
(CANCER RESEARCH 48, 2774-2778, May 15, 1988]

DNA-directed Actions of 3-Deazaguanine: Effects on DNA Integrity and DNA
Elongation/Li gat ion1

Russell O. Pieper,2 Katherine A. Kennedy, and H. George Mandel3

Department of Pharmacology, The George Washington University Medical Center. Washington, D.C. 20037

ABSTRACT

The cytotoxic action of the guanine analogue, 3-deazaguanine, was
shown previously to be closely associated with deazaguanine-induced
inhibition of DNA synthesis and incorporation of deazaguanine into DNA.
The DNA-directed effects of the compound have been further investigated
by studying the effect of deazaguanine on DNA integrity, and on the
ability of pulse-labeled LI 210 cells to synthesize full length DNA.
Deazaguanine caused DNA single strand breaks in newly synthesized
DNA but not in preformed DNA. The amount of DNA single strand
breaks correlated with both deazaguanine exposure and with the amount
of deazaguanine incorporated into the DNA. When cells were allowed to
recover in drug-free medium for 12 or 24 h after drug exposure little
effect on either the amount of DNA single strand breaks or cell viability
relative to controls was observed. Dea/agua nine also inhibited the ability
of 1.1210 cells to synthesize full length DNA after pulse labeling of
DNA. This effect was temporally related to the inhibition by deazagua
nine of total DNA synthesis.

INTRODUCTION

3-Deazaguanine is a guanine analogue whose cancer chemo-
therapeutic properties are currently being investigated clinically
(2). Deazaguanine has been shown to have activity against a
number of tumor cell lines in vivo (3) and in vitro (4-8). The
compound has multiple biochemical effects, including selective
depletion of intracellular GTP pools (8, 9), inhibition of en
zymes involved in guanine nucleotide biosynthesis (10-12),
inhibition of DNA and protein syntheses (6, 7, 13), and incor
poration of the analogue into RNA and DNA (9). In LI210
cells, the effects of 3-deazaguanine most closely associated with
deazaguanine-induced cytotoxicity are inhibition of DNA syn
thesis and incorporation of deazaguanine into DNA (9), sug
gesting that the DNA-directed actions of the compound were
important in the cytotoxic action of the drug. For this reason
the DNA-directed effects of deazaguanine were examined fur
ther by studying the effect of deazaguanine on DNA integrity
and by assessing the ability of LI210 cells treated with deaza
guanine to synthesize full length DNA.

At cytotoxic concentrations, deazaguanine caused DNA SSB4

only in newly synthesized DNA, and the levels of DNA SSB
correlated with the amount of deazaguanine incorporated into
DNA. Deazaguanine-induced DNA SSB persisted for at least
24 h after drug removal. Deazaguanine also decreased the
ability of LI210 cells to elongate/ligate small pieces of DNA
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into full length DNA. This effect appeared to be temporally
related to the inhibition of total DNA synthesis by deazagua
nine. These results suggest an important role for the DNA-
directed actions of deazaguanine in the cytotoxicity of the
compound.

MATERIALS AND METHODS

[2-14C]dThd (52 mCi/mmol) and [methyl-3H]fThd (20 Ci/mmol)
were purchased from ICN Biochemicals, Inc. [2-'4C]3-Deazaguanine
mesylate (9.47 mCi/mmol) and 3-deazaguanine mesylate were gener
ously provided by Dr. R. Jackson, Warner Lambert Co., Ann Arbor,
MI.

Cell Culture. LI210 cells were grown under 5% CO2/95% air in
RI'M I 1640 medium supplemented with 10% dialyzed horse serum, 60

jig/ml penicillin G, and 100 Mg/ml streptomycin sulfate. Cell number
was determined by a Model ZF Coulter Counter (Coulter Electronics).
Cells were diluted regularly to maintain logarithmic growth.

Colony Formation Assay. Colony formation assays were carried out
in a manner similar to that described by Chu and Fischer (14) and as
previously described (9).

Determination of DNA Synthesis. L1210 cells (2 x 105cells/ml) were

exposed in triplicate to 500 MM deazaguanine for l h or 30 MM
deazaguanine for 24 h. The cells were then washed with fresh medium
and resuspended in drug-free medium at 37Â°C.At appropriate intervals

after drug removal, duplicate cultures of cells were incubated for 15
min with [3H]dThd (1 ud/m\ culture). An equal volume of cold 0.9%

NaCl solution was added to each sample to stop the reaction, and the
samples were processed as previously described (9, 15).

