
METHIONINE-CYSTEINE DEFICIENCY AND ALKYLATION 
OF DNA IN LIVER, KIDNEY AND LUNG OF MICE 

ADMINISTERED DIMETHYLNITROSAMINE 

MARIA KLAUDE and ALEXANDRA VON DER DECKEN 

Biology 73, Tb Wenner-Gren Institute for Experimental Biology, S-1(X191 Stockholm, Sweden 

Abstract-The cilect of methloninc-cv5trine dcficienq on the meth!;lation of DNA purines h! dimcrh,!)~ 
nitrosamme metahohtes \\a5 studied in s&adult and adult mice. In Ilvcr. no dietary cfl’wt on the \pcc~l~c 
methylation of 7-mcthylgunnine NX ohservcd. while that of 3-mcthyladenine decreawd in the adult 
animals. The specilic methylarion of suanine in the (1’.position and the ratio of O”-meth~l~ua~~i~~c to 
7-methylguanine increased \ignilicantl\ after mcthionlne-c~steinr deficiency. Mcthylation in hldne! 
decreased in subadult but increased ;n adult mice. In lung the amount of 7.mcthglguaninc wa\ 

significantly cle~ated after methionine-cysteine deficiency in both the suhadult and adult mice. ‘l‘hc 
results demonstrate an incrcasc in the specific mcthylation in Il\:er of guanine in the (I”-position h\ the 
mcthioninc-cg5teillc dclicient diet. together %lth diffcrence5 in the methylation pattern het\\ecn org;ln\ 
of the two age groups. 

A’-nitroso compounds act in the body via their con- 
version in the cells to alkylating agents reacting with 
DNA. RNA and protein. The DNA adducts have 
been most extensively studied because alkylation in 
one or several positions will weaken the base pairing 
properties and give rise to an incorrect nucleotide 
insertion during replication. Misreadings of the DNA 
template are thought to be the basis of mutagenic 
and carcinogenic effects by the alkylatin~ agents 
[l-4]. 

mice. The response in liver of the specific methyl- 
ation of guanine in the (P-position was diet depen- 
dent. Methylation distribution between liver. kidney 
and lung showed differences between the age groups 
that were fed on the deficient diet. 

Certain differences in the age dependent sen- 
sitivity to carcinogenic stimuli have been observed 
[S]. The results suggest that in addition to the 
accumulating effects of exposure to carcinogens over 
a period of years. change\ occur in the cells of the 
senescent tissues. 

Marevials. The sources of materials have been 
listed previously [I I]. L-Amino acids obtained from 
Tanabe Seiyaka Co. Ltd. (Osaka. Japan), were ;I 
gift from KabiVitrum (Stockholm, Sweden). 

Aninzctls and diets. White male outbred mice of 

the Naval Medical Institute strain were used. Sub- 
adult mice of 20 g body weight were 30 days old and 
adult mice of 35 g body weight were 60 days old. The 

Enzyme systems participating in the metabolism of 
toxic components as well as in the repair of damaged 
DNA ma? be affected by protein deficiency. Dc- 
ficiency of methionine reduces the capacitv for pro- 
tein synthesis [h]. diminishes its availabjlity as a 
substrate in S-adenosylmethionine reactions [7]. and 
limits its use as a precursor for cysteine. Cysteine is 
an acceptor of reactive methylgroups obtained from 
the procarcinogen dimethylnitrosamine (DMN). It 
has been reported that high dosages have a protective 
effect against Dh4N [Xl. 

Table I. Dictarq composition 

Renal tumour formation increases in rats fed on a 
protein deficient diet prior to administration of DMN 
[9]. The induction of hepatic tumours is depressed, 
and the ability of the liver to metabolize DMN is 
decreased [ 101. This raises the question of whether 
or not. at the lmtlal stage of carcinogenesis. there 
are differences in the level of alkylation in organs 
other than liver during amino acid deficiency, and 
especially during deficiency of methionine and 
cysteine. 

Ingredicnt~ 

Amino acid mixture’ 
Glucow 
Sucrow 
Potato \tarch 
Corn oil 
Salt mixture 
Vitamin mixture 
Cellulose 

(‘ontrol diet 

(f/k&!) 

