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SUMMARY

In order to understand further the molecular mode of action of 5-Aza-2’-deoxycytidine
(5-AZA-dCyd), a potent antileukemic agent, we prepared enzymatically 5-Aza-2’-deoxy-

cytidine 5’-triphosphate (5-AZA-dCTP) and performed studies with purified DNA polym-
erase a and DNA methylase from mammalian cells. DNA polymerase a catalyzed the
incorporation of 5-AZA-dCTP into DNA. The apparent Km value for 5-AZA-dCTP was
estimated to be 3.0 �M; the Km of dCTP was 2.0 �LM. The apparent Vmax of 5-AZA-dCTP
was slightly lower than that for dCTP. 5-AZA-dCTP was a weak competitive inhibitor

(K1 4.3 �LM) with respect to dCTP. Template studies with 5-AZA-dCTP showed that this
nucleotide analogue was incorporated into poly(dIC), but not into poly(dAT), suggesting
that the incorporation follows the rules of Watson-Crick base pairing. Incorporation of 5-

AZA-dCTP into hemimethylated DNA produced a significant inhibition of DNA meth-

ylase. These results show that 5-AZA-dCTP is a very good substrate for DNA polymerase
a and that its incorporation into DNA inhibits DNA methylation.

INTRODUCTION

5-AZA-dCyd2 is a nucleoside analogue of deoxycytidine
differing only by the replacement of carbon atom 5 by a
nitrogen atom. It is an effective antileukemic agent in
animal models (1-3) and in humans (4). The antineo-
plastic action of 5-AZA-dCyd can be reversed by deoxy-
cytidine (1, 5). The active metabolite is the nucleotide
derivative, since cells deficient in deoxycytidine kinase

are resistant to 5-AZA-dCyd (6). It has been proposed
that the lethal action of 5-AZA-dCyd is due to its incor-
poration into DNA (2, 7), possibly producing an interfer-
ence in DNA function due to the chemical instability of
the nucleoside analogue (8).

Recent reports indicate that 5-AZA-dCyd incorpora-
tion into DNA can induce cellular differentiation by
producing some degree of hypomethylation of cytosine
in DNA (9-11). In mammalian cells, about 3% of the

cytosine moieties in DNA are present at 5-methylcyto-
sine, with methylation taking place inunediately after
DNA replication (12). Currently, it is proposed that the
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degree of DNA methylation is related to gene expression
(12). It has been suggested that 5-AZA-dCyd incorpora-
tion into DNA can inhibit DNA methylase (9, 10, 12, 13).

In this report, in order to understand the mechanism
of action of 5-AZA-dCyd, we have investigated the inter-
action of its triphosphate derivative, 5-AZA-dCTP with
a mammalian DNA polymerase. We have also investi-
gated the incorporation of 5-AZA-dCTP into DNA and
its relationship to template activity for DNA methylase,
an enzyme that uses S-adenosylmethionine as a methyl
donor.

Our results indicated that 5-AZA-dCTP is as good a

substrate as dCTP for the DNA polymerase. The in vitro
system used to study the methylation showed that a
small number of 5-azacytosine residues present in DNA
can significantly inhibit DNA methylase. The results
presented here with purified enzymes are consistent with
the reports on cellular studies that 5-AZA-dCyd is readily
incorporated into DNA (2, 14) and produces hypomethy-

lation (9, 10, 13).

