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In order to compare the kinetics o f their enzymatic elimination from the D N A  of liver, kidney, 
lung, and brain, the alkylation products 0 4-ethyl-2'-deoxythymidine ( 0 4-EtdThd) and 0 6-ethyl- 
2'-deoxyguanosine ( 0 6-EtdGuo) were quantitated by com petitive radioimmunoassay over a 
period o f 48 h after a single pulse o f the carcinogen N-ethyl-N-nitrosourea (EtNU) applied i.p. to 
10 and 28-day-old BDIX-rats. The content o f 0 4-EtdThd in the D N A  o f all organs analyzed 
remained stable, while 0 6-EtdGuo (initially formed in D N A  with 3 — 4 times higher frequency 
than 0 4-EtdThd) was rapidly removed from the D N A  of liver, followed by lung and kidney, but 
persisted strongly in the D N A  of brain. At 48 h after the EtNU-pulse, the 0 4-EtdThd content o f  
liver DNA exceeded the 0 6-EtdGuo content by about a factor o f 4. Since both 0 6-EtdGuo and 
0 4-EtdThd are miscoding D N A  lesions, the lack o f enzymatic removal o f 0 4-EtdThd is surprising 
in view of the apparent concern o f cells to restore the integrity o f  the O pposition o f guanine. 
Genetic consequences more specifically connected with the formation o f 0 6-alkylguanine in 
DNA might be considered, e.g., possible alterations o f gene expression via interference with 
enzymatic 5-cytosine methylation in 5'-CpG-3' sequences o f newly replicated DNA.

Introduction

With most chemical carcinogens, in itiation  o f the 
multi-step process o f m alignant transform ation and 
tumorigenesis involves structural alterations of 
target cell DNA [1 -3 ]. A class o f carcinogens 
particularly well characterized w ith respect to the 
molecular structure o f their reaction products in 
DNA are the alkylating N -nitroso  com pounds 
[3-8]. Their highly reactive, electrophilic deriv ­
atives (generated in vivo either enzym atically or via 
non-enzymatic decom position o f the paren t com ­
pounds) bind covalently to nucleophilic N  and
O atoms in cellular DNA. Being a function o f the 
type of reaction m echanism  characteristic o f the 
respective agent, the relative extent o f alkylation on
O versus N atoms in D N A  varies strongly for 
different N-nitroso com pounds [1, 3 -4 ] ,  A bi- 
molecular nucleophilic (SN2) reaction will result in 
a lower O /N  alkylation ratio  than an SN2 m echan­
ism with a tendency towards a unim olecular (SN1)
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reaction [4, 9]. The carcinogenic potency o f alkylat­
ing N-nitroso com pounds is positively correlated 
with their respective O /N  ratios, indicating tha t 
alkylation of O atoms in D N A  is o f m ajo r im ­
portance in terms of the carcinogenic effect 
[3,6, 10],

N-ethyl-N-nitrosourea (EtN U ), a highly potent 
carcinogen [10-13] and m utagen [14-16], gives rise 
to a reactive ethyldiazonium  ion via heterolytic 
decomposition under in vivo conditions, and is 
characterized by one of the highest O /N  alkylation 
ratios (~  0.7) so far m easured in cellular D N A  
exposed to alkylating agents [17-18]. A lthough an 
approxim ately equal extent o f D N A  ethylation is 
initially produced in all pre- and postnatal tissues 
[12. 19-20], a single application of E tN U  to rats 
results in the developm ent o f m alignant tum ors at 
high yield almost exclusively in the nervous system, 
with a strong dependency o f the carcinogenic effect 
on developmental stage at the tim e o f carcinogen 
exposure [10-12].

