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Abstract-The inhibitor and substrate specificities of deoxythymidine (dThd) kinase purified from 
herpes simplex virus (HSV Type 1) were studied. A number of nucleosides and nucleoside analogs 
were phosphorylated by the virus coded enzyme. These included several compounds structurally related 
to 9-(2-hydroxyethoxymethyl)guanine (acyclovir), a potent inhibitor of HSV replication. Some contained 
guanine with 9-substituents differing from that of acyclovir by methyiene additions, methylene and 
thioether s,ubstitutions for the ether oxygen, and branching on the distal side of the ether oxygen. Others 
were various 2-substituted 6-hydroxypurines with the 9-(2-hydroxyethoxymethyl) substituent. A limi- 
tation of the specificity of the enzyme with guanine derivatives was the lack of phosphorylation of any 
derivative with an acyclic moiety branched on the proximal side of the ether oxygen. Many of the 
compounds that were phosphorylated were subsequently found to inhibit HSV replication. Such 
compounds apparently inhibited HSV replication via the same route of activation previously described 
for acyclovir [G. B. Elion, P. A. Furman, J. A. Fyfe, P. de Miranda, L. Beauchamp and H. J. Schaeffer, 
Proc. natn. Acad. Sci. U.S.A. 74, 5716 (1977)]. Moreover, several compounds not phosphorylated by 
the enzyme did not inhibit replication. However, some other acyclic nucleoside analogs that were 
phosphorylated were not good antivirals, indicating that phosphorylation catalyzed by the HSV dThd 
kinase was not sufficient for inhibition of viral replication to occur. These results emphasize the 
importance of the specificity of cellular kinases and the HSV DNA polymerase to the mechanism of 
antiviral activity. The dThd kinase from Vero cells was also purified. With this host cell enzyme, kinetic 
constants of known antiviral compounds were determined and compared to those of dThd (relative 

’ . JCL): dThd (100; 1.3 PM), 5-iodo-2’-deoxyuridine (87; 1.8 PM), 5-trifluoromethyl-2’-deoxyuridine 
$?l.2 PM) 5-bromo-2’-deoxycytidine (5.580 PM), and 9-@-D-arabinofuransoylthymine (23.2300 PM) 
NoAe of the’purine acyclic nucleoside a&ogs tested (at 1000 PM) was detectably phosph;rylated b; 
th,e Vero cell enzyme, and all had apparent K, values >300 PM. The phosphorylation catalyzed hy host 
cell dThd kinase correlated with the toxicity of some pyrimidine nucleoside analogs. 

The novel acyclict nucleoside analog, acyclovir, 
is an effective inhibitor of HSV replication [l, 21. 
The mechanism of inhibition appears to require 
selective phosphorylation catalyzed by the HSV- 
coded deoxythymidine (dThd) kinase [3]. This kinase 
preferentially phosphorylates pyrimidine nucleo- 
sides [4]. It appears also to catalyze the phosphoryl- 
ation of pyrimidine nucleoside analogs [e.g. Refs. 
3,5-81 and thymidylate [9]. Substitution of an acyclic 

* Author to whom all correspondence should be 
addressed: Paul M. Keller, The Weilcome Research Lab- 
oratories. Burroughs Wellcome Co. 3030 Cornwallis Road, 
Research Triangli Park, NC 27709, U.S.A. 

t Abbreviations: acyclic. any substitution for the carbo- 
hydrate moiety of a nucleoside analog which is not a closed 
ring; acyclovir, 9-(2-hydroxyethoxymethyl)guanine; araT, 
9-PD-arabinofuranosylthymine; araG, 9+-D-arabinofura- 
ndsylguanine; 8-azaguanine, 5-amino-7-0x0-v- 
triazolo[4.5-dlovrimidine; BrdCyd, 5-bromo-2’-deoxycyti- 
dine; ‘IdUr$’ 5-iodo-2’-deoxyuridine; F,TdR; . 5- 
trifluoromethyl-2’-deoxyuridine; HSV-1, herpes simplex 
virus type 1; BHK, baby hamster kidney; BSA, bovine 
serum-albumin, and PEP, phosphoenol pyruvate. 

f H. J. Schaeffer. L. BeauchamD, P. Collins, and D. J. 
Baler. Eighteenth Interscience conference on Antimircro- 
bial Agents and Chemotherapy, Abstr. No. 72 (1978). 