Determination of Deazaguanine Incorporation into DNA. LI 210 cells
(2.5 x 10* cells/ml) were incubated with [2-'4C]deazaguanine (3 to 50

MM;specific activity, 4.11 mCi/mmol deazaguanine), for 12 or 24 h.
DNA was isolated from these cells by cesium sulfate density gradient
centrifugation (9, 16). The amount of deazaguanine incorporated per
lig,DNA from LI210 cells was determined as previously described (9).

Determination of Deazaguanine Effects on DNA Integrity. Initial
alkaline elution experiments were performed to determine if deaza
guanine caused SSB in newly synthesized DNA, preexisting DNA, or
both. To study drug effects on newly synthesized DNA, cultures of
L1210 cells were incubated simultaneously with [2-14C]dThd (0.01 iiC\/

ml culture; specific activity, 52 mCi/mmol) and drug (either 4, 10, or
30 MMdeazaguanine) for 12 or 24 h. The cultures were then washed
and resuspended in fresh drug-free medium. To study drug effects on
preexisting DNA, L1210 cultures were prelabeled with [14C]dThd(0.01
/<('i/nil culture) for 18 h, washed, resuspended in medium containing 1

MMunlabeled dThd, and incubated for another 6 h. Following this
incubation, the cultures were incubated with 0 or 30 MMdeazaguanine
for 24 h. The amount of DNA SSB in the cells was assessed by the
alkaline elution technique (17). The amount of DNA SSB was expressed
as rad equivalent DNA SSB, as described by Kohn et al. (18). Although
the results are compared on a rad equivalent basis, there is no impli
cation that the analogue-induced breaks are analogous biologically to
X-ray-induced SSB.

The ability of LI210 cells to repair deazaguanine-induced SSB was
also studied. L1210 cells were simultaneously incubated with ["< '|dThd

and 30 MMdeazaguanine for 24 h, followed by recovery in drug-free
medium containing 1 MMunlabeled dThd for 12 or 24 h at 37"( ' before

alkaline elution analysis.
To assess the stability of deazaguanine-containing DNA to alkaline

elution conditions, DNA from L1210 cells incubated with 30 MM[14C]
-deazaguanine (specific activity, 4.11 mCi/mmol) and 1 MM[3H]dThd

2774

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/48/10/2774/2431453/cr0480102774.pdf by guest on 19 M

ay 2023



DNA DIRECTED ACTIONS OF 3-DEAZAGUANINE

(specific activity, 0.1 mCi/mmol dThd) for 24 h was isolated by cesium
sulfate density gradient centrifugador! as previously described (9). DNA
(15 Mg)was added to either 1 ml H.,() or 1 ml of alkaline elution buffer
at pH 12.1. The samples were left at room temperature in the dark for
16 h. The samples were then analyzed for 3H and 14Cdpm as described

previously for deazaguanine incorporation (9). DNA, double labeled
with | 'Hjd'l'hd and [>4C]deazaguanine, and exposed for 16 h to alkaline
elution buffer, had a '""('/"11 ratio no different from that of double-

labeled DNA not exposed to alkaline elution conditions [2.95 Â±0.13
(SD) versus 3.01 Â±0.08, respectively]. These data indicate that any
cleavage of the DNA strands observed in deazaguanine-treated cells
was not artifactual due to depurination of deazaguanine under the
alkaline conditions.

Deazaguanine was found to be at least 95% stable for 24 h under the
experimental conditions of growth. Incubation of the drug in 0.005 M
potassium phosphate buffer at pH 7.4 at 37Â°Cled to gradual decom

position, with 70% recovery after 1 week, as determined by isocratic
high pressure liquid chromatography using a Whatman Partisil-10 SCX
column (Whatman Inc., Clifton, NJ) and 50 ^M NH4H2PO4 mobile
phase.

Determination of Deazaguanine Effects on DNA Elongation/Ligation.
Drug effects on DNA elongation/ligation were determined by an alka
line elution technique similar to that described previously (19). DNA
elongation/ligation experiments examine the increase in size of a pulse-
labeled, newly synthesized, growing piece of DNA with time (measured
as a decreasing number of rad equivalent SSB with increasing incuba
tion time after pulse labeling).