Among the ethylation products found in cellular 
DNA after exposure to EtNU, 0 6-ethyl-2 '-deoxy- 
guanosine ( 0 6-EtdGuo) and 0 4-ethyl-2 '-deoxy-
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thymidine ( 0 4-EtdThd) are of particular interest 
since these alkyldeoxynucleosides represent po ­
tentially m utagenic structural m odifications of 
DNA [21-22], Both 0 6-alkylguanine ( 0 6-alkyl-G) 
and even more so 0 4-alkylthym ine ( 0 4-alkyl-T) 
have been shown to miscode in appropriate test 
systems for DNA synthesis in vitro  [23-25], In the 
DNA of cells exposed to EtNU, 0 4-EtdThd is 
produced 3 - 4  times less frequently than 0 6-EtdGuo
[18]. Contrary to other alkylation products, O 6- 
E tdG uo persists strongly in the DNA of pre- and 
postnatal rat brain, but is rem oved enzymatically 
from the DNA of other rat tissues, most rapidly 
from liver DNA [12, 17, 20], The relative capacity of 
cells for enzymatic elim ination o f 0 6-alkyl-G  from 
DNA may be an im portant risk determ inant in 
relation to m alignant transform ation by N -nitroso 
carcinogens.

It is a question of considerable interest w hether 
m am m alian cells possess (an) enzyme(s) for recog­
nition and removal o f 0 4-alkyl-T from DNA, analo­
gous to the enzyme activity responsible for the 
elimination of 0 6-alkyl-G  [13, 2 6 -3 3 ], or w hether 
both alkylation products could be dealt w ith by the 
same enzyme(s). R adiochrom atographic analyses of 
DNA after a single dose o f [ l - 14C]-N,N-diethyl- 
nitrosamine (DEN) in vivo, suggest that 0 4-EtdThd 
(as the alkylation product 0 2-ethyldeoxythym idine 
[34]) remains detectable over an extended tim e 
period (600 h) in the DNA of Sprague-D aw ley-rat 
liver [35], However, more inform ation on the stab i­
lity of 0 4-EtdThd in m am m alian  DNA is needed, 
since radiochrom atographic data by other authors 
suggest some degree o f elim ination o f 0 4-EtdThd 
from the DNA of BDIX-rat liver and cultured 
hum an fibroblast cell lines [36-37],

Using high-affinity antibodies specifically d i­
rected against 0 4-EtdThd and 0 6-E tdG uo [38, 39] 
we show here by com petitive radioim m unoassay 
(RIA), that the 0 4-EtdThd content o f BDIX-rat 
liver, kidney, lung, and brain DNA does not 
significantly change over a period of 48 h after 
application o f EtNU while, as expected, the 
0 6-EtdGuo content o f D N A  decreases sharply in 
liver, to a lesser extent in lung and kidney, and least 
in brain. In view of the fact that 0 4-alkyl-T and 
0 6-alkyl-G share the general property o f m iscoding 
during DNA replication and transcription [21-25], 
the lack of enzymatic removal o f 0 4-EtdThd from 
DNA is surprising. We, therefore, discuss the

possibility that the particu lar concern o f cells to 
restore the integrity o f the guanine-O 6 position in 
carcinogen-treated DNA, may relate to genetic 
consequences specific to this m odified base, e.g., a 
possible interference w ith 5-cytosine m ethylation at 
5 '-CpG-3' sites in critical gene sequences o f rep li­
cating target cells.

Materials and Methods

E xperim ental anim als an d  carcinogen application

Female rats o f the inbred BDIX-rat strain [40], 
10 or 28 days o f age, were used throughout this 
study. A single pulse o f E tN U  (Roth; recrystallized 
twice from m ethanol), 30, 50, or 75 |!g, respectively, 
per g body weight, was adm inistered in traperi- 
toneally (i.p .) in the form of a freshly prepared 
0.1 m solution in 0 . 1 m  sodium  acetate buffer, 
pH 5.0.

Isolation o f  D N A  and  quantita tion  o f  O ^-E tdThd  and  
0 6-EtdG uo by com petitive rad ioim m unoassay (R IA )