moiety for the natural sugar of a pyrimidine resulted 
in a reduction or loss of substrate activity. However, 
acyclovir was a better substrate than the natural 
purine nucleosides Guo or dGuo for this kinase [3]. 
The antiviral activity of acyclovir has prompted the 
synthesis of other nucleoside analogs in which the 
cyclic carbohydrate moieties are replaced by various 
acyclic chains.* These compounds have been evalu- 
ated as substrates for the purified HSV dThd kinase 
and as inhibitors of HSV replication in cell culture. 
These data are useful for understanding the struc- 
tural requirements for substrate activity with the 
enzyme itself, for predicting antiviral activity, and 
for correlating information from the enzyme studies 
with the antiviral activities in order to evaluate the 
role that the HSV dThd kinase plays. In addition, 
host cell dThd kinase specificity was studied in order 
to compare substrate activity with toxicity of nucleo- 
side analogs within uninfected cells. 

EXPERIMENTAL PROCEDURES 

Materials 

Sources of commercially available compounds, 
virus stocks and cells were the same as previously 
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reported (31. 1-(2-Hydroxyethoxymethyl)-5-brom- 
ouracil was synthesized by Dr. John Kelsey. Bart 
Dolmatch performed the syntheses of 9-[2-(2- 
hydroxyethoxy)ethyl]guanine, 9-[l-(2-hydroxy- 
ethoxy)octyl]guanine, 9-(2-hydroxyethylthio- 
methyl)guanine, and 9-(2-hydroxyethoxymethyl)-2- 
dimethylaminohypoxanthine. Robert Lamon syn- 
thesized 9-(2-hydroxyethylthiomethyl)adenine. Dr. 
Lowrie M. Beacham III synthesized 2-amino-l .Y- 
dihydro-9-[2-hydroxy- l-(hydroxymethyl)ethoxy]- 
(lR)-ethyl-6/f-purin-6-one. Dr. James L. Kelley 
synthesized 9-(2-hydroxyethoxymethyl)-2-methyl- 
thioadenine, 9-(2-hydroxyethoxymethyl)-2-methyl- 
thiohypoxanthine, and 9-(2-aminoethoxy)methyl- 
guanine. Procedures for the syntheses of novel com- 
pounds in this report will be published elesewhere. 

Methods 

Plaque reduction assays were used to determine 
the concentration of drug which reduces plaque for- 
mation by 50 percent (EDT”) [lo]. A clinical isolate 
of HSV-1, strain Cl, was used for these assays unless 
otherwise noted. 

The HSV-1 and host cell (Vero, green African 
monkey kidney cells) dThd kinases were purified 
from cytosol fractions as previously reported [3, 111. 
A unit of enzyme activity phosphorylates 1 pmole 
of dThd per min at 37” under standard assay con- 
ditions [lo0 mM Tris-HCl (pH 7.5), 10 mM ATP, 
5 mM MgC12, 1 mM [‘4C]dThd. 4-6 Ci/mole and 
1 mg/ml BSA]. The reaction mixtures were spotted 
onto DEAE paper and processed as previously 
described [3]. 

Reactions to determine inhibition values (percent 
inhibition of acyclovir phosphorylation by the test 
compound) contained 150 (*M [‘4C]acyclovir, 300 PM 
nucleoside or nucleoside analog, 200 PM Tris-HCl 
(pH 7.5), 2 mM ATP, 2 mM MgCl2, 1 mgiml BSA, 
and 500 units/ml of (MacIntyre) HSV-1 dThd kinase. 
The DEAE paper method was used to measure the 
reaction rates. The radiochemical nucleoside kinase 
coupled assay [3] used to determine relative substrate 
velocities was modified as follows. The reaction 
mixtures were incubated and spotted on poly- 
ethyleneimine-impregnated cellulose plates as 
before, but the plates were developed immediately 
in 1 M LiCl, 0.05 M formic acid. The plates were 
then scanned for radioactivity and cut up for quan- 
titation. The reaction mixture contained 1mM 
nucleoside or nucleoside analog, 100mM Tris (pH 
7.5), 2 mM ATP 2 mM MgCl?, 50 mM KCI, 0.25 
mM phosphoenol [l-‘4C]pyruvate (50 cpm/pmole), 
30 units/ml of pyruvate kinase, 1 mg/ml of BSA, and 
purified nucleoside kinase. The phosphorylation 
rates were expressed as a percentage of the rate with 
dThd as substrate. These rates were initial reaction 
velocities. Under these conditions, less than 10 per 
cent of the ATP utilization was from subsequent 
nucleoside monophosphate phosphorylation [3] 
catalyzed by the associated dTMP kinase [9]. Reac- 
tions to study the kinetics of acyclovir phosphoryl- 
ation employed the standard conditions, but with 
2mM ATP, 2 mM MgCb, variable quantities of 
[‘4C]acyclovir (57 Ci/mole), and 400 units of 
enzyme/ml of reaction mixture. These reaction rates 