To determine the dose-dependent effect of deazaguanine on DNA
elongation/ligation, LI210 cells were incubated for 15 min with ['I I|-

dThd (1 fiCi/ml culture; 52 mCi/mmol). The cells were then washed,
and resuspended in medium containing 0, 100, 250, 500, or 1000 /i\t
deazaguanine plus 1 Â¿fMunlabeled dThd, or 2 j<\i ara-C plus I MM
unlabeled dThd, for 1 h. At the end of the incubation, the cells were
washed, resuspended in medium containing only 1 /<Munlabeled dThd,
and incubated for 4 h. The cells were then carried through the standard
alkaline elution procedure (17).

To measure the time course of elongation/ligation in deazaguanine-
treated cells, L1210 cells were incubated with 500 J/Mdeazaguanine for
1 h and then allowed drug-free recovery periods of 0, 1, 2, 4, or 7 h
prior to alkaline elution. In other experiments, after pulse labeling,
cells were incubated with 0, 10, or 30 ^M deazaguanine or 0.2 /Â¡Mara-
C for 12 h and carried through alkaline elution without a drug-free
recovery period.

Statistics. Lines were fitted to data points by linear regression, and
correlation coefficients were determined by a computer-assisted pro
gram. Statistical significance was determined by the use of Student's t

test.

RESULTS

Determination of Deazaguanine-induced SSB in Preformed and
Newly Synthesized DNA. Incubation of [14C]dThd prelabeled

LI210 cells with 30 UM deazaguanine for 24 h resulted in no
detectable SSB (Fig. 1). Simultaneous 24-h incubation of L1210
cells with 30 fiM deazaguanine and [14C]dThd did, however,

result in detectable DNA SSB (Fig. 1). The amount of DNA
SSB in the cells incubated with the lower [deazaguanine] x t
values was at the limit of detection of the alkaline elution
technique (approximately, 30 rads) (20). Even though at the
lower [deazaguanine] x t values the degree of cell damage was
limited, the amount of DNA SSB in these cells correlated with
deazaguanine exposure, expressed as [D] x t (Fig. 2).

Correlation of Deazaguanine-induced SSB with Deazaguanine
Incorporation into DNA. To assess the relationship between the
degree of deazaguanine-induced SSB and deazaguanine incor
poration into DNA, the values for deazaguanine-induced rad
equivalent SSB were plotted versus the amount of deazaguanine
incorporated into DNA under similar conditions of drug ex-
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Fig. 1. Effect of deazaguanine on the integrity of preformed and newly
synthesized DNA. Muto cultures were either prelabeled with [uC]dThd, then
incubated with 0 (O) or 30 (x) /i\i deazaguanine for 24 h, or were simultaneously
incubated with ["CJdThd and 30 Â»Mdeazaguanine for 24 h (A). Alkaline elution

was then performed on the cultures, as described in the text. â€¢,cultures prelabeled
with [14C]dThd followed by 300 rads X-irradiation.
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Fig. 2. Relationship between deazaguanine-induced SSB and deazaguanine
exposure. Rad equivalent DNA SSB in LI 210 cells simultaneously incubatedwith |'!l|d'I lui and 4, 10, or 30 JIMdeazaguanine for 12 (â€¢)or 24 (â€¢)h were

plotted versus the cellular deazaguanine exposure. Deazaguanine exposure was
expressed as the product of the concentration of deazaguanine, |l>], and the
duration of exposure, t. Points, mean Â±SD (bars) of 3 to 4 experiments.

posure, as previously determined (9). A correlation existed
between deazaguanine-induced rad equivalent SSB and deaza
guanine incorporation into DNA (Fig. 3).

Limited Recovery of LI 210 Cells from Deazaguanine-induced
Toxicity and DNA Damage. The ability of cells to recover from
deazaguanine-induced toxicity and the ability of cells to repair
drug-induced DNA damage were assessed by incubating LI 210
cultures with 0 or 30 ^M deazaguanine for 24 h, washing the
cells, and then allowing the cells to recover in drug-free medium
for 12 or 24 h before initiating alkaline elution or colony
formation assays. Cultures incubated with 30 //M deazaguanine
for 24 h, then allowed to recover for up to 24 h before plating,
showed a small but significant increase (P < 0.05) in viability,
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Fig. 3. Relationship between deazaguanine-induced DNA SSB and incorpo

ration of deazaguanine into DNA. Rad equivalent DNA SSB in LI210 cells
simultaneously incubated with | 'M)d I lui and 4, 10, or 30 /Â¿Mdeazaguanine for

12 (â€¢)or 24 (â€¢)h were plotted versus the amount of deazaguanine incorporated
into DNA (expressed as pmol deazaguanine per Mg DNA, as previously deter
mined) (9) after similar deazaguanine exposure. Points, mean Â±SD (bars) of 3 to
4 experiments.