At 1, 24, and 48 h, respectively, after the EtNU- 
pulse, 3 - 5  anim als per tim e point were killed in 
ether anesthesia. Livers, kidneys, lungs, and brains 
were excised and im m ediately frozen in liquid  N 2. 
The DNA was then isolated and enzym atically 
hydrolyzed to deoxynucleosides as described [20, 
39]. The contam ination o f D N A  sam ples w ith RNA 
was <  1%. Concentrations o f dG uo  and dThd in the 
DNA hydrolysates were determ ined spectrophoto- 
metrically after separation by H PLC according to 
Ref. [20]. 0 4-EtdThd and 0 6-E tdG uo concentrations 
were measured by com petitive RIA as previously 
described [39, 41], using affin ity-purified  anti- 
( 0 4-EtdThd) antiserum  E-30 (antibody affinity 
constant, 8.5 x 108l/m ol; 38) and an ti-(O e-E tdG uo) 
antiserum E-3 (antibody affinity constant, 1.8 x 1010 
1/mol; 39), respectively. R adioactive tracers 0 4-Et- 
[6-3H]dThd (spec. act. 17 C i/m m ol) and 0 6-Et- 
[8,5'-3H ]dGuo (spec. act. 33 C i/m m ol), ~  2500 
dpm /100 |il RIA sam ple, and the alkylation p rod ­
ucts 0 4-EtdThd, 0 4-ethylthym ine riboside, O 4- 
methyl-2/-deoxythym idine, 0 2-ethyl-2 '-deoxythym i- 
dine, 3-ethyl-2'-deoxythym idine, and 0 6-E tdG uo, 
were prepared according to Refs. [38] and [39]. W ith 
antiserum E-3, the com petitive RIA specifically 
detects 0.05 pmol o f 0 6-E tdG uo in a RIA -sam ple of 
100 (il at 50% inhibition o f tracer-antibody binding
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Table I. Competitive radioimmunoassay (RIA) for 
0 4-ethyl-2'-deoxythymidine ( 0 4-EtdThd), using a n ti-(0 4- 
EtdThd) antiserum E-30. Inhibition o f tracer ( 0 4-Et-[6- 
3H]dThd)-antibody binding by various alkylated and 
natural nucleic acid components.

Compound (inhibitor) Amount o f inhibitor
required for
50% inhibition o f  tracer- 
antibody binding3

Picomol M ultiple o f  
0 4-EtdThd

0 4-ethyl-2'-deoxythymidine 0.36 1
0 4-ethylthymine riboside 0.36 1
0 4-methyl-2'-deoxythymidine 7 19
0 2-ethyl-2'-deoxythymidine 1000b > 3 x  104
3-ethyl-2'-deoxythymidine 1000b > 3 x  104
0 6-ethyl-2'-deoxyguanosine 210 600
2'-deoxythymidine n.i.d. >  107
2'-deoxycytidine n.i.d. >  107
enzymatic DN A hydrolysate n.i.d. >  107
(deoxynucleosides)

n.i.d.: No inhibition detectable. 
a In RIA-samples o f 100 |il total volume. 
b <10% inhibition at this concentration.

[39], while antiserum E-30 detects 0.36 pm ol o f O 4- 
EtdThd under the same RIA conditions (Table I and 
Ref. [38]). In the case of a n t i- (0 6-E tdG uo) an ti­
serum E-3, a concentration o f 0 4-EtdThd ~  2800- 
fold higher than of 0 6-EtdG uo is required  for 50% 
inhibition of tracer-antibody binding in the com pe­
titive RIA [38], The 0 6-E tdG uo /dG uo  m olar ratios 
determined by RIA were corrected for the respec­
tive concentrations of DNA in the test sam ples w ith 
the use of calibration curves for 0 6-E tdG uo  
measured in the presence o f d ifferent concentrations 
of DNA hydrolysates [39]. C ontrary to the O 6- 
E tdG uo/dG uo values, the 0 4-E tdT hd /dT hd  m olar 
ratios did not require correction for D N A  concen­
tration, as significant changes in the values for 50% 
tracer-antibody binding did not occur in the pres­
ence of concentrations of ^  2 mg o f hydrolyzed 
DNA/ml in the test samples.

To obtain an estimate of the extent o f reduction  
of the 0 4-EtdThd and 0 6-E tdG uo contents in D N A  
due to DNA replication (as opposed to specific 
removal o f these alkylation products from D N A  by 
cellular enzymes), and in analogy to a recently 
published study [20], the average D N A  content o f 
BDIX-rat liver, kidney, lung, and brain, was de ter­
mined at 1 and 48 h, respectively, after i.p . ad ­
ministration of 30 jig o f E tN U /g  to 10-day-old 
BDIX-rats (5— 10 anim als/tim e point).