MATERIALS AND METHODS

Nonraclioactive nucleotides were obtained from P-L Biochemicals

(Milwaukee, Wisc.) Radioactive nucleotides and S-adenosyl-L-[methyl-

3H]methionine were purchased from New England Nuclear of Canada

(Montreal). 5-AZA-dCyd was synthesized by Dr. A. PIskala and ob-

tamed from Chemapol (Prague, Czechoslovakia). [3H]5-AZA-dCyd (20
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bated with nucleosidemonophosphate kinase and nucleosidediphos-

phate kinase for 3 hr at 25#{176}.The reaction mixture (2 ml) contained

Ci/mmole) was a gift from Dr. J. Vesely. Poly(dAT), nucleosidemono-

phosphate kinase (ATP:nucleosidemonophosphate phosphotransfer-

ase, EC 2.7.4.4), nucleoside 5’-diphosphate kinase (ATP:nucleo-

sidediphosphate phosphotransferase, EC 2.7.4.6), Escherichia coli

DNA polymerase I (deoxynucleosidetriphosphate:DNA deoxynucleo-

tidyltransferase, EC 2.7.7.7), and S-adenosylmethionine were obtained

from Boehringer Mannheim Canada (Montreal). Poly(dIC), DNA from

calf thymus, and Micrococcus luteus were purchased from Miles Bio-

chemicals (Rexdale, Ont.). The cation-exchange resin AG-1X8 and Bio-

Gel P-2 were supplied by Bio-Rad Laboratories (Mississauga, Ont.).

DEAE-cellulose Whatman DE53 was obtained from Mandel Scientific

(Rockwood, Ont.). DEAE-Sephadex A-25 and Sephadex G-25 were

supplied by Pharmacia Canada Ltd. (Montreal). Deoxyribonuclease I

(EC 3.1.4.5) was purchased from Worthington Biochemicals (Freehold,

N.J.).

DNA polymerase a from calf thymus was partially purified by a

modification of the method of Momparler et al. (15). The DEAE-

cellulose step was omitted. The specific activity was about 2.2 units/

mg. One unit of enzyme activity was defined as the amount of enzyme

catalyzing the incorporation of 1 .0 nmole of radioactive nucleotide into

an acid-insoluble product per 10 mm at 37#{176}.More than 99% of the

enzyme activity was inhibited by N-ethylmaleimide (10 mM) or NaCl

(250 mM), indicating nonsignificant contamination with DNA polym-

erases fi and y.

DNA methylase (S-adenosylmethionine:DNA-cytosine 5-methyl-

transferase, EC 2.1.1.37) was purified from L1210 leukemic cells by salt

extraction of isolated nuclei and DEAE-cellulose chromatography (16).

DNA polymerase assay. DNA polymerase activity was assayed by

the filter disc method (17), using Whatman GF/C glass-fiber discs (2.4-

cm diameter). The composition of the reaction mixture is given in the

legends to the tables and figures. The reaction mixture was diluted with

3.0 ml of cold 5% trichloroacetic acid, placed on the filters, and washed

twice with cold 5% trichloroacetic acid and once with ice-cold ethanol.

The disc was then dried at 500 and placed in a toluene-based scintillant

for radioactivity analysis. Denatured DNA was obtained by heating a

solution of native calf thymus DNA [1.0 mg/ml in 10 m� NaC1 and 1.0

mM EDTA (pH 8.0)] at 100#{176}for 15 mm and placing it immediately on

ice. Under these conditions a hyp#{231}rchromic shift of 35% at 260 nm was

attained.

DNA methylase assay. DNA methylase activity was assayed by

using specific DNA templates. In a reaction mixture of 50 �il, 1 1.5 (Ag of

DNA methylase were incubated with the DNA template, 0.45 nmole of

S-adenosyl-L-[methyl-’HJmethionine (1 (ACi), 2.5 (Amoles of Tris-HC1

(pH 7.5), 2.5 (Amoles of EDTA, 16 (Ag of bovine serum albumin, and 0.5

(Amole of fl-mercaptoethanol at 37#{176}for the indicated time and assayed

using the GF/C filter method described above. Treatment of the

radioactive product of the reaction with deoxyribonuclease I, RNAse,

or proteinase K (Beckman Instruments, Palo Alto, Calif.) showed that

>95% of radioactivity incorporated was present in DNA.

Preparation of DNA. M. luteus DNA used in methylation experi-

ments was treated with proteinase K and extracted with phenol-chlo-

roform. This purified DNA was used as a template for DNA methylase

and in the nick-translation (18) experiments.

