained 50 mM 
Tris-HC1, pH 8.3, 2 mM DTT, 4 mM MgC12, 10 taM each of dATP, dCTP and dTTP, 
and 0.5-1.0/IM [3 H]dGTP (4300 c.p.m./pmol), 5/lg activated calf thymus DNA, 50 mM 
ammonium sulfate, 10/lg BSA, 5-10% glycerol and enzyme. Other conditions were similar 

to those described for measuring DNA polymerase a activity. 
EBV DNA polymerase activity was assayed under similar conditions for DNA poly- 

merase a except that 4 mM MgC12,10/~M [3 H] dGTP and 100 mM KC1 were used. 

RESULTS 

Relative sensitivities o f  the different polymerases to ACVTP inhibition 

The effect of ACVTP on the utilization of dGTP by viral and cellular DNA poly- 
merases is illustrated in Fig. 1. The polymerases used in these experiments were purified 
by DNA-cellulose column chromatography and were free of cross-contamination, i.e. 
HSV-1 DNA polymerase was free of polymerase a and vice versa. All enzyme assays were 
performed under conditions optimal for the individual enzymes. The concentrations of 
[3H]dGTP were maintained at 2 - 3  times the K m value for the corresponding enzyme. 
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Fig. 1 shows that the HSV-1 DNA polymerase was the most sensitive among the enzymes 
tested. DNA polymerase/3 and EBV DNA polymerase were less sensitive. The concentra- 
tions of ACVTP required to reduce [3H] dGMP incorporation by 50% of HSV-1 DNA 

polymerase, EBV DNA polymerase, DNA polymerases a and/3 were 0.18, 33, 0.45 and 
40/IM, respectively. We have also examined the effect of ACVTP in assays wherein the 

activated DNA template was replaced with a synthetic primer template, (dG)~ls • (dC) n 
and the results are summarized in Table 1. The inhibitory pattern did not change with 
use of the synthetic primer template. 
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Fig. 1. ACVTP inhibition of DNA polymerases. The polymerase activities were measured by [3H]- 
dGMP incorporation to activated DNA template under assay conditions optimal to the individual 
enzymes. The concentrations of [3H] dGTP used were 2 -  3 times the K m values of the corresponding 
enzymes; the other three triphosphates were in excess. 100% activity of HSV-1 DNA polymerase, 
DNA polymerase a, DNA polymerase ~, and EBV DNA polymerase represents: 10.5 (O), 15.5 (e), 
13.0 (i) ,  and 15.0 (t~) pmol [3 H] dGMP incorporation, respectively. 

TABLE 1 

ACVTP inhibition HSV-1 DNA polymerase activity with activated DNA and (dG)~ls " (dC)n 

Concentration ACVTP (/~M) Template 

Activated DNA (dG)~~s • (dC)n 

0 100 100 

0.25 44 44 
0.5 34 30 
1 32 28 
2 21 22 
4 19 12 

10 4 9 

The reaction mixture with the synthetic primer template contained in a total volume of 50 ~1, 50 mM 
Tris-HCl, pH 8.0, 20 mM sodium fluoride, 2 mM DTT, 50 #g BSA, 4 mM MgC12,2#g (dG)~ls • (dC)n, 
3 t~M [3 H] dGTP and enzyme. Other conditions were similar to those described for assays with ac- 
tivated DNA template. A 100% activity represents 9 -12  pmol [3 H] dGMP incorporation. 
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Kinetics of  A C VTP inhibition 

To investigate further the mode of inhibition of polymerase activity by ACVTP, 
the extent of inhibition with increasing concentrations of the substrate was determined. 
In these assays, [3 H] dGTP was the rate-limiting substrate, while the other three triphos- 

phates were in excess. Lineweaver-Burk plots [21] show that the inhibition was com- 
petitive with dGTP. Figs. 2, 3 and 4 depict the inhibitory pattern of activities of HSV-1 
DNA polymerase, DNA polymerase a and EBV DNA polymerase, respectively. Tile K m 
values for dGTP and the K i values for ACVTP are summarized in Table 2. The K i value 
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Fig. 2. Effect of ACVTP on HSV-1 DNA polymerase reaction in the presence of different concentra- 
tions of [3 H] dGTP. No inhibitor (@); 0.05 #M ACVTP ([]); and 0.25 t~M ACVTP (e). 
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Fig. 3. Effect of ACVTP on DNA polymerase ~ activity in the presence of different concentrations 
of [3 H] dGTP. No inhibitor (O); 0.25 #M ACVTP (e); and 1 #M ACVTP (~). 
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Fig. 4. Effect of ACVTP on the reaction catalyzed by EBV DNA polymerase. No inhibitor (©); 
4 gM ACVTP (e); and 20/~M ACVTP (n). Inset: effect on lower concentrations of [3H] dGTP and 
ACVTP. No inhibitor (o); and 1 I~M ACVTP (e). 