Table 1 Limited recoveryof LI210 cells from deazaguanine-induced toxicity and
DNA damage

Rad equivalent DNA SSB (alkaline elution assays) and cell survival (colony
formation assays) were assessed in LI210 cells simultaneously incubated for 24
h with [3H]dThdand 30 MMdeazaguanine (for SSB assays) or 30 Â¿IMdeazaguanine
alone (for viability assays), and then allowed to recover 0, 12, or 24 h in drug-
free medium. DNA synthesis was measured by the [3H]dThd incorporation
technique. Each value represents the mean Â±SD for 3 to S experiments.

Treatment

Rad
equivalent Survival (% DNA synthesis

SSB control) (% control)

Control 0.0 Â±5.4 100 Â±6.3 100 Â±6.3
30 ?M deazaguanine, 24 h, 0- 45.1 Â±5.2 0.77 Â±0.01 10.3 Â±0.4

h recovery
30 MMdeazaguanine, 24 h, 44.8 Â±9.1 1.25 Â±0.13 23.8 Â±1.7

12-h recovery
30 ^M deazaguanine, 24 h, 50.3 Â±5.4 1.7 Â±0.10 34.3 Â±4.9

24-h recovery

no change in the amount of DNA SSB detected, and only a
partial recovery from inhibition of DNA synthesis (Table 1).

Effect of Deazaguanine on 1.1210 Cell DNA Elongation/Li-
gation. Experiments designed to study the effect of deazagua
nine on DNA elongation/ligation were based on studies dem
onstrating that elongation/ligation of relatively short DNA
stretches (about 500 Â¿tM,3 to 4 replicons) to full length DNA,
can be assessed by calculating the reduction in apparent rad
equivalent SSB following [3H]dThd pulse labeling of LI210
cells (19). The time-dependent increase in DNA strand length
in L1210 cells following ['11]d'Midpulse labeling is illustrated

by the control curve in Fig. 4. Immediately following the 15-
min pulse labeling of LI210 cells, the labeled DNA eluted as
short DNA segments equivalent in size to those produced by
approximately 550 rads X-irradiation [approximately 650 Â¿im
long, based on frequency of SSB (19)]. As incubation time after
pulse labeling increased, the amount of apparent DNA SSB
decreased (i.e., length of labeled DNA increases), such that at
4 to 8 h after pulse labeling, labeled DNA was almost fully
ligated and at full length. Studies of drug effects on DNA

elongation/ligation were performed similarly with cells pulse
labeled with [3H]dThd and subsequently incubated with deaza

guanine. Addition of drug after pulse labeling of the DNA
eliminated the effects of drug on initiation of DNA synthesis.

The effect of a 1-h, 500 ^M deazaguanine exposure on DNA

elongation/ligation was examined 0, 1, 2, 3, 5, and 8 h after
pulse labeling and was compared to controls. Cultures incubated
with deazaguanine had significantly ( /' < 0.05) greater amounts

of DNA SSB than controls in the first 2 h after pulse labeling;
the amount of DNA SSB in both control and deazaguanine-
treated cultures was similar from 3 to 8 h after pulse labeling
(Fig. 4). Cells treated with 2 ^M ara-C, a DNA-incorporating
agent believed to act as a chain terminator (21), contained DNA
which had the equivalent of 135 Â±6.3 rads DNA damage 4 h
after a 1-h incubation with that drug.

The dose-dependent effects of deazaguanine on DNA elon
gation/ligation were determined in experiments in which cells
were pulse labeled for 15 min with [3H]dThd, treated with 100,

250, 500, or 1000 //M deazaguanine, or for comparison, 2 /J.M
ara-C [approximately a 50% cytotoxic dose (16)] for 1 h, and
then allowed to recover for 4 h. ara-C treated cells had consid
erably more SSB (135 rad equivalents) and thus had elongated
and/or ligated their DNA less effectively than [3H]dThd pulsed

control cells (approximately, 50 rads). The same was true to a
lesser extent for cells treated with 500 or 1000 Â¿tMdeazaguanine
(88.0 Â±7.1 and 85.9 Â±9.5 rads SSB, respectively). The extent
of elongation/ligation in cells treated with 100 or 250 /JM
deazaguanine was not significantly different from that of con
trol cells.