Synthesis of5.AZA-dCTP. 5-AZA-dCTP was synthesized enzymat-

ically from 5-AZA-dCyd. 5-AZA-dCMP was synthesized first using

deoxycytidine kinase (NTP:deoxycytidine 5’-phosphotransferase, EC

2.7.1.12) partially purified from calf thymus (19). The reaction mixture

(5 ml) contained the following: Tris-HC1 buffer, 50 mM (pH 7.4); ATP,

5 mM; MgCl2, 5 mM; 5-AZA-dCyd, 10 (Amoles; the enzyme, 6.0 units; and

10% (v/v) glycerol. The reaction mixture was incubated for 2 hr at 37#{176}

and deproteinated by ice-cold ethanol (10 ml). 5-AZA-dCMP was

purified by column chromatography on AG-1X8 resin (0.8 cm2 x 35

cm) using a linear gradient of NaCI (0-800 mM) containing 5 m�i Tris-

HC1 (pH 7.4). 5-AZA-dCMP was concentrated on a small column of

DEAE-Sephadex A-25 (0.4 cm2 x 4 cm) and desalted by column

chromatography on Bio-Gel P-2 (0.6 cm2 x 54 cm). The final yield of

this procedure was about 20%. Purified 5-AZA-dCMP was then incu-

ATP, 5 mM; MgCl2, 5 mM; Tris-HC1, 50 mist (pH 7.4); nucleosidemono-

phosphate kinase, 2.5 units; and nucleosidediphosphokinase, 4.0 units.

The reaction was terminated by the addition of ice-cold ethanol (2 ml).

The final product, 5-AZA-dCTP, was purified by column chromatog-

raphy as described above for 5-AZA-dCMP. The yield of the synthesis

from 5-AZA-dCMP was estimated to be about 45%. [3HJ5-AZA-dCTP

was also synthesized enzymatically using radiolabeled [3H]5-AZA-

dCyd. The total synthesis was made in one step with the three kinases

in the same reaction mixture described above, and the [3H]5-AZA-

dCTP was purified on a small column of AG-1X8 resin. The final yield

of this synthesis was about 50%.

Synthesis of hemimethylated DNA. The nick-translation reaction

(18) was used to incorporate 5-methyl-dCTP or 5-AZA-dCTP into the

DNA of M. luteus. In this reaction, traces of DNAse I nicks the DNA,

and E. coli DNA polymerase I incorporates the deoxynucleotides into

DNA in a repair-type reaction. In typical experiment, 7 (Ag of purified

M. luteus DNA; 10 mM Tris-HC1 (pH 7.8); 5 ms� MgC1; 20 � each of

dATP, dGTP, and dTTP; 2 mr�i /9-mercaptoethanol; 2.5 units of E. coli

DNA polymerase I; 5 pg of DNAse I; and 100 (AM 5-methyl-dCTP in 50

)Ll were incubated at 14.5#{176}for 60 mm. At the end ofthis period, template

activity of this DNA was determined by adding 5.0 m�i EDTA, 9 (AM S-

adenosyl-L-{methyl-3HJmethionine (1 (ACi), and DNA methylase (11.5

(Ag) to the reaction mixture (final volume: 77.5 �tl). The incubation was

then continued for 90 mm at 37#{176},and the acid-insoluble radioactivity

was determined on GF/C filters.

