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Abstract—5’-Phosphorylation, catalyzed by human deoxycytidine kinase (dCK), is a crucial step in the metabolic activation of anti-
cancer and antiviral nucleoside antimetabolites, such as cytarabine (AraC), gemcitabine, cladribine (CdA), and lamivudine.
Recently, crystal structures of dCK (dCKc) with various pyrimidine nucleosides as substrates have been reported. However, there
is no crystal structure of dCK with a bound purine nucleoside, although purines are good substrates for dCK. We have developed a
model of dCK (dCKm) specific for purine nucleosides based on the crystal structure of purine nucleoside bound deoxyguanosine
kinase (dGKc) as the template. dCKm is essential for computer aided molecular design (CAMD) of novel anticancer and antiviral
drugs that are based on purine nucleosides since these did not bind to dCKc in our docking experiments. The active site of dCKm
was larger than that of dCKc and the amino acid (aa) residues of dCKm and dCKc, in particular Y86, Q97, D133, R104, R128, and
E197, were not in identical positions. Comparative docking simulations of deoxycytidine (dC), cytidine (Cyd), AraC, CdA, deoxy-
adenosine (dA), and deoxyguanosine (dG) with dCKm and dCKc were carried out using the FlexX™ docking program. Only dC
(pyrimidine nucleoside) docked into the active site of dCKc but not the purine nucleosides dG and dA. As expected, the active site of
dCKm appeared to be more adapted to bind purine nucleosides than the pyrimidine nucleosides. While water molecules were essen-
tial for docking experiments using dCKec, the absence of water molecules in dCKm did not affect the ability to correctly dock various
purine nucleosides.

© 2005 Elsevier Ltd. All rights reserved.

1. Introduction

Human deoxycytidine kinase (dCK) is a key regulatory
enzyme required in the initial phosphorylation of endo-
genous deoxyribonucleosides and many synthetic ana-
logues that are widely used as anticancer and antiviral
agents. Cell lines lacking dCK activity were found to be
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resistant to a variety of drugs including cytarabine
(AraC), cladribine (CdA), fludarabine, and gemcita-
bine.!?> The broad specificity of dCK is the basis for its
role in activation of nucleosides with substantial struc-
tural modifications as found in many antiviral or antican-
cer agents. Structural information on dCK is vital for
understanding the specificity of the enzyme as well as in
the design of new drugs using advanced computer aided
molecular design (CAMD).

dCK phosphorylates three natural deoxyribonucleo-
sides, the pyrimidine nucleoside deoxycytidine (dC)
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and the purine nucleosides deoxyadenosine (dA) and
deoxyguanosine (dG). dC has both lower Ky and Vi
values than dA and dG? and there are large discrepan-
cies between the K; and Ky values of pyrimidine- and
purine deoxyribonucleoside substrates.* dC is an effi-
cient inhibitor in the phosphorylation of other sub-
strates, while both dA and dG are only very weak
inhibitors of dC phosphorylation by dCK. Bohman
and Eriksson suggested a model with two different con-
formational states of dCK to explain this complex ki-
netic behavior.>® In another study, it was proposed
that dCK is a rigid protein with two different basic ac-
tive sites, one with low affinity and another with high
affinity for the ligands, but with both sites being able
to bind purine as well as pyrimidine nucleosides.” '°

The dCK structure has been the subject of intense re-
search activities.>!!"1® Several attempts were made to
elucidate structural features of dCK using spectro-
scopic,'>!7  fluorescence,'’> NMR,®® and crystallo-
graphic techniques.'® Only recently, crystal structures
of dCK (dCKc) with various pyrimidine nucleosides
were obtained,'® which presumably represent the pyrim-
idine nucleoside specific conformations of dCK. So far,
crystallization of dCK with purine nucleosides has not
been successful. This may be difficult to accomplish be-
cause of the low affinity of purine nucleosides for the ac-
tive site of dCK. To the best of our knowledge, no
attempts have been described in the literature to obtain
a homology model of the purine nucleoside specific form
of dCK. Thus, there is no structural information, which
could confirm or dispute the hypothesis that there are
two distinct substrate sites or substrate dependent con-
formations of dCK.