Experiments were also performed to assess the effect of long
exposure, low concentration deazaguanine on DNA elongation/
ligation. L1210 cultures which had been pulse labeled with [3H]

tlTlul were continuously incubated for 12 h with no drug, 10
or 30 Â¿IMdeazaguanine, or 0.2 /IM ara-C. The results of these
experiments are shown in Table 2. Even 12 h after [3H]dThd

labeling, cultures continuously incubated with 10 or 30 Â¿IM
deazaguanine or 0.2 /j\i ara-C showed significantly greater
DNA fragmentation than control cultures, which had com
pletely ligated their DNA.

DNA Synthesis Inhibition by Deazaguanine. The effect of 500

600

400

S 200

CONIROL

1 f 72345

HOURS Â»FTEI PULSE UIEUM

Fig. 4. Time course of the effect of deazaguanine on DNA elongation/ligation.
1.1210 cells were pulse labeled with [3H)dThd for 15 min, incubated with 0 (I.I)
or 500 (â€¢)iiM deazaguanine (/>). or 2 n\i ara-C (O) for 1 h, then allowed to
recover for 1, 2, 4, or 7 h in drug-free medium. Alkaline elution was performed
on the cultures, and rad equivalent SSB were determined. Points, mean Â±SD
(bars) of 3 to 4 experiments.
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/UMdeazaguanine on total DNA synthesis was examined by
measuring [3H]dThd into the acid-insoluble fraction of 1,1210

cells incubated with 500 fi\i deazaguanine for 1 h. A 500 ^M I
h exposure to deazaguanine decreased total DNA synthesis by
50% (Fig. 5). The effect was short-lived, with DNA synthesis
levels returning to control values within 2 h after drug removal.
The transient inhibition of total DNA synthesis by this short-

term exposure to 500 /JM deazaguanine was similar to that
noted for the effect of an identical deazaguanine exposure on
DNA elongation/ligation, suggesting a temporal association
between the effects of deazaguanine on DNA synthesis and
DNA elongation/ligation. This rapid recovery from inhibition
of DNA synthesis following drug removal differed, however,
from the slow and incomplete recovery from inhibition of DNA
synthesis seen after long exposure of cells to low concentrations
of deazaguanine (Fig. 5; Table 1).

DISCUSSION

Previous studies have suggested that the incorporation of
deazaguanine into DNA correlated closely with drug-induced
cytotoxicity (9). Other nucleic acid base analogues such as ara-
C and 6-thioguanine which are also incorporated into DNA
produce DNA damage detected as single strand breaks (22-
24). Therefore, the potential of 3-deazaguanine to produce
DNA damage and the mechanisms by which such damage may
occur were assessed in the present study.

Significant levels of DNA SSB were found in the newly
synthesized DNA of cells exposed to 30 MMdeazaguanine for

Table 2 Effect of low-dose, long-exposure deazaguanine on DNA elongation/
ligation

L1210 cultures were pulse labeled with [3H]dThd for IS min, incubated with
0, 10, or 30 MMdeazaguanine or 0.2 MMara-C for 0 or 12 h, then carried through
alkaline elution. Rad equivalent SSB were determined for each culture. Each
value represents the mean Â±SD of 3 to 4 experiments.

Treatment after [3H]dThd

pulselabelingControl,

0 h
Control, 12 h
10 MMdeazaguanine, 12 h
30 MMdeazaguanine, 12 h
0.2 MMara-C, 12 hRad

equivalent
SSB540

Â±30.2
0.0 Â±3.4

41.3 Â±12.1
71.5 Â±8.5
77.5 Â±1.6

120

i mo

i= 60

0123456

HOURSAFTERD REMOVAL

Fig. 5. DNA synthesis during and after exposure of LI210 cells to 500 MM
deazaguanine. LI210 cultures were incubated with 500 MMdeazaguanine (D) for
1 h, and levels of DNA synthesis (% control) were assessed (as described in the
text) 0,1,2, 3,4, and 7 h after removal of deazaguanine from the medium. Points,
mean Â±SD (bars) of 3 experiments performed in triplicate.