Synthesis of hemimethylated DNA that contained 5-AZA-dCyd

residues. Two successive nick-translation reactions were performed to

produce a hemimethylated DNA that contained 5-azacytosine moieties

(18). After the first nick-translation reaction as described above, the 5-

methyl-dCTP was removed from the reaction mixture by spin dialysis

(20) through a small column of Sephadex G-25 (0.5 ml); a second

reaction of nick-translation was performed on this DNA. The reaction

mixture (50 (Al) contained 3.5 (Ag of hemimethylated DNA; 10 mrsi Tris-

HC1 (pH 7.8); 5 mM MgCl; 20 (AM each of dATP, dGTP, and dTTP;

various concentrations of 5-AZA-dCTP or dCTP (control); 2.5 units of

E. coli DNA polymerase I; and 5 pg of DNAse I. After incubation at

14.5#{176}for 30 mm, 20 (Al EDTA (200 mM), DNA methylase (11.5 (Ag of

protein), and 0.45 (Amole of S-adenosyl-L-[methyl-3H}methionine (1

(ACi) were added to determine the methylase template activity of the

DNA. The reaction mixture was incubated for 90 mm at 37#{176},and the

acid-insoluble radioactivity was determined on GF/C filters.

RESULTS

Kinetic studies on 5-AZA-dCTP and DNA polymerase
a. The effect of 5-AZA-dCTP on the reaction rate of

DNA polymerase a in the presence of different concen-
trations of [3H]dCTP is shown in Fig. 1. The data have
been plotted according to the method of Lineweaver and
Burk (21). The inhibition produced by 5-AZA-dCTP
appeared to be competitive with respect to [3H]dCTP.
The apparent Km for [3H]dCTP incorporation was esti-
mated to be 2.0 /LM. The apparent I(� for 5-AZA-dCTP
was 3.4 �LM. The apparent Vmax for the reaction using [3H]
dCTP as the reactive substrate was about 5500 pmoles
incorporated/20 mm/mg of protein.

The effect of dCTP on the reaction rate in the presence
of different concentrations of [3H]5-AZA-dCTP is shown

in Fig. 2. The inhibition produced by dCTP appeared to
be competitive with respect to [3H]5-AZA-dCTP. The
apparent Km for [3H]5-AZA-dCTP and K1 for dCTP
obtained from this plot were estimated to be 3.0 and 1.6
/.LM, respectively. The apparent Vmax for the reaction using
[3H]5-AZA-dCTP as the radioactive substrate was 4630

pmoles incorporated/20 mm/mg of protein. A summary
of the kinetic data obtained from three or more deter-
minations is presented in Table 1.
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FIG. 1. Effect of 5�,47.�4.dCTP on reaction rate in the presence of

different concentrations of[3H]dCTP

The reaction mixture (50 �tl) contained 10 jzmoles of potassium

phosphate (pH 7.2); 0.3 (Amole of MgCl2; 10 �tg of denatured DNA; 2.5

nmoles each of dATP, dGTP, and dTTP; 0.01 unit of DNA polymerase

from calf thymus; and the indicated concentrations of [3H]dCTP (8.5

x i0� cpm) and 5-AZA-dCTP. The mixture was incubated at 37#{176}for 20

nun and assayed as described under Materials and Methods. 0, No 5-

AZA-dCTP; �, 5-AZA-dCTP, 5 (AM; L� 5-AZA-dCTP, 10 (AM.

Template requirements for the incorporation of 5-

AZA-dCTP into DNA. The template requirements for
[3H]5-AZA-dCTP, [3H]dCTP, and [3H]dTTP incorpo-

ration were investigated using the two synthetic polyde-
oxynucleotides, poly(dIC) and poly(dAT) (Table 2).
These experiments showed that [3H]5-AZA-dCTP incor-
poration into poly(dAT) was negligible as compared with
its incorporation into poly(dIC). [3H]dCTP incorporation
was similar to the incorporation of [3H]5-AZA-dCTP for

these two synthetic polydeoxynucleotides. [3H]dTTP
was incorporated into poly(dAT), but not into poly(dIC).