Results and Discussion

Table II shows the 0 4-E tdT hd /dT hd  and O 6- 
E tdG uo/dG uo m olar ratios determ ined in liver, 
kidney, lung, and brain o f 28-day-old and 10-day- 
old BDIX-rats, respectively, over a period o f 48 h 
after exposure to EtNU. The 0 4-E tdT hd /dT hd  
m olar ratio in DNA was m easured after i. p. 
adm inistration o f 75 (ig of E tN U /g  body weight, 
while the 0 6-E tdG uo /dG uo  m olar ratio  was de ter­
mined after i.p. doses o f 30 and 50 (ig o f E tN U /g , 
respectively. For com parison, the table also contains 
literature data for 0 6-E tdG uo /dG uo  obtained by 
radiochrom atographic analyses o f liver and brain  
DNA after i.p. adm inistration o f 75 (ig o f [1-14C]- 
E tN U /g to 10-day-old BDIX-rats [12, 17], In none o f 
the organs analyzed did the increase in average 
DNA content m easured at 48 h following the lowest 
(i.e., least DNA synthesis-inhibiting; [42]) EtNU-dose 
(30 (ig/g) exceed a factor o f 1.16 (liver o f BDIX-rats 
10 days of age the tim e o f the E tN U -pulse). The 
corresponding factors for kidney, lung, and brain  
were 1.08, 1.11, and 1.08, respectively. Therefore, no 
correction coefficient [20] was introduced to com ­
pensate the reduction in the m easured 0 4-E td T h d / 
dThd and 0 6-E tdG uo /dG uo  m olar ratios by D N A  
replication in the course of the kinetic analyses.

The data com piled in Table II clearly show that 
the ethylation product 0 4-EtdThd is not enzym at­
ically removed to any significant degree from  the 
DNA of BDIX-rat liver, kidney, lung, and brain, 
during an observation period o f 48 h after i. p. 
exposure to 75 (ig o f E tN U /g  body weight. Indeed, 
all 0 4-E tdT hd/dT hd m olar ratios m easured in these 
organs at 1, 24, and 48 h are within ±  22% (S.D.) o f a 
common value o f 4.97 x 10-6. W hile the initial (1 h) 
0 6-E tdG uo/dG uo  m olar ratios after E tN U -doses of 
75, 50, and 30 (ig/g in liver and brain  DN A, and 
after 30 (ig of E tN U /g  in the D N A  o f kidney and 
lung, are all higher than the initial 0 4-E tdT hd / 
dThd m olar ratios, the 0 6-E tdG uo /dG uo  values for 
the DNA of liver, kidney, and lung (but not b rain) 
have decreased below the m ean 0 4-E tdT hd /dT hd  
value at the 24 and 48 h tim e points (Table II). The 
stability o f 0 4-EtdThd in the DNA o f BD IX -rat 
liver, kidney, lung, and brain, as reflected by the 
present m easurem ents, is in agreem ent w ith recent 
radiochrom atographic data for the liver o f fem ale 
Sprague-Dawley rats exposed to the hepatocarcino- 
gen DEN [35], which have suggested a high degree
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Table II. Kinetics o f elimination of 0 4-ethyl-2'-deoxythym idine ( 0 4-EtdThd) and 0 6-ethyl-2'- 
deoxyguanosine ( 0 6-EtdGuo) from the D N A  of liver, kidney, lung, and brain, after a single pulse 
of the carcinogen N-ethyl-N-nitrosourea (EtNU) applied intraperitoneally to 10-day-old 
( 0 6-EtdGuo determinations) and 28-day-old BDIX-rats ( 0 4-EtdThd determinations). 0 4-EtdThd 
and 0 6-EtdGuo were quantitated by competitive radioimmunoassay (RIA).