were measured by the DEAE paper method. A 
coupled spectrophotometric assay [12] was used to 
study the kinetics of other acyclic nucleoside analogs. 
The reactions contained 100 mM Tris-HCl (pH 7.5), 
2 mM ATP, 2 mM MgC12, 0.5 mg/ml BSA, 0.1 mM 
NADH, 0.5 mM PEP, 5 X 10h units/ml pyruvate kin- 
ase, 10 x lo6 units/ml lactate dehydrogenase, 
variable amounts of nucleoside analog substrate, and 
670 units/ml of HSV dThd kinase. All enzyme reac- 
tions were at 37”. 

Kinetic constants (apparent K,, values, K:,,) were 
determined for the Vero cell dThd kinase with 
reactions containing 50 mM Tris-HCl (pH 7.5). 2 
mM ATP, 2 mM MgCll, 1 mgiml BSA, variable 
amounts of [W]dThd (40 Ciimole), and 60 units of 
enzyme/ml. Reactions were incubated at 37”. and 
initial rates were determined by the DEAE paper 
method. The apparent K, constants (K:) for analogs 
were determined in a similar manner, but contained 
1.3pM [14C]dThd and variable amounts of nucleo- 
side analogs. Relative substrate efficiency values 
were calculated from the ratio of V~,,/K~,. assuming 
that KA = K,’ [13] and that Vk,, =u[ 1 f K;,,/S]. 

RESCILTS 

The binding of each nucleoside analog to the HSV 
dThd kinase was assessed by using the DEAE paper 
method to measure its ability to inhibit the phos- 
phorylation of [‘4C]acyclovir. The analogs were also 
tested as substrates using the radiochemical coupled 
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Fig. 1. Effects of acyclic nucleoside analog concentration 
on the rate of analog monophosphate formatron. Activities 
were measured for acyclovir (panel A) by a radiochemical 
DEAE paper method, and 9-(2.hydroxyethylthio- 
methyl)guanine (panel B) by a spectrophotometric 
assay as described in Methods. Results with acyclovir were 
similar to those shown here when the spectrophotometric 

assay was used (P. M. Keller. unpublished data). 
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I able I. kk)mr and mMvirrl aclivilin of nuclcosidn mnd tttt&@side m~alog conWttlRg PUfiW b- 

Compound 
Number R-2 

1 -NH: 

2 

3 

4 

5 

6 

7 

8 

9 

10 

II I, 

I2 

13 

14 

IS 

16 -H -NH, 

17 -SCH, .NH, 

18 -NH, -NH, 

19 -H -NH2 

20 -H -NH, 

21 -NH, -NH2 

22 -NH, -OH 

23 -NHCH, 

24 -NH, 

25 

26 

27 

-SCH, 

-N(CH,), 

-OH 

Per Cent Relative 
inhibition’ Substrate Velocity* ~I~~t~t(~~l 

- 69 36 0. I 

- 93 66 5.8 

- 70 55 I38 

- 55 I8 50 

86 28 2.3 

- 100 0.5 

- IM) 2.3 

- 29 I.5 

- 14 

20 

8 

<3 

<3 

<3 

<3 

<3 

<3 

12 

5 

<3 

35 

<3 

<3 

<3 

<3 

I4 

55 

7 

34 

38 

<3 

8 

- 36 >250 

- 94 >250 

_ 16 >2so 

- 44 22 

- 74 N.D.’ 

- 39 N.D. 

0 33 

- 74 136 

5 17 

10 >255 

- 6 12.3 

- 32 

-Br 

- 

0 

41 

98 

23 

97 

97 

I2 

I3 

19.5 

A& 129 

>2so 

>250 

>250 

‘See “Experimental Procedures” 
tCo~~~~t,=tio~ of drug required to inhibit 50% of 

HSV-I (Strain CI) plaque formrtion in monolayers 
of Vtro cells. 