The lack of a purine specific structure for dCKc and the
necessity for such a model in the structure-based drug
design of anticancer and antiviral purine nucleoside
derivatives led us to develop a purine nucleoside specific
model (dACKm) using the crystal structure of deoxygua-
nosine kinase (dGKc) as a template. Comparative dock-
ing simulations of dC, cytidine (Cyd), dA, and dG, as
well as the anticancer drugs CdA and Ara-C with dCKc¢
and dCKm were carried out to analyze differences in
substrate binding modes and to evaluate the suitability
of both structures to serve as templates for CAMD.

2. Computational methods
2.1. Crystal and nucleoside structures

dGKc (ID code: 1jag; resolution: 2.8 A; R-value: 0.20),
dCKc (ID code: 1p60; resolution: 1.96 A; R-value:
0.165; dC substrate), and dCKc (ID code: 1P5Z; resolu-
tion: 1.6 A; R-value: 0.175; Ara-C substrate) were
obtained from the protein data bank [Research Collab-
oratory for Structural Bioinformatics (RCSB) (http://
www.rcsb.org/pdb)].

Active site volumes of dCKc, dCKm, and dGKc were
calculated by generating the binding pockets of the en-
zymes using the Find pocket option in the SiteID pro-

gram of sYBYL 6.9 (Tripos, Inc., 1699 South Hanley
Road, St. Louis, MO 63144). For these calculations,
hypothetical cylindrical shapes of the binding pockets
were constructed based on the length and width of the
MOLCAD surfaces, generated by SitelD.

Structures dC, dG, dA (Fig. 5A-C), AraC, Cyd, and
CdA, were built and minimized using the TRIPOS force
field and Gasteiger—Hiickel charges until an energy gra-
dient of 0.005 kcal mol ™! A~! was reached using sYBYL
6.9 on a Silicon Graphics O, system (Silicon Graphics,
Inc., 1600 Amphitheatre pkwy., Mountainview, CA
94043). The volumes of dC, dG, and dA were measured
using the compute option of HyperChem version 7.5
(Hypercube Inc., Waterloo, Ontario, Canada).

2.2. Homology modeling

Homology modeling was carried out using the ‘Homol-
ogy module’'® of Insight II (Accelrys Inc., Cerius Mod-
eling Environment, Release 4.0, San Diego: Accelrys
Inc. 2001). The sequences of dGKc and dCK were
aligned using the multiple sequence alignment methods
provided in the homology module of Insight II. Struc-
turally variable regions were assigned using the generat-
ing loop option of Insight II. sYBYL 6.9 was used for
further refinement of dCK by minimization with Tripos
force field and Gasteiger—Hiickel charges (500 itera-
tions). The final structure of the dCK model was exam-
ined with both PROFILES-3D,! associated with
Insight II, and PROCHECK,?° which predict the accu-
racy and stereochemical quality.

2.3. Docking simulations

Docking simulations were carried out using FlexX,™?!
available with syBYL 6.9, which is a fast algorithm for
the flexible docking of small ligands into fixed protein
binding sites using an incremental construction process.
The active site regions for the comparative FlexX dock-
ing simulations of dC, Cyd, dA, dG, CdA, and Ara-C
with dCKm and dCKc were constructed based on previ-
ously reported structural information.!%!8

The obtained docking simulations were scored using the
CScore™ program, which is a consensus scoring pro-
gram that integrates multiple well known and exten-
sively applied scoring functions?! available with syBYL
6.9. CScore™ scoring functions include root mean square
distance (rmsd) values,>?> Chemscore (scores based on a
diverse set of 82 ligand—receptor complexes),?* D_score
(scores based on both electrostatic and hydrophobic
contributions to the binding energy),”* G_score (scores
ligand-receptor complexes having many polar interac-
tions),?> FlexX_score (based on empirical functions),?!
and PMF_score (scores based on statistical ligand—
receptor atom-pair interaction potentials).?