Organ Dose 
of EtNU  
[Mg/g]

Time after EtNU-pulse (h)

1 24 48 1 24 48

0 4-EtdThd/dThd x 106 0 6-E tdG uo/dG uo x 106

Liver 75 4.6 3.5 4.6 16.5a 3 .6a 1.6a
50 - - - 12.0 2.0 0.87
30 — 7.0 

±  0.1 b
1.2 0.4

Kidney 75 4.8 5.7 4.4 - - -

30 6.2 3.2
± 0 .2 b

Lung 75 5.0 4.1 3.6 - — -

30 6.9 
±  0 .4 b

3.2
± 0 .4 b

Brain 75 6.9 6.4 6.0 11.8 a 8 .2a 6 .9a
50 - — 10.0 7.0 6.3
30 6.3

± 0 .2 b
5.2 

+  0 .3 b

a Data from Refs. 12, 17, and 42 (measured by radiochromatography after i.p. application  
o f [ l - l4C]-EtNU). 
b Mean value ±  S.D.

of persistence o f 0 4-EtdThd in the DNA o f this rat 
organ over an extended time period. As already well 
docum ented in the literature [10, 1 2 -1 3 , 20], the 
data compiled in Table II further show that 
0 6-EtdGuo is most persistent in the D N A  o f BDIX- 
rat brain and most rapidly removed from the D N A  
of liver, followed by lung and kidney.

It should be noted that the present analyses were 
carried out on DNA isolated from whole organs 
composed of m ultiple subpopulations o f cells o f 
different types and states o f developm ent/d ifferen­
tiation and proliferation. The m easured 0 4-E td T h d / 
dThd and 0 6-E tdG uo/dG uo  m olar ratios are thus 
equivalent to m athem atical averages for all cells o f 
a given organ (with little relevance for individual 
cells). Regardless of whether such whole organ data  
indicate persistence of a given alkylation p roduct in 
DNA or rapid enzymatic rem oval, they will be 
strongly biased against sm aller subpopulations o f 
cells with elim ination capacities significantly d iffe r­
ent from those reflected by the m easured overall 
kinetics. No inform ation can be derived, e.g., on the 
frequencies of rare elimination-negative variant cells 
within large elim ination-positive cell populations 
and vice versa. Even m ajor constituent cell p o p u la ­

tions of a given tissue can be severely m isrepre­
sented by average values for whole tissue DNA, 
when they differ strongly with respect to the expres­
sion of enzymes capable o f removing specific, 
carcinogen-m odified com ponents from DNA. This 
is evidenced, e.g., by the high overall com petence 
for enzymatic elim ination o f 0 6-m ethylguanine 
from DNA in the case o f the parenchym al cell 
population o f rat liver as opposed to non-paren- 
chymal liver cells [43]. Recently developed sensitive 
imm unoanalytical m ethods for DNA structurally 
m odified by D N A-reactive carcinogens [44], 
including the use o f high-affinity monoclonal an ti­
bodies in conjunction with electronically intensified, 
direct imm unofluorescence for the quantita tion  of 
very low am ounts o f specific alkyldeoxynucleosides 
in the DNA of individual cells [45-46], will perm it 
more precise inform ation on cellular repair capacity 
to be obtained in the future.

It has not yet been fully established w hether a 
single enzyme, or perhaps m ore than one enzyme, is 
responsible for the specific elim ination o f
0 6-alkyl-G from DNA in m am m alian cells. How ­
ever, it is clear that both bacteria and m am m alian 
cells express, to varying degrees, a rapidly-acting
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0 6-methylguanine-DNA transm ethylase o f m olecu­
lar weight 18000 and 21000 to 22000, respectively, 
which transfers a methyl group from the 0 6-atom  of 
guanine in DNA to one o f its cysteine residues and 
thereby becomes inactivated (“suicide enzym e” 
[26-33]). The bacterial enzyme [27], and to a large 
degree also similar m am m alian enzymes from  rat 
liver [33] and hum an lym phoid cells [32], have 
recently been purified and characterized. A lthough 
less efficiently, these D N A  transm ethylases can also 
remove an ethyl group from  the 0 6-atom  of guanine 
[28, 33], It is surprising that in the response to a l­
kylation damage at least o f the rat organs analyzed 
here (and possibly of a much greater num ber of 
mammalian cell types), enzym atic rem oval o f 
0 6-alkyl-G from DNA  is not accom panied by a 
significant degree of elim ination o f 0 4-alkyl-T, 
although the latter alkylation product m iscodes 
during DNA replication and transcrip tion  to an 
even higher extent [23-25]. The fact that 0 4-alkyl-T 
is formed in the DNA o f cells exposed to alkylating 
N-nitroso compounds to a lower degree than 
0 6-alkyl-G, does not provide a convincing explana­
tion for this phenom enon, since in cells capable o f 
eliminating 0 6-alkyl-G from DNA, persisting
0 4-alkyl-T gradually becomes the predom inant 
miscoding DNA lesion (Table II).