$Not dctcrmincd 
$N substituted for C-8 
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assay. The percent inhibition and relative substrate 
velocity assays reported here were used in lieu of 
classical kinetic constants. Apparent K,,, values were 
not readily obtainable, as reciprocal plots of initial 
velocity versus substrate concentration were not lin- 
ear (Fig. 1). In the examples shown, both plots were 
concave upward at both high and low concentrations. 
Neither line fit the equation for substrate inhibition 
as described by Cleland 1141. Qualitatively similar 
but quantitatively variable nonclassical kinetic 
behaviour was also observed with other acyclic 
nucleoside analogs. * 

phosphorylated (No. S-10 and 12). One compound 
with a 7-carbon side-chain (No. 11) inhibited well, 
but was not detectably phosphorylated. Both guan- 
osine and deoxyguanosine (No. 14 and 15) were 
substrates for the enzyme, but araG (No. 13) was 
not. 

HSV-1 dThd kinase specificity 

The only compound with a &amino substituent 
which bound to and was a substrate for the 
HSV dThd kinase was 9-(2-hydroxyethoxy- 
methyl)-2-methylthioadenine {No. 17 f . A var- 
iety of 6-hydroxy-9-(2-hydroxyethoxymethyl)- 
substituted analogs other than acyclovir were also 
substrates (No. 22-26). This, however, was not true 
for the xanthine derivative (No. 27). 

Nucleoside analogs containing purine bases. A 
number of acyclic nucleoside analogs containing 
guanine bound to and were substrates for the HSV 
dThd kinase (No. l-7, Table I). This group of com- 
pounds included acyclovir (No. 1) and several closely 
related analogs. Several other acyclic nucleoside ana- 
logs with guanine did not compete with acyclovir as 
well as the first group, and were not detectably 

Compounds containing pyrimidine bases. For all 
of the series containing pyrimidine bases, the analogs 
containing the l-(2-hydroxyethoxymethyl) substi- 
tuent competed iess well and were less readily phos- 
phorylated than any compounds with pentafuranosyl 
substituents (Table II). This is in contrast to the 
parallel series containing guanine as base (Table I). 
The relative orders of inhibition and substrate veloc- 
ities within the thymine series were surprisingly much 
more similar to the cytosine series than those of 
uracii. * P. M. Keller, unpublished data. 

Table If. Activltics” of nucloosidos and nurlcoside anslons conta~n~nQ ov~~~di~e bases 

Per Cent Relative 
I -Substituent Inhibition Substrate Velocity EDso ($1) 

l- 
HQ?/O\/ 

Arabinose 

45 

98 

Ribose 100 

Deoxyribcse IM) 

9 

Arabinose 30 

Ribose 62 

Deoxyrlbose 84 

9 

Arabinose 64 

Ribose 49 

Deoxyribose 100 

48 

12 

38 

14 

IO0 

<3 

8 

<3 

190 

<3 

I40 

109 

42 

8 

>250 

1.5 

N.D. 

N.D. 

2so 

1 .O? 

N.D. 

N.D. 

>250 

,,t 

N.D. 

N.D. 

>tso 
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Table 111. Pbospborylatioo of acyclic puriae aucleoside analogs and pyrimidioe 

aucleosfde analogs with eitber HSV or Veto cell dTbd kiaases.’ 

No. Structure HSV dThd Kinase 
Relative 

31 dTbd 

42 F,TdR 

43 5-idUrd 

44 araT 

45 S-BrdCyd 

I 
Gua 

Ho--ho-J 

2 

1 

22 

24 

Substrate Velocity 

too 

101 

115 

38 

33 

36 

66 

8 

13 

5 

*See “Experimental Procedures” 

Among the pyrimidine acyclic derivatives with 
natural bases, only the thymine-containing com- 
pound (No. 28) was a substrate. However, the 
S-bromouracil analog (No. 40) was also 
phosphorylated. 

Antiviral activity of nucfeoside analogs 

The activity of each analog was tested for its ability 
to inhibit HSV-2 replication in Vero cells (Tables I 
and II, EDGE) values). No compound was as potent as 
acyclovir, but several related acyclic analogs and 
arabinosyl nucleosides were effective inhibitors. 