In case of dCKc, docking was carried out with and with-
out active site water molecules using the Place Particles
option of sYBYL 6.9. Docking with dCKm was carried
out without placed water molecules. The terminology
used in the following for water-containing and water-
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Table 1. Interaction distances between functional groups of substrates and active site aa residues

Enzyme Subst D133 Q97 Y86 E197 Water-5'-OH ES53 R104 R128 Conﬁg.h
dCKe dc? 2.9 3.1 2.7 2.6 2.7 2.6 5.1 2.9 anti
dCKc(ww®)  dC® 2.8 2.8 28 29 2.3 3.1 6.8 45 anti
dCKe(ww®)  dC° 2.9 2.9 2.8 2.9 2.5 3.4 6.8 4.6 anti
dCKc(wow') dC® 2.5 29 2.7 2.8 — 5.0 7.0 6.0 anti
dCKc(ww®) dA® 23 5.7 3.0 3.4 3.0 3.1 6.5 4.0 syn
dCKc(wow') dA® 4.0 2.6 3.5 22 — 4.6 3.8 2.7 anti
dCKe(ww®) dG®  13.3 18.4 12.5 8.9 8.5 3.8 12.0 5.4 syn
dCKc(wow’) dG® 9.1 6.1 9.1 6.2 — 5.1 9.1 29 syn
dCKm' dc? 5.0 2.7 43 3.0 — 29 2.7 3.5 syn
dCKm dAY 42 3.0 3.9 29 — 2.9 3.1 3.9 anti
dCKm dG* 6.3 3.0 2.6 2.8 — 2.6 2.7 2.8 anti
dGKe ATPE 4.0 (D147) 2.7 (QI11) 2.7 (YI00) 2.6 (E21I) 3.8 6.6 (E70) 2.7 (R118) 4.0 (RI42) anti

#Data taken from Ref. 16 with dC as the substrate of dCKc.
® Data for dC, dA, and dG docked into dCKc.

¢Data of dC docked into dCKc using Autodock3.0.

9Data for dC, dA, and dG docked into dCKm.

¢ Docking was carried out with crystal water molecules.

f Docking was carried out without crystal water molecules.

¢ Data taken from Ref. 34 with ATP as substrate in the nucleoside binding site of dGKc.
f‘syn and anti refers to the conformation of the base portion of the dC, dA, and dG. The ribose conformation was in all cases C3’-endo.
! Details of interaction distances between specific groups of ligands and active site aa’s of dCKc(ww) and dCKm are shown in Figure 5A-C.

Table 2. FlexX_score, G_score, and rsmd data of docking simulations
and the corresponding Ky values

Enzyme Substr. rmsd FlexX G_score Kq (uM)"’
dCKc(ww®) dC 2.1 -22 —211 1.25£0.10
dCKce(ww®)  AraC 2.8 —17 —191 1.60 £ 0.15
dCKc(ww®) Cyd 5.0 —16 —178 2.70 £ 0.20
dCKm CdA 2.5 —17 —180 095+ 0.10
dCKm dA 2.2 —15 —175 1.90 £ 0.10
dCKm dG 0 —11 —114 3.90 £ 0.20

#Docking was carried out with water molecules.

free dCKc are dCKc(ww) and dCKc(wow) [see also
footnote of Tables 1 and 2].

2.4. Biological data

K4 values of dC, AraC, Cyd, CdA, dA, and dG with
dCK, obtained from previous studies,!” were used for
correlation with the CScore™ scoring functions of the
nucleosides obtained from the docking simulations.
The binding affinity (Kj4) of a substrate to dCK is here
defined as minimum concentration of a nucleoside (in
uM) required to obtain half maximum fluorescence
intensity at 335 nm with dCK (0.4 uM).'>'7 As deter-
mined previously,?”?® k.,/Ky values, which define the
efficiency of phosphorylation of a nucleoside by dCK,
are not indicative of the affinity or binding strengths
between nucleosides and an enzyme such as dCK.

3. Results and discussion
3.1. Homology modeling
Our approach was to use the homologous structure of
the purine nucleoside specific conformation of dGKc

(with ATP bound) as a template in order to develop a
purine nucleoside specific model of dCK for CAMD.

It should be noted that the resolution of dGKc is
2.8 A, which is marginal for modeling studies.>’> How-
ever, dGKc, having 53% sequence identity with dCK,
is currently the only purine nucleoside specific kinase
available for the development of a purine nucleoside
specific dCK.

The sequence alignment of dCK and dGKc is shown in
Figure 1. The boxed regions are structurally conserved
(SCR) and the unboxed regions are structurally variable
regions (SVR). The sequence alignments showed that
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Figure 1. Sequence alignment of dCK and dGKec. The sequences inside
the boxes are SCRs and the loop sequences are SVRs. The defective
aa’s are underlined.
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84% (excluding the tail region) of the dGKc sequence
was conserved in the dCK sequence, indicating a close
structural resemblance between purine nucleoside spe-
cific dGKc and dCK.