TABLE 2 

Kinetic analysis of ACVTP inhibition of cellular and viral DNA polymerases 

Enzyme K m (dGTP) K i (ACVTP) Km/K i 
(uM) 0~M) 

HSV-1 DNA polymerase 0.15 0.03 5 
EBV DNA polymerase 3.15 9.8 0.32 
DNA polymerase a 1.11 0.15 7.21 
DNA polymerase ~ 7.8 11.9 0.66 

of ACVTP for the HSV-1 DNA polymerase with (dG)~ls  •(dC) n did not change signifi- 

cantly (0.03/~M); however, the K m value of dGTP was about 10 times more (1.38 gtM) 

than that with activated DNA template. Our kinetic values for the inhibitor and the 

competing substrate of EBV DNA polymerase are different from those reported by Datta 

et al. [9]. To further verify our results we have also determined the polymerase activity 

at lower concentrations of dGTP and ACVTP and obtained similar results (Fig. 4, inset). 

Furthermore, we have examined the relative afffmities to dGTP and ACVTP of EBV DNA 

polymerases isolated from three different virus-producing cell lines and the values are 

indistinguishable (data not shown). 
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Effect on in vitro DNA synthesis 

To determine the effect of  ACVTP on DNA synthesis, we performed time course 

experiments with HSV-1 DNA polymerase (Fig. 5). DNA replication was linear up to 150 

min in reaction with all four nucleoside triphosphate substrates. ([3 H]dATP was the 

labelled substrate.) When dGTP was omit ted from the reaction mixture,  DNA synthesis 

was reduced to as low as 10% after 120 min. When dGTP was added at the end of  120 

min, the DNA synthesis increased as expected. However, when ACVTP was added in- 

stead of  dGTP, there was no increase in DNA synthesis. Addit ion of  ACVTP instead 

of  dGTP even in the beginning of  the reaction did not  enhance DNA synthesis. These 

results are consistent with the not ion that ACVTP prevents chain elongation and can be 

a chain terminator.  We obtained identical results with DNA polymerase a (data not pre- 

sented). 

Effect o f  AC V on cell growth and VCA expression by P3HR1 cell line 

Addit ion o f  ACV inhibited cell growth only slightly, whereas it inhibited the per- 

cent of  VCA-positive cells considerably (Table 3). For  instance, on day 4, ACV, at 10 

and 25 #g/ml, reduced the cell growth by  only 10% and 32%, respectively; however, it 

inhibited VCA expression by 80% and 84%, respectively. 
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Fig. 5. HSV-1 DNA polymerase reaction in the presence of ACVTP. [3H]dATP (10 #M) was the 
labelled substrate; other conditions were as described in the text. All four natural triphosphate sub- 
strates (o); three nucleotides only, without dGTP (E3); 1 ttM dGTP was added at the end of 120 rain 
([]); three nucleotides and 1 #M ACVTP (O); and three nucleotides, 1 ttM ACVTP (o) added at the end 
of 120 rain. 
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TABLE 3 

Effect of ACV on cell growth and VCA expression 

Day CellNo.(×10 -s) 

Control 

% VCA-positive cells 

ACV ACV Control ACV ACV 
10 ug/ml 25 ug/ml 10 ug/ml 25 tzg/ml 

0 3.5 3.5 3.5 8,0 8.0 8.0 
1 4.5 3.9 4.1 
4 9.4 8.5 6.4 7,5 1.50 1.25 
5 13.2 11.0 9.1 
6 22.5 15.5 12.8 7,0 2.0 1.0 