Comparison of substrate activities between HSV and 
Vero cell dThd kinases 

The substrate velocities of some nucleoside ana- 
logs were determined with the purified Vero ceI1 
dThd kinase (Table III). Kinetic constants were also 
determined (DEAE paper method). Classical 
Michaelis-Menten kinetics were observed with this 
enzyme. The apparent K,, of dThd with this enzyme 
was found to be 1.3 * 0.04 FM. Apparent K, values 
were determined for several nucleoside analogs. 
These values should equal the apparent K,,, values 
f13j for the analogs that are substrates (No. 42-45). 

* Previous workers have not detected host cell phos- 
phorylation of araT [S] or BrdCyd [6] in extracts of 
uninfected cells. The present results, however, were 
obtained using purified enzyme, with higher concentrations 
of nucleoside analog and with dThd kinase from a different 
cell fine (Vero cell vs BHK). More recently, Miiller et ul. 
[ 161 reported observations consistent with the data reported 
here, utilizing BHK ceils as the enzyme source. 

Vero Cell dThd Kinase 

loo 

91 

87 

23 

5 

<3 

<3 

<3 

<3 

<3 

1.8 

1.2 

2,300 

580 

20,ooo 

9@0 

3,ooo 

300 

4sKQ 

Relative 
#ubstrate Velocity tbstrate Efficiency 

3.4 

2.2 

3.2 

6 x IO-’ 

<I.8 x IO-’ 

<57 x lo-’ 

<1.7 x lo-’ 

These four pyrimidine nucleoside analogs, FjTdR, 
IdUrd, araT and BrdCyd, were phosphorylated by 
both the Vero cell* and the HSV dThd kinases. 
Conversely, five purine acyclic nucleoside analogs 
(No. 1,2,7,22 and 24) were detectably phosphoryl- 
ated by only the HSV enzyme. The apparent K, 
values of the purine acyclic nucleoside analogs with 
the Vero cell kinase were generally higher than the 
K& values for the pyrimidine nucleoside analogs. 

DISCUSSION 

The separation of highly purified HSV dThd kinase 
from cellular dThd kinase 131 has made possible 
enzyme specificity studies with acyclic nucleoside 
analogs. Data generated from these experiments are 
useful not only for determining structure-activity 
relationships of nucleoside analogs with the enzyme, 
but also relationships between enzyme specificity 
and the antiviral activity. 

Initial attempts to obtain K, constants for acyclic 
nucleoside analogs resulted in atypical kinetics (Fig. 
1). Therefore, the inhibition or relative substrate 
velocity assays were determined at a single concen- 
tration (1 mM) of each analog. For this reason, only 
semiquantitative statements can be made concerning 
binding and phosphorylation of the acyclic nucleo- 
side analogs with the enzyme. 

These studies have revealed some interesting and 
unexpected findings about the specificity of the HSV 
dThd kinase. Since the enzyme phosphorylates thy- 
midine and deoxycytidine, it was anticipated that 
closely related pyrimidine nucleosides containing a 
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deoxyribose substituent would be preferred sub- 
strates. This is, indeed, the case [3]. Replacement 
of the sugar moiety of the pyrimidine deoxyribo- 
nucleosides by the 2-hydroxyethoxymethyl group 
leads to a great reduction or complete loss of sub- 
strate activity. Some purine derivatives, on the other 
hand, are substrates for this kinase when the natural 
sugar is replaced by the acyclic substituent. Data 
reported here show that derivatives of guanine or 
closely related 6-hydroxypurine bases were preferred 
substrates; acyclic derivatives of adenine, 2,6- 
diaminopurine, or xanthine were very poor sub- 
strates. Only one 6-aminopurine analog was found 
to be phosphorylated (No. 17). Phosphorylation of 
guanine derivatives was observed using analogs with 
considerable structural variation in the acyclic sub- 
stituent, such as methylene and thioether substitu- 
tions, and branching on the distal side of the ether 
oxygen (Table I). Branching of the side chain on the 
proximal side of the ether oxygen, however, abol- 
ished substrate activity (No. 10-12) even though one 
compound (No. 11) competed quite well for the 
enzyme. 

The phosphorylation of acyclovir by the HSV- 
specified dThd kinase has been identified as being 
required for its potent antiviral activity [ 1, 31. The 
monophosphate of acyclovir apparently is converted 
to the triphosphate by cellular enzymes [3, 171, and 
this triphosphate acts as a preferential inhibitor of 
and/or substrate for the viral DNA polymerase [ 1, 
181. It was of interest to determine which other 
analogs might inhibit HSV replication by this mech- 
anism. Also, the combined enzyme and antiviral 
testing data might provide clues about the specificity 
of other reactions leading to antiviral activity (see 
below). 