The Ramachandran plot of dCKm (K22-F256) (Fig. 2),
produced with PROCHECK, indicated 172 aa (81%) in
the most favored region (A, B, L), 30 aa (14%) in the
additionally allowed region (a, b, 1, p), 6aa (3%) in the
generously allowed region (~a, ~b, ~I, ~p), and 5 aa
(2%) in the disallowed region. Thus, 98% of all torsion
angles are in favorable regions. A good homology model
should show >90% of the data points in the favorable
region®® and torsion angle values for various homology
models found in the literature ranged from 90% to
96%,3933 supporting that dCKm is sufficiently accurate.

The PROFILES-3D identified three imperfect structural
regions in dCKm (F68-M73, K117-E120, and L235-
D238) indicated in Figure 1 by underlined letters. These
were located on the surface of the enzyme about 30 A
away from the active site and did not seem to interfere
with the accuracy of the docking studies described
below.
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3.2. Docking simulations

3.2.1. Analysis of nucleoside binding patterns in the active
sites of dCKc and dCKm. The structural features of
dCKc have been described in detail elsewhere.!® Our
focus in this paper is the differences between the active
sites of dCKc¢ and dCKm, which showed structural vari-
ations in the active site aa residues, notably Y86, Q97,
D133, R104, R128, and E197 (Fig. 3A and B). These
variations created entirely different binding patterns
for pyrimidine and purine nucleosides in dCKc and
dCKm.

Differences in binding between dC and the active site aa
residues of dCKc and dCKm are shown in Figure 3A
and B. In dCKc there was no interaction between
R104 and N3 (5.1 A) while D133 was strongly interact-
ing with 4-NH, (2.9 A). Q97 formed two hydrogen
bonds with N3 and 4-NH,, and R128 interacted via
hydrogen bonding with 5-OH (2.9 A). In contrast, the
strong bond_between D133 and 4-NH, is absent in
dCKm (5.0 A). The resulting lack of stability allows
R104 to extend further into the binding pocket of
dCKm to interact effectively with N3 and 4-NH, impos-
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ﬁ _JeLuids
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SE 63
THE 64—
75 L
135 ET162 200 |
L
180 -135 90 45 90 135 180
Phi (degrees)
Plot Statistics
Residues in most favorable regions [A, B,L] 172 81%
Residues in additional allowed regions [a,b,l,p] 30 14%
Residues in generously allowed regions [~a,~b,~,~p] 6 3%
3Residues in disallowed regions 5 2%
a :- Marked with residue number
Number of non-glycine and non-proline residues 213 100%
Number of G (shown in triangles) and P residues 16
Number of end residues 6
Number of chain end residues not included (K1-K22 & T235-L60) 25
Total number of residues 260

Figure 2. Ramachandran plot of dCKm. A good stereochemical quality of dCKm is demonstrated by the presence of 98% aa residues in favored

regions.
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Figure 3. (A) Alignment of active site residues, R104 and D133, of the dCKc/dC [magenta] and dCKm/dC [green] complexes; (B) alignment of active
site residues, R128 and Q97, of the dCKc/dC [magenta] and dCKm/dC [green] complexes.

ing syn conformation on cytosine, which was further sta-
bilized by hydrogen bonding between the C2 carbonyl
bond and R128. This syn conformation could be consid-
ered as a ‘pseudo-purine’ conformation, in which hydro-
gen bonding of N3 with R104 imitates the interaction
between N7 and R104 in the case of the binding of dG
in dCKm (see Fig. 4).

When dC was docked into dCKc(ww), binding interac-
tions were generated that are similar to those within
the dC-dCK crystal structure'® except for the interac-
tions between R128 and 5’-OH (4.5 A) as well as R104
and N3 (6.8 A) [Table 1 and Fig. 5A]. We do not know
whether this deviation is due to computational or crys-
tallographic errors. However, docking of dC into
dCKc(ww) with another docking program, AutoDock
3.0, prodyced the same deviated pattern (R128/5'-
OH =4.6 A and R104/N3 6.8 A) [Table 1 and Fig.
5A]. These differences in interaction distances between
the FlexX docked dC-dCKc(ww) complex and the
dC-dCK crystal structure also may have contributed

Figure 4. The dG/dCKm complex. The yellow lines represent bonding
interactions in Angstrom.

to the relatively large rmsd value of 2.1 A between both
structures (see Section 3.2.2 for more details).