Rather unexpectedly, recent analyses o f the D N A  
of rat liver exposed in vivo to high doses o f non­
alkylating hepatotoxins (e.g. hydrazine [47]), and o f 
purified DNA incubated in vitro w ith the m ajor 
cellular methyl donor S-adenosylm ethionine (SAM 
[48]), have indicated the presence o f 7-m ethyl- and
0 6-methylguanine [47], and of small am ounts o f
7-methylguanine and 3-m ethyladenine [48], in the 
respective DNA preparations. Partly in connection 
with these findings, it has been argued tha t cellular 
enzymes eliminating m ethylated bases from  D N A  
may have evolved, and been conserved in evolu­
tion, (i) in response to a perm anent low “back­
ground” o f undesired base m ethylation by SAM and 
perhaps by non-specific action of D N A  m ethyl- 
transferases normally concerned with 5-cytosine 
methylation in DNA; or (ii) because m ethylated  
bases such as those detected m ight in fact represent 
normal DNA constituents occurring m uch m ore 
transiently than 5-methylcytosine (5-M eC), the only 
modified base so far known in m am m alian  D N A  
[49-51]. These considerations seem to be incon­
sistent with the lack o f enzym atic rem oval of

0 4-ethyl-T from DNA, as observed in the present 
study in 4 different rat tissues, unless, for unkown 
reasons, 0 4-m ethylthym ine cannot be aberrantly  
formed (or does not occur norm ally) in DNA, or an 
enzymatic activity exists in m am m alian cells that 
will remove 0 4-methyl- but not 0 4-ethyl-T from 
D N A

In search o f particular reasons for ensuring selec­
tively the integrity o f the O pposition  o f guanine in 
D N A  one m ight look for genetic consequences 
more specifically connected with 0 6-alkyl-G , i.e., 
different from those shared with 0 4-alkyl-T on the 
basis o f their com mon m iscoding character. One 
property of guanine that distinguishes is from thym ine 
is its particular role in relation to DNA methylation. 
In mammalian DNA ~  3% of all cytosines are m ethyl­
ated in the 5-position, and >  90% of the 5-M eC 
occur in the nucleotide sequence 5 '-C p G -3 ' 
(Fig. 1, A); i.e., depending on species, cell type, and 
state of cellular d ifferentiation and proliferation, 
50-70%  of the C pG  sites in a m am m alian genom e 
contain 5-MeC [49-50]. Enzym atic m ethylation of 
cytosines in specific m am m alian gene sequences can 
block the expression o f genes, probably via altered 
DNA-protein interactions based on a signal function 
of 5-MeC per se and /o r the induction or stab iliza­
tion of local changes in DNA  secondary structure 
[51-53], After a dose of 50 ng o f E tN U /g  (equiv­
alent to about 20% o f the L D 50 in rats [11, 42]), 
which produces 0 6-E tdG uo in DNA at an O 6- 
E tdG uo/dG uo m olar ratio  o f ~ 1 0 -5 (Table II), a 
diploid rat genom e will contain ~ 1 0 3 0 6-E tdG uo 
molecules located in 5 '-(5 -M eC )p (06-EtG )-3 ' sites. 
As detailed in Fig. 1 (B1 and B2), it could be 
speculated that an 0 6-alkyl-G  either persisting un­
repaired through DNA replication 3' o f a 5-MeC in 
the parental DNA strand, or formed 3' o f the corre­
sponding C in the daughter strand imm ediately after 
replication but prior to the action of the D NA cyto­
sine 5-methyltransferase on the newly replicated 
D N A  might mislead or block this enzyme. This 
could lead to an undermethylation of critical gene se­
quences, i.e., possibly facilitate inappropriate gene 
expression. A potential 5-MeC site would also be 
elim inated from the daughter strand (i.e., replaced 
by thymine) when an 0 6-alkyl-G  located 3 ' o f a
5-MeC in the parental strand m ispairs with thym ine 
in DNA replication (Fig. 1, D). A further candidate 
alkylation product for interference with D N A  
methylation is 0 2-alkyl-cytosine, which is form ed in
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(A) 5 ’ -----  ( 5-MeC ) G -----------  3' (PST)
Replica t ion