Hemimethylated DNA is a better template for DNA
methylase activity. Since hemimethylated DNA is the
most active template for DNA methylase (22), we used
the nick-translation reaction (18) to incorporate 5-
methyl-dCTP into DNA. Micrococcus luteus DNA was
used in this reaction because of its high GC content

(70%). As shown in Fig. 3, after the incorporation of 5-
methyl-dCTP into DNA, there was a significant increase
in the methyl acceptability of the template. Under the
experimental conditions used, the optimal amount of 5-
methyl-dCTP incorporated into DNA that gave the max-
imal methyl acceptor activity occurred after 50 mm of

incubation with DNAse I and Escherichia coli DNA
polymerase I. Increasing the incubation time beyond 60

I/s (S#{176}pM 5AZAdCTP)

FIG. 2. Effect ofdCTP on reaction rate in the presence of different

concentrations of[3H]5-AZA-dCTP

The reaction mixture (50 �d) contained 7.5 �tmoles of potassium

phosphate (pH 7.2); 0.3 (Amole of MgC12; 10 (Ag of denatured DNA; 2.5

nmoles each of dATP, dGTP, and dTTP; 0.03 unit of DNA polymerase

from calf thymus; and the indicated concentrations of [3H]5AZA

dCTP and dCTP. The mixture was incubated at 37#{176}for 20 mm and

assayed as described under Materials and Methods. 0, No dCTP; �,

dCTP, 5 (AM; El, dCTP, 10 (AM.

mm resulted in a loss of methyl acceptor activity of the
DNA.

5-AZA-dCTP incorporation into hemimethylated

DNA inhibited DNA methylase activity. The results
obtained, when hemimethylated DNA that contained 5-
azacytosine was used as a template for DNA methylase,
are summarized in Table 3. A schema for the experimen-
tal plan is shown in Fig. 4. The first nick-translation

reaction was used to incorporate 5-methyl-dCTP to syn-
thesize hemimethylated DNA. This DNA was used as a
template for a second nick-translation for 5-AZA-dCTP
incorporation. This hemimethylated DNA that con-
tamed 5-azacytosine residues was then tested for its
template activity for DNA methylase. The incorporation

of 5-AZA-dCTP into DNA produced a marked reduction
in methyl acceptor ability mediated by DNA methylase.

TABLE 1

Summary of kinetic data for DNA polymerase reaction

Km and K, values are the means of at least three determinations ±

standard deviation

Substrate K,� K, Vma,

(AM (AM pmoles incorporated/
20 mm/mg protein

dCTP

5-AZA-dCTP

1.8 ± 0.8

3.0 ± 0.7

2.2 ± 0.4

4.3 ± 1.0

5500

4630
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TABLE 3

Incorporation of5-AZA-dCTP into DNA inhibits DNA methylase

3-C G-C G-5’ 3’-CG-CG-5’

2.0

5’-G C-G C-3’

5- CH3-dCTP

CH3 CH3

-C G-C G-

I
zu)
Oa)
-

0z

>-E

F- - .0
wo

5’ - G C - G C - 3’

DNA Polymerase, DNAse I

CH3 CH3

-C G- C G -

-G C-G C- -GC--GC-

5-AZA - dCTP

CH3 CH3

-C G -C 6-

I DNA Polymerase , DNAse I

CH3 CH3

-C 6- C 6 -

-6 AZA-G C- -6 C- G C -

DNA MethylaseSAM

CH3 CH3

-C 6 -C G-

CH3 CH3

-C 6- C 6 -

20 FIG. 4. Experimental procedure used to prepare DNA template

containing 5-AZA.cytosine residues

The first step involved preparation of hemimethylated DNA with 5-

methyl-dCTP (5.CH3dCTP). Second, 5-AZA-dCTP was incorporated

into hemimethylated DNA. Third, the DNA containing 5-azacytosine

(AZA ) was tested for its ability to accept methyl groups from 5-

adenosyl-L-methionine (SAM) in a reaction catalyzed by DNA meth-

ylase.
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TABLE 2

Template requirements of5-AZA.dCTP incorporation

The reaction mixture (100 (Al) contained 20 (Amoles of potassium

phosphate (pH 7.2), 0.6 (Amole of MgCl2, and 1.0 A�ao of poly(dIC) or 0.5

A� of poly(dAT). Where indicated, 10 nmoles of [3H]dTTP (4.0 x i0�

cpm) and 50 nmoles ofdATP or dGTP and 0.03 unit ofDNA polymerase

a were added to the reaction mixture. Where indicated, also, either 10

nmoles of[3H]dCTP (4.7 x iO� cpm) or 10 nmoles of[3H]5-AZA-dCTP

(1.2 x iO� cpm) and 50 nmoles of dATP or dGTP were added to the

mixture. The reaction mixtures were incubated at 37#{176}for 20 mm.