DISCUSSION 

A comparison of  relative sensitivities of  herpesviral and cellular DNA polymerases 

to ACVTP inhibition is essential in delineating its mechanism of  selectivity. Our results 

show that of  the polymerases tested HSV-1 DNA polymerase is the most sensitive to 

ACVTP inhibition. Our kinetic data with HSV-1 DNA polymerase are in agreement 

with values reported by Furman et al. [14] and St. Clair et al. [32].  However, we noticed 

that DNA polymerase a purified from human leukemic leukocytes was also sensitive to 

ACVTP inhibition. In DNA polymerization reaction catalyzed by either HSV-1 DNA 

polymerase or DNA polymerase a, addition of  ACVTP did not enhance DNA synthesis 

and perhaps prevented further chain elongation reaction. The inability of  ACVTP to pro- 

mote chain elongation is consistent with its structure. However, the 5'-triphosphate 

of  another potent anti-herpesviral nucleoside analog, E-5-(2-bromovinyl)-2'-deoxyuri- 

dine, was found to be an alternative substrate for DNA polymerases and the analog was 

incorporated into replicating DNA in virus-infected cells [3]. 

We noticed that EBV DNA polymerase was not sensitive to ACVTP inhibition. The 

K m values for dGTP and K i values for ACVTP of  EBV DNA polymerase are different 

from those obtained by Datta et al. [9],  who reported that EBV DNA polymerase was 

more sensitive to ACVTP inhibition than the cellular DNA polymerases. To further verify 

our results we have examined ACVTP inhibition also at lower concentrations of  the sub- 
strate and inhibitor (Fig. 4, inset), and these results support our original values. Further- 
more, we have tested the inhibitory effect of  ACVTP on EBV DNA polymerase isolated 
from three different virus-producing human cell lines and obtained similar values. It is 
also worth noting that the K m values o f  DNA polymerase a we have isolated from P3HR1 
cell line as well as from human leukemic leukocytes are similar to the values reported 

by Furman et al. [14] and others for DNA polymerase a isolated from various cell 
sources (1 .5-2 .5  ~M); however, the K m value reported by Datta et al. [9] for dGTP 
of DNA polymerase a from a human cell line is unusually low (0.18 /~M). Although 
ACVTP was not inhibitory to the EBV DNA polymerase activity, we noticed that addition 
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of  ACV to EBV-producing cells in culture inhibited the virus production;  this is in agree- 

ment  with the results o f  Datta et al. [9]. Therefore, it appears that  EBV DNA poly- 

merase is not  a primary target for ACV inhibit ion of  EBV production.  It should also 

be pointed out that Colby et al. [7] have noticed a significant quanti ty of  covalently 

circular EBV DNA remaining in P3HR-1 cells after ACV treatment.  The identification 

of  enzymes responsible for the phosphorylat ion of  ACV to its 5 ' - t r iphosphate in EBV- 

producing cell lines will be of  interest because o f  several conflicting reports concerning 

EBV thymidine kinase(s) in the cell lines. It will also be useful to determine the relative 

levels of  ACVTP in different EBV cell lines in delineating the mechanism of  ACV inhibi- 

t ion of  EBV-production. Thus, further information on the enzyme(s) responsible for 

the conversion of  the nucleoside analog to its active form, the relative levels of  ACVTP 

in different EBV cell lines and specific roles o f  various DNA polymerases in replication 

of  the viral and cellular DNAs will be essential in understanding the mode of  action o f  

ACV in inhibiting EBV production.  

ACKNOWLEDGEMENTS 

This research was supported by a U.S.P.H.S. grant, CA28852-01 and American Cancer 

Society Grant CH47-C. 

We are grateful to Dr. G.B. Elion, Burroughs Wellcome and Dr. R. Root,  Yale Uni- 

versity School of  Medicine for providing ACV and to Dr. J. Robinson for his help in 

VCA determination. 

REFERENCES 

1 AUaudeen, H.S. and Geetha Rani (1982) Cellular and Epstein-Barr virus-specific DNA poly- 
merases in virus-producing Burkitt's lymphoma cell lines. Nucleic Acids Res. 10 (in press). 

2 Allaudeen, H.S., Kozarich, J.W., Bertino, J.R. and De Clercq, E. (1981) On the mechanism of 
selective inhibition of herpesvirus replication by E-5-(bromovinyl)-2'-deoxyuridine. Proc. Natl. 
Acad. Sci. U.S.A. 78, 2698-2702. 