When dC was docked into dCKc(wow), the distances
between R128/5-OH and R104/N3, respectively, in-
creased further and the interaction distance between
E53 and 5'-OH increased from 3.1 A [dCKc(ww)] to
5.0 A [dCKc(wow)]. This strongly indicates an impor-
tant role of active site water molecules in the accuracy
of docking simulations with pyrimidine nucleosides in
case of dCKec. dC showed anti-conformation
in dCKc(ww) and dCKc(wow), which was also found
in the dC-dCK crystal structure.'®

The binding pattern of dG with dCKm is shown in Fig-
ures 4, 5B, and Table 1. The 3’-OH group showed
hydrogen bonding with Y86 (2.6 A) and E197 (2.8 A)

while 5’-OH interacted with E53 (2.6 A) and RI128
(2.8 A) via hydrogen bonds. The interactions of the
deoxyribose portion of dG with dCKm were similar to
those found in the dC-dCKc crystal structure reported
by Lavie and co-workers!® (Table 1). The extended con-
formation of R104 in dCKm accommodated strong
hydrogen bonding (2.7 A) with N7 while interaction of
the amino group of Q97 stabilized the anti-conforma-
tion of dG via effective hydrogen bonding with the C-6
carbonyl group (3.0 A). dG assumes anti-conformation
in dCKm with optimal interaction distances to almost
all active site aa residues. These interactions correspond
closely with those found for ATP in substrate binding
site of dGKc¢** with the exception of E53/E70 with 5'-

OH (2.6 vs 6.6 A). In case of ATP in dGKc the interac-
tion between E70 and 5’-OH seems to be mediated by a
water molecule, which is situated halfway between both
entities while there is a direct hydrogen bond between
E53 and 5’-OH in the case of dG in dCKm.

The interaction distances of dG with active site aa resi-
dues of dCKc(wow) clearly indicated docking to the
protein in some distance from the active site, which be-
comes even more pronounced when dG is docked to
dCKc(ww) (Table 1). The active site volume of dGKc
(ID code: ljag) [1108 A] is slightly larger than that of
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Figure 5. (A) Schematic representation of the docked pose of dC in the
dCKc(ww) active site; (B) schematic representation of the docked pose
of dA in the dCKm active site; (C) schematic representation of the
docked pose of dG in the dCKm active site. The dotted lines represent
interaction distance in Angstrom.

dCKm [1070 A], which is significantly larger than that of
dCKc (ID code:1p60) [858 A]. The van der Waals vol-

umes of dC[634 A%], dA[681 A’], and dG[713 A?] reflect
these differences in active site volumes of dCKc, dCKm,
and dGKc, respectively, to some extent. dG has the larg-
est volume of all three nucleosides and the active site of
dCKc is significantly smaller than those of dCKm and
dGKec. Consequently, the unfavorable binding orienta-
tion of dG in dCKc may be attributed to the steric
interference.

Docking of dA into dCKm (Table 1, and Fig. 5C) re-
sulted in anti conformations with binding interaction
comparable to those of dG in dCKm. Overall, the inter-
action distances between dA in both dCKc(ww) and
dCKc(wow) are significantly improved compared with
those of dG in the same structures with slightly more
favorable values for dCKc(wow).

3.2.2. Comparison of scoring functions and Ky values. For
the comparison of scoring functions with experimental
data, the nucleosides dC, AraC, Cyd, CdA, dA, and
dG were docked into dCKc and dCKm. Experimental
data were previously published Ky values of these
nucleosides with dCK (Table 2). The scoring functions
were FlexX_score and G_score, which are included in
the CScore™ module of FlexX.

In case of the purine nucleosides CdA, dA, and dG, we
explored overall four different docking approaches to
correlate FlexX_scores and G_scores with experimental
K4 values: (a) FlexX/G_scores were obtained by docking
the purine nucleosides into dCKc with and without
water molecules. (b) Rebuilding of the structure of
dGK by substituting the active site aa’s of dGKc with
those of dCK, which produced an active site with an
identity score of 54% and rmsd of 6.8 A compared with
the dCKm active site. FlexX/G_scores were then ob-
tained by docking the purine nucleosides into this struc-
ture with and without water molecules. (¢) FlexX/
G_scores were obtained by docking the purine nucleo-
sides into dCKm with water molecules generated by
adding the coordinates of the active site water molecules
of dGKec. (d) FlexX/G_scores were obtained by docking
the purine nucleosides into dCK without water mole-
cules (dCKm).