Substrate Template Incorporation produced by
DNA polymerase

pmoles/20 mm/mg
protein

dTTP poly(dIC) <2
dCTP 23

5-AZA-dCTP 16

dTTP poly(dAT) 107

dCTP <2
5-AZA-dCTP <2

The use of different concentrations of 5-AZA-dCTP in
the above reaction showed that the greater the extent of
incorporation of this nucleotide analogue into DNA, the
greater the reduction of the template activity for DNA

methylase. In a similar experiment using [3H15-AZA-
dCTP, we estimated that as little as 1 nucleotide incor-
porated out of 2000 base residues reduced template ac-
tivity by more than 50% (data not presented).

DISCUSSION

Since the lethal action of 5-AZA-dCyd is suspected to
be due to its incorporation into DNA (2, 7), it was of
interest to study the interactions of 5-AZA-dCTP with

0 30 60 90

TIME (minutes)

FIG. 3. Effect of duration of the nick-translation reaction with 5-
methyl-dCTP on the methyl acceptor activity of DNA

Different incubation times were used to show the effect of nick-

translation reaction containing 5-methyl-dCTP on template activity for

DNA methylase.

Hemimethylated DNA was prepared by using 5 methyl-dCTP. After

the removal of 5-methyl-dCTP by spin dialysis, 5-AZA-dCTP or dCTP

was incorporated into the hemimethylated DNA. The DNA was then

used as a template for DNA methylase.

Experimental condition Methyl incorporated Inhibition

pmoles %

Control 22.9 ± 1.5 -

+5-AZA-dCTP, 4.25 (AM 4.0 ± 1.6 84

+5-AZA-dCTP, 0.50 (AM 7.5 ± 0.4 63

+5-dCTP, 4.25 (AM 21.0 ± 0.2 8

+5-dCTP, 0.50 (AM 22.6 ± 2.0 1

purified mammalian DNA polymerase. We also studied
the effects of this incorporation on the methylation of
cytosine in DNA in a reaction catalyzed by purified DNA

methylase. Our results showed that the affinity of the
catalytic site of DNA polymerase a for 5-AZA-dCTP was
similar to that of dCTP as indicated by the similar Km

values for these substrates (Table 1). In addition, dCTP

and 5-AZA-dCTP incorporation into DNA proceeded at
a comparable rate as shown by their similar Vmax values.
These results demonstrate that the two substrates have

the same potential to be incorporated into DNA. 5-AZA-
dCTP and dCTP were also found to be weak competitive
inhibitors of each other as indicated by their similar K1
values (Table 1). These results indicate that the catalytic
site of the polymerase did not differentiate between these
two substrates, suggesting that the molecular conforma-

tion of 5-AZA-dCTP is very similar to that of dCTP.

- G AZA-G C - -G C- G C -

CH3 CH3
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Data on template specificity suggest that the incorpo-

ration of 5-AZA-dCTP follows Watson-Crick rules of
base pairing, since the nucleotide analogue was incorpo-

rated into poly(dIC) but not into poly(dAT) (Table 2).