5 ’ ------ (5-MeC) G -----------  3' (PST)
3 ’ -----------  G C -----------  5' ( DST )

DCMT
3 ’ -----------  G (5-MeC) -----  5' (DST)

(Bl ) 5' -----  (5-MeC) G -----------  3' (PST)
Alkylation

5' -----  (5-MeC) (06 -AlkG) ---  3 ’ (PST)
Rep1i ca t ion

3 ’ -----------  G C -----------  5 ’ (DST)
DCMT (blocked)

3' -----------  G C -----------  5' (DST)

(B2 ) 5' ----- (5-MeC) G ------------ 3' (PST)
Replication

3' ----------- G C -----------  5 ’ (DST)
Alkylat ion

3' --- (06-AlkG) C -----------  5' (DST)
DCMT (blocked)

3 ’ --- (06 -AlkG) C -----------  5' (DST)

(CI ) 5'------  (5-MeC) G -----------  3' (PST)
Replication

3'-----------  G C -----------  5' (DST)
Alkylation

3 ’------------ G ( 02 - AlkC ) ---5' (DST)
DCMT (blocked)

3 ’ ------------ G (0"-AlkC) ---5' (DST)

( C2 ) 5 ’ ------ (5-MeC) G -----------  3' (PST)
Alkylat ion

5 ’ — (02 -Alk , 5-MeC) * G ------ 3' (PST)
Repli cation

3 ' ------------ ? G ----------- 5' (DST)
DCMT (blocked)

3' ------------ ? G ----------- 5' (DST)

(D) 5' ------  (5-MeC) G ----------- 3' (PST)
Alkylation

5' ------ ( 5-MeC) (06 -AlkG)--- 3' (PST)
Replicat ion 

3' -----------  G T ----------- 5 ' (DST)

PST, parental DNA strand. DST, DNA daughter strand. DCMT, DNA cytosine 5~rne'thyltransf erase. 

*, Formation of this product in cellular DNA exposed to alkylating agents not documented.
Fig. 1. Alkylation of the Opposition o f guanine in the D N A  o f  replicating target cells: Possible mechanisms resulting in 
reduced 5-cytosine methylation. (A): Regular mechanism o f postreplicational 5-cytosine methylation by D N A  cytosine
5-methyltransferase (DCMT) in a 5'-CpG-3'-sequence o f the newly synthesized D N A  daughter strand (DST). (B, 1 -2 ):  
Possible interference of 0 6-guanine alkylation with 5-cytosine m ethylation by DCM T. (C, 1 -2 ):  Possible interference o f
0 2-cytosine alkylation with 5-cytosine methylation by DCMT. (D): Elimination o f  a 5-MeC site from DST DN A due to 
( 0 6-alkyl-G):T mispairing in the replication o f a 5 '-(5 -M eC )p (0 6-alkyl-G )-3' sequence in the parental strand (PST).

DNA exposed to EtNU at a sim ilar frequency as
0 4-alkyl-T [18], but requires further study with 
respect to the degree o f its persistence in the D N A  
of different types o f cells (Fig. 1, C l and C2). 
Interestingly, an overall inhibitory effect on D N A  
methylation in cells exposed to various carcinogenic 
chemicals has been reported by several au thors 
(see Ref. [54] for review). If verified by experim ents 
currently in progress, m echanism s o f the type d is­
cussed here would be o f considerable interest in 
relation to the m olecular basis o f m alignant trans­
formation by alkylating N -nitroso carcinogens and

might provide some explanation for the specific 
im portance of a structurally m odified guanine-O 6- 
position in DNA.
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