Only in case of (d), FlexX and G_score scores did corre-
late with the experimental Ky values of the purine nucleo-
side as shown in Table 2. Also, in some of models
including water molecules, substrate docking outside
of the binding pocket was observed. This excludes the
possibility of utilizing the models described under a—c
for CAMD. Docking of the three pyrimidine nucleo-
sides dC, AraC, and Cyd into dCKc(ww) also produced
high correlation of FlexX and G_scores with experimen-
tal Ky values (Table 2).

Data from the scoring functions Chemscore, D_score,
and PMF_score were not presented because they
appeared to be random. Only data from FlexX_score
and G_score correlated adequately with the Ky values
of various nucleosides probably because they are based
to a substantial degree on polar receptor-ligand interac-
tions,>> which dominate in the protein—substrate com-
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plexes analyzed here. In general, the rmsd value of a
docked ligand is calculated using the coordinates of
the same ligand in the crystal structure as a reference
and optimal ligand—protein interactions are defined by
rmsd values <2 A.'®° The rmsd value obtained in this
way_for dC and AraC in dCKc(ww) were 2.1 A and
2.8 A, respectively (Table 2). These relatively high rmsd
values could be due to the fact that both reference nucleo-
side structures were imperfect within dCKc, with for
example, missing bonds between N-1 and C’-1, missing
C-2 carbonyl, and a missing proton at 4-NH,. For the
calculation of the rmsd values of Cyd, the coordinates
of dC in dCKc were used since the corresponding refer-
ence ligand was not available. For the same reason, the
coordinates of the best-docked pose of dG in dCKm was
used as the reference in the case of dCKm for the calcu-
lation of all rmsd values. We adopted the criteria that
‘relative’ rmsd values <3.0 A are indicative of appropri-
ately docked ligands whereas values >3.0 A indicate no
docking. In previous CAMD studies with estrogen
receptor ligands, rmsd values obtained in this way still
allowed a fairly accurate estimation of the degree of li-
gand—protein interaction.>”-3® Nevertheless, such relative
rmsd values have to be interpreted with caution.

4. Summary and conclusions

A purine nucleoside specific homology model of dCK
was created using dGKc as the template. The active site
of dCKm was considerably larger than that of dCKc,
which, in combination with structural alterations includ-
ing in particular aa residues Y86, Q97, D133, R104,
R128, and E197 resulted in preferential binding of the
purine nucleosides dA and dG as substrates compared
with the presumably pyrimidine nucleoside specific
dCKc, which showed preference for dC.

The obtained results from our docking studies indicated
that in case of docking of dC into dCKc, water mole-
cules appear to be important for accurate docking while
in particular for docking of dG into dCKm, the absence
of water molecules seems to be an important factor for
accuracy. Similar scenarios have been observed for
HSV1 TK and VZV TK, which belong to the same
deoxynucleoside kinase family as dCK.?** Data from
crystallographic studies as well as from docking studies
with homology models indicated that the presence and
absence of active site water molecules is a crucial factor
in the binding modes of pyrimidine nucleosides such as
dT versus purine nucleoside such as acyclovir and gan-
cyclovir with HSV1 TK and VZV TK 404!

The results of our studies suggest a model with two dif-
ferent conformational states of dCK, as proposed by
Bohman and Eriksson,>® which may be caused by spe-
cific interaction of substrates with different structural
features. A so-called induced fit of a substrate in the ac-
tive site of an enzyme leading to a specific conformation
of that site has been observed in various enzyme sys-
tems>**4?*3 including HSV-1 TK.** We hypothesize that
the difference in pyrimidine and purine specific confor-
mations of dCK could be the result of a similar process,

which could encompass the inclusion and exclusion of
active site water molecules caused by conformational
rearrangements of the active site.

Scoring functions of the pyrimidine nucleosides, dC,
AraC, and Cyd with dCKc(ww) and the purine nucleo-
sides, CdA, dA, and dG with dCKm correlated with the
corresponding Ky values. This supports the conclusion
that dCKc and dCKm may be suitable for the prediction
of the inhibitory capacity of novel nucleosides for anti-
viral and anticancer therapy.
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