3 AUaudeen, H.S., Chen, M.S., Lee, J.J., De Clercq, E. and Prusoff, W.H. (1982) Incorporation of 
E-5-(2-halovinyl)-2'-deoxyuridines into deoxyribonucleic acids of herpes simplex virus type 
1-infected cells. J. Biol. Chem. 257,603-606. 

4 Biron, K. K. and Elion, G.B. (1980) In vitro susceptibility of variceUa-zoster virus to acyclovir. 
Antimicrob. Agents Chemother. 18,443-447. 

5 Centffanto, Y.M. and Kaufman, H.E. (1979) 9-(2-Hydroxyethoxymethyl)guanine as an inhibitor 
of herpes simplex virus replication. Chemotherapy 25,279-281. 

6 Coen, D.M. and Schaffer, P.A. (1980) Two distinct loci confer resistance to acycloguanosine 
in herpes simplex virus type 1. Proc. Natl. Acad. Sci. U.S.A. 77, 2265-2269. 

7 Colby, B.M., Shaw, J.F., Elion, G.B. and Pagano, J.S. (1980) Effect of acyclovir [9-(2-hydroxy- 
ethoxymethyl)guanine] on Epstein-Barr virus DNA replication. J. Virol. 34,560-568. 

8 Crumpaeker, C.S., Schnipper, L.F., Zaia, J.A. and Levin, M.J. (1979) Growth inhibition of acy- 
cloguanosine of herpesviruses isolated from human infections. Antimicrob. Agents Chemother. 
15,642-645. 



132 

9 Datta, A.K., Colby, B.M., Shaw, J.E. and Pagano, J.S. (1980) Acyclovir inhibition of Epstein-  
Barr viius replication. Proc. Natl. Acad. Sci. U.S.A. 77, 5165-5166.  

10 De Clercq, E. (1979) New trends in antiviral chemotherapy. Arch. Int. Physiol. Biochim. 87, 
353-395 .  

11 De Clercq, E. and Torrence, P.J. (1978) Nucleoside analogs with selective antiviral activity. J. 
Carbohydr. Nucleosides Nucleotides 5, 187-  224. 

12 Elion, G.B., Furman, P.A., Fyfe, J.A., De Miranda, P., Beauchamp, L. and Schaeffer, H.J. (1977) 
Selectivity of action of an antiherpetic agent, 9-(2-hydroxyethoxymethyl)guanine. Proc. Natl. 
Acad. Sci. U.S.A. 74, 5716-5720 .  

13 Field, H.J., Darby, G. and Wildy, P. (1980) Isolation and characterization of acyclovir-resistant 
mutants of herpes simplex virus. J. Gen. Virol. 49, 115-124.  

14 Furman, P.A., St. Clair, M.H., Fyfe, J.A., Rideout, J.L., Keller, P.M. and Elion, G.B. (1979) 
Inhibition of herpes simplex virus-induced DNA polymerase activity and viral DNA replication 
by 9-(2-hydroxyethoxymethyl)guanine and its triphosphate. J. Virol. 32(1), 7 2 - 7 7 .  

15 Fyfe, J.A., Keller, P.M., Furman, P.A., Miller, R.L. and Elion, G.B. (1978) Thymidine kinase 
from herpes simplex virus phosphorylates the new antiviral compound, 9-(2-hydroxyethoxy- 
methyl)guanine. J. Biol. Chem. 253, 8721-8727 .  

16 Henle, G. and Henle, W. (1966) Immunofluorescence in cells derived from Burkitt's lymphoma. 
J. Bacteriol. 91, 1248-1256.  

17 Jones, B.R., Coster, D.J., Fison, P.N., Thompson, G.M., Cobo, L.M. and Falcon, M.G. (1979) 
Efficacy of acycloguanosine against herpes simplex corneal ulcers. Lancet 1,243. 

18 Kaufman, H.F., Varnell, F.D., Centifanto, Y.M. and Rheinstrom, S.D. (1978) Effect of 9-(2- 
hydroxyethoxymethyl)guanine on herpesvirus-induced keratitis and iritis in rabbits. Antimicrob. 
Agents Chemother. 14 ,842 -845 .  