For a number of acyclic nucleoside analogs (No. 
1-7, 17, and 22-24), phosphorylation was associated 
with moderate to good inhibition to HSV replication; 
lack or‘ phosphorylation was associated with poor 
antiviral activity (No. 10-12, 19. 27. 32 and 36). 
These results appeared to be consistent with the 
mechanism of action proposed for acyclovir. How- 
ever, several analogs were phosphorylated, but had 
little or no antiviral activity (No. 25. 26, 28 and 40), 
indicating that some step after monophosphate for- 
mation was limiting antiviral activity. First, the 
inactivity of these analogs could stem from the 
inability of cellular or virally induced kinases to 
catalyze the conversion of the analog monophos- 
phates to the di- and triphosphate forms. Second, 

it is possible that these monophosphates were phos- 
phorylated in the cell, but their respective triphos- 
phates were not inhibitors of viral DNA synthesis. 

In contrast to the above, some acyclic nucleoside 
analogs and arabinosides which inhibited viral rep- 
lication were not detectably phosphorylated by the 
HSV dThd kinase (No. 8, 9, 13. 16, 18. 20 and 21). 
It appeared that phosphorylation catalyzed by this 
enzyme was not a prerequisite for activity. The most 
likely explanation was that these compounds are 
phosphorylated by other enzymes (such as deoxy- 
cytidine kinase [ 191, adenosine kinase 1201. or a 

* P. M. Keller, unpublished data. 
t Naomi K. Cohn. personal communication. 

phosphotransferase), or may be metabolized in the 
cell by other enzymes before being phosphorylated 
by the HSV dThd kinase. It is, however. possible 
that the lack of observed phosphorylation of these 
compounds by HSV dThd kinase could be due to 
the substrate inhibition observed at the test concen- 
tration of 1 mM analog (Fig. 1). No phosphorylation 
was observed after retesting several compounds (No. 
8-10 and 18-21) at 20pM.* Another possiblity is 
that some compounds may act by a yet unknown 
mechanism of inhibition, as observed with the acyclic 
nucleoside analogs erythro-9-(2-hydroxy-3-nonyl)- 
adenine (EHNA) [21] and (S)-9-2,3-dihydroxy- 
propyl)adenine [22]. 

Phosphorylation of nucleoside analogs by host cell 
(Vero) dThd kinase could be a first step in the 
activation of the drug to a toxic substance in host 
cells. Several pyrimidine nucleoside analogs known 
to inhibit HSV replication were found to be phos- 
phorylated by the Vero cell dThd kinase (Table III) 
as well as by the HSV dThd kinase. This was not 
true for the purine acyclic nucleoside analogs. From 
the apparent K,,, values of FJTdR and IdUrd it would 
appear that they could compete favorably with dThd 
for phosphorylation by dThd kinase in uninfected 
cells. AraT and BrdCyd appear to compete less well. 
These findings correlated with observed toxic effects 
for both FJTdR and IdUrd [23]. and much lower 
toxic effects observed for araT [S]. BrdCyd [6], and 
acyclovir [l]. None of the active acyclic nucleoside 
analogs reported here was found to be toxic at con- 
centrations below 1OOpM in cultures of human 
Detroit 98 cells.? In spite of the correlation observed 
here, one cannot assume that phosphorylation of a 
compound by the host cell dThd kinase is a pre- 
requisite or sufficient condition for toxicity. 

Data from the enzyme assays reported here are 
useful to explore the limitation of HSV dThd kinase 
specificity and to provide a rapid test for potential 
inhibitors of HSV replication. The combination of 
data from the enzyme and plaque reduction assays 
indicates other steps in the activation of the nucleo- 
side analogs which may be crucial. Specifically, the 
steps of phosphorylation subsequent to the reaction 
catalyzed by HSV dThd kinase. and the interactions 
of the triphosphates of nucleoside analogs with HSV 
DNA polymerase, appear to require further evalu- 
ation. Finally, assays with host cell dThd kinase show 
a correlation between toxicity by some nucleoside 
analogs toward uninfected cells and phosphorylation 
catalyzed by this particular enzyme. 
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