These template requirements are in agreement with
quantum chemical calculations on the base pairing of 5-

azacytosine with guanine (23). In support of our interpre-
tation of these data is the report of Landolph and Jones
(24), which show that 5-AZA-dCyd is not an active mu-
tagen in mammalian cells. Our kinetic and template
experiments indicate that 5-AZA-dCTP was as good a
substrate as dCTP to be incorporated into DNA by
mammalian DNA polymerase a and are in accord with
cellular studies which show that radiolabeled 5-AZA-
dCyd is readily incorporated into DNA of mammalian

cells (2, 14).
The actual mechanism by which 5-AZA-dCyd pro-

duces its lethal effect as a result of its incorporation into
DNA is not known. It is possible that the chemical
instability of the azacytosine ring of this antimetabolite
(8) may interefere with DNA function. Alternatively, the
inhibition of DNA methylation observed in cells treated

with 5-AZA-dCyd (9, 10, 14), may be an important factor
relative to its antineoplastic activity, since DNA meth-
ylation appears to play an important role in gene expres-
sion and cellular differentiation (12). Therefore, it was

important to investigate this phenomenon. 5-AZA-dCyd

may act against leukemic cells by inducing them to
differentiate so as to lose their proliferative potential
(25). This hypothesis prompted us to analyze the conse-

quences of 5-AZA-dCTP incorporation into DNA with
respect to DNA methylation.

Our experimental approach was to incorporate 5-AZA-
dCTP into DNA using DNA polymerase and to use this

5-azacytosine-containing DNA as a template for DNA
methylase. Since hemimethylated DNA (presence of 5-
methylcytosine in one strand of duplex DNA) is the best

template for DNA methylase (22), we used the nick-
translation reaction (18) to incorporate 5-methyl-dCTP

into DNA. Under the experimental conditions used in
this report, the optimal incubation time for this reaction
was 50-60 mm (Fig. 3). Longer incubations resulted in a
significant reduction in template activity for DNA meth-
ylase, possibly due to the incorporation of 5-methyl-
dCTP into both strands of DNA. A second-nick-transla-
tion reaction was used to incorporate 5-AZA-dCTP into

the hemimethylated DNA.
The incorporation of 5-AZA-dCTP, but not dCTP, into

hemimethylated DNA produced a significant inhibition
ofthe DNA methylase reaction (Table 3). Very low levels
of 5-AZA-dCyd incorporation markedly reduced the tem-
plate activity of the DNA for DNA methylase. It was

estimated that the presence of 1 5-azacytosine moiety
out of 2000 base residues produces greater than 50%
inhibition. Free 5-AZA-dCTP at a concentration of 8.5
/.LM did not directly inhibit DNA methylase (data not
presented). This result shows that the incorporation of
5-AZA-dCTP into DNA inhibits DNA methylase activ-
ity. These results agree well with the observations that
treatment of cells with 5-azacytosine analogues produces
a significant inhibition of the methylation of cytosine
residues in DNA (9, 10, 13, 26).

In cellular studies the inhibition of DNA methylation
by 5-azacytosine analogues was clearly demonstrated by

measuring the incorporation of radioactive uridine into

5-methylcytosine and cytosine in DNA (10, 13, 26, 27).
Since the DNA from these cells was hypomethylated, it
was a better template for DNA methylase than DNA
from untreated cells. Apparently, in the intact cell the
presence of 5-azacytosine in DNA blocks the progression

of DNA methylase along the newly synthesized DNA,

producing hemimethylated DNA, which is an excellent
in vitro template for this enzyme (28). However, if there

is extensive incorporation of the analogue into DNA so
that 5-azacytosine is present at most of the potential
methylation sites, there is a significant reduction in tem-

plate activity (13, 27, 28, 29). In our study, starting with
hemimethylated DNA, which is already a very active
substrate for DNA methylase, we demonstrated that the

incorporation of 5-AZA-dCTP into DNA produces an
inhibition of this enzyme (Table 3).

The data presented in this report give some insight

into the mechanism of action of the antineoplastic agent,
5-AZA-dCyd, with respect to its inhibition of DNA meth-
ylation in cells. The incorporation of 5-AZA-dCTP into
specific nucleotide sequences of DNA may prove to be
an interesting tool in studies on DNA-mediated transfor-
mation to elucidate further the biological role of DNA

methylation.
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