19 Klein, R.J., Friedman-Kien, A.E. and De Stefano, E. (1979) Latent herpes simplex virus infection 
in sensory ganglia of hairless mice prevented by acycloguanosine. Antimicrob. Agents Chemother. 
15 ,723-729 .  

20 Larsson, A. and Oberg, B. (1981) Selective inhibition of herpesvirus DNA synthesis by acyclo- 
guanosine, 2'-fluoro-5-iodo-aracytosine and (E)-5-(2-bromovinyl)-2'-deoxyuridine. Antimicrob. 
Agents Chemother. 19 ,927 -929 .  

21 Lineweaver, H. and Burk, O. (1934) The determination of enzyme dissociation constants. J. Am. 
Chem. Soc. 5 6 , 6 5 8 - 6 6 6 .  

22 Morgan, K.S., Wander, A.H., Kaufman, H.E., VarneU, E.D. and Creagh-Kirk, T. (1980) Toxicity 
and tolerance of 9-(2-hydroxyethoxymethyl)guanine. Chemotherapy 2 6 , 4 0 5 - 4 0 8 .  

23 Oosterhuis, J.A., Versteeg, J., Kruit, P.J. and Postma, B.H (1980) Acyclovir treatment in ex- 
perimental herpetic keratitis in rabbits. Ophthalmic Res. 12, 3 8 -  44. 

24 Park, No-Hee, Pavan-Langston, D. and McLean, S.L. (1979) Acyclovir in oral and ganglionic 
herpes simplex virus infections. J. Infect. Dis. 140 ,802-806 .  

25 Park, N.H., Pavan-Langston, D., McLean, S.L. and Albert, D.M. (1979) Therapy of experimental 
herpes simplex encephalitis with acyclovir in mice. Antimicrob. Agents Chemother. 15, 7 7 5 -  
779. 

26 Park, No-Hee, Pavan-Langston, D., McLean, S. and Lass, J. (1980) Acyclovir topical therapy of 
cutaneous herpes simplex virus infection in guinea pigs. Arch. Dermatol. 116 ,672-675 .  

27 Pavan-Langston, D., Campbell, R. and Lass, J. (1978) Acyclic antimetabolite therapy of experi- 
mental herpes simplex keratitis. Am. J. Ophthalmol. 8 6 , 6 1 8 - 6 2 3 .  

28 Schaeffer, M.J., Beauchamp, L., De Miranda, P., Elion, G., Bauer, D.J. and Collins, P. (1978) 
9-(2-Hydroxyethoxymethyl)guanine activity against viruses of the herpes group. Nature 212, 
583-585 .  

29 Schnipper, L.F. and Crumpacker, C.S. (1980) Resistance of herpes simplex virus to acycloguano- 
sine: role of viral thymidine kinase and DNA polymerase loci. Proc. Natl. Acad. Sci. U.S.A. 77, 
2270-2273.  



133 

30 Selby, P.J., Jameson, B., Watson, J.G., Morgenstern, G., Powles, R.L., Kay, H.F.M., Thornton, 
R., Clink, H.M., MacElwain, T.J., Prentice, H.G., Ross, M.F., Corringham, R., Moffbrand, A.V. 
and Brigdes, D. (1979) Parenteral acyclovir therapy for herpesvirus infections in man. Lancet 1, 
1267-1270. 

31 Shipman, C., Jr., Smith, S.M., Carlson, R.M. and Drach, J.C. (1976) Antiviral activity of ara- 
binosyladenine and arabinosylhypoxanthine in herpes simplex virus-infected KB-ceUs: selective 
inhibition of viral-deoxyribonucleic acid synthesis in synchronized suspension cultures. Anti- 
microb. Agents Chemother. 9, 120-127. 

32 St. Clair, M.H., Furman, P.A., Lubbers, C.M. and Elion, G.B. (1980) Inhibition of cellular a and 
viraUy induced deoxyribonucleic acid polymerases by the triphosphate of acyclovir. Antimicrob. 
Agents Chemother. 18(5), 741-  745. 

33 Yefenof, E., Klein, G., Ben-Bassat, H. and Lundin, L. (1977) Differences in the Con A-induced 
redistribution and agglutination patterns of EBV genome-free and EBV-carrying human lym- 
phoma lines. Exp. Cell Res. 108,185-190. 