24 h. The total amount of SSB found in these cells, while small,
was of similar magnitude to that found in cells incubated with
other base analogues (22-24). In addition, the amount of SSB
correlated with incorporation of deazaguanine into DNA, sug
gesting an association between incorporation of the analogue
and DNA damage. The relationship between the presence of
DNA strand breaks and the cytotoxicity of deazaguanine is
unclear and may not exist. The evidence, however, suggests that
many of the DNA-directed actions of deazaguanine occur con-
comitantly. For example, 24 h after drug removal following a
12- to 24-h exposure to 30 MMdeazaguanine, no repair of strand
breakage, recovery of DNA synthesis to only 30% of control
values, and minimal recovery of viability (Table 1) were ob
served. Furthermore, other DNA directed actions of deaza
guanine [incorporation into DNA (9), DNA synthesis inhibition
(9), strand breakage (Fig. 2)] all correlated with the product of
drug concentration and duration of drug exposure. Additional
experiments will be required to determine whether any of these
DNA-directed actions are or are not directly associated with
cell death.

Deazaguanine-induced SSB may be directly due to incorpo
ration of deazaguanine into the DNA or indirectly due to altered
nucleotide pools. These SSB may arise during repair processes
of cells, which recognize deazaguanine or the abnormal incor
poration of another nucleotide as aberrant synthesis and remove
it from the DNA backbone. Subsequently, until the appropriate
nucleotide is inserted, apparent SSB could be detected. How
ever, this appears to be an unlikely explanation because deaza-
guanine-induced breaks persist long after drug removal.

Inhibition of DNA elongation/ligation also appears to be an
important DNA-directed effect of deazaguanine and may serve
as a means by which deazaguanine-induced inhibition of DNA
synthesis, deazaguanine incorporation into DNA, and deaza
guanine-induced cytotoxicity are linked. Alkaline elution meth
ods have been used by others (19) to measure the effects of
drugs on elongation/ligation steps of DNA synthesis. LI210
cells pulse labeled with [3H]dThd for 10 min and immediately

analyzed by alkaline elution had average lengths of labeled
DNA strands of 500 urn representing ligating rather than
individual replicons (=120 Mm). Two h after the labeled dThd
pulse the average length of the labeled DNA fragments was
4300 Mm(19), which corresponds to that of merging replicons.
Thus the alkaline elution technique as used in the present
experiments largely measured the degree of ligation of fully
synthesized replicons. However, smaller pieces of DNA, which
were still replicating and which contributed to average DNA
size calculations made by previous investigators (19), could be
affected by drug treatment and could contribute to the results
observed here.

In the present study, deazaguanine inhibited the ability of
cells to elongate/ligate small, pulse-labeled pieces of DNA into
full length DNA. This effect was noted not only in cells incu
bated for short time periods (1 h) with high concentrations of
deazaguanine (Fig. 4, 500 MM),but also in cells which were
exposed to 10 or 30 MMfor 12 h (Table 2). Similar exposures
(10 to 30 MMdeazaguanine, 12 to 24 h) also resulted in drug-
induced DNA SSB (Table 1; Fig. 2). Because deazaguanine-
induced DNA SSB are found only in cells simultaneously
incubated with deazaguanine and [3H]dThd, these SSB may

represent incompletely ligated replicons rather than full length
DNA that has been broken. Therefore, deazaguanine-induced
inhibition of DNA elongation/ligation may be responsible for
the apparent damage to DNA (single strand breaks). Alterna
tively, the appearance of incompletely ligated replicons in dea
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zaguanine-treated cells could be caused by the removal of dea-
zaguanine residues incorporated into the DNA linking the
replicons together, resulting in apparent single strand breaks.
Also, because the effects of high dose-short exposure of deaza-
guanine on DNA elongation/ligation (Fig. 4) were temporally
associated with inhibition of total DNA synthesis (Fig. 5) under
identical conditions, the effects of short exposure to high con
centrations of deazaguanine on DNA elongation/ligation may
be linked to inhibition of DNA synthesis.

Although it is impossible at this time to specify the mecha
nisms of cytotoxicity of deazaguanine, the interrelated DNA-
directed actions of deazaguanine probably contribute to drug-
induced cell death.
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