120 
200 
IO0 
‘SO 
100 
50 

5 
35 

’ C‘onrrol dwr. Compo~itlon of the complete ~I~IIO md 

mixture in mg/,g N was that of whole cge [20] and its follows: 
alaninc. 370: arginine. 3X1: ayartic acid. 601: a\paraeinc. 
381; q\rcine 152: elutamic acid 796; glutamine. (100: rlLw 
207: h-lstidine. 1.52: iwleucine. 393: leucine 551: ly\ine:436: 
methioninc. 210; phcn\lalanine. 3.5X: orollne. X0: \crinc. 
178: threoninc. 3ill: t&ptophan. 93: ;yro\ine. 2hO: 1 ;ilinc 
‘$28. 

In this paper we describe the effect of methionine- 
cysteine deficiency on the methylation of DNA 

E.rpwmer~rul dier. In the c~steine-mcthionine delicicnt 

purines by DMN metabolites in subadult and adult 
diet cys’eine was reduced to I5 mg and methlonine to 21 mg 
and the corrc\ponding nitrogen was added a\ glyine 

3627 
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animals were kept in pairs in each cage. Food and 
water was given act lihirum. The composition of the 
control and experimental diet is given in Table I, 
‘The dietary, mixtures were supplemented with \vater 
and then dried into pelicts at 40”. The tWo age goups 
of mice were fed either the diet containing the control 
amino acid mixture or the mixture clelicient in 
methionine and cysteine. After 6 days .the mice 
received a single intraperitoneal injection of 1 .5 /tCi 
( “C‘)LlMMN (0.5 mgikg body weight) and were killed 
15 min later. 

/.colario~~ of’ I);j’/l. The liver. kidneys and lungs 
\vere removed from the animals and tissues from 4 
subadult or 3 adult mice were pooled. Nuclei of 
the fresh liver \vere isolated with the USC of 2.3 M 
sucrose ~ 1 mM C’aC12 [ 121. DNA was precipitated in 
ethanol after incubation with RNase A (EC‘3.1.3.2) 
and pronase K (EC 3.4.24.4) [ 111. Kidneys and lungs 
were frozen in liquid nitrogen and stored at -80”. 
DNA of these organs was isolated by the phenol 
method [ 131. 

A~~a!\,.sis @ L)iV.A. DNA \vas hydrolysed in 0. I M 
HCI at 70” for 30 min. The hydrolysates (3 mg of 
li\,er DNA. 1 mg of kidney or lung DNA) were 
analysed by column chromatography with the use of 
Sephaclex G IO (I.5 or I.0 x 90 cm). eluting with 
0.05 M ammonium formate ( pH h.Xj containing 
0.02Y Na azide [14]. Fraction5 of 4.5 ml were col- 
lected in scintillation vials. the absorbance at 260 nm 
was measured. and the fractions were then evap- 
orated to drvness. Distilled water and ;I scintillation 
solution were added. and then the level of radio- 
acti\,lty \v;is iiit2awi-t~d [ 111. 

RESUL1‘S 

Dirrtrr,, c;ff&t otf grol1’rll of .sitlxrrl~rlt nrld rrdlrll rlliw 

Male mice were fed a diet containing a complete 
mixture of amino acids or ;I misturc low in 
methioninc and cyteine (IO “; that of the control 
ie\el. Table I). The nitrogen content present in 
the diet corresponded to 12’; protein. In both age 
Sroups the change in body wci&t \vas diet-drpen- 
dent. showing ;I loss in \\eight associated with the 
mrthioninc-c\steine deficient diet (Table 7). The 
\&et weights (;f liver and kidney. hut not lung. were 

sifyificantly diminished in both ;ige youp\ ted the 
d&Gent duct. 

Mrth~l~rliorr o/ I):2’.-I pllritff’.\ 1,~ lir’cr. Xicltrc\ rltrtl /ctr~q 

Methylation \vas determined in DNA of li\el. 
kidney and lung 45 min after injection (if ( “(‘)DXlS 
(Table 3). In the subadult animals the mcthioninc- 
cyteine dcticicnt diet had no effect in li\er on the 
specific meth!~lation of adenine in the N-.? and 
guaninc in the N-7 position. (I”-iiieth~lrua~i~ii~ L 
Increased in two out of three euperimcnt~ and the 
ratio ot 0”-meth~l~ua~iine to 7-rnethvleu~inl~~~ .c ‘ 
increased following methlonin~~~c\steiiie deficieuc\ 
In kidney. the relati\.e decrease in .;-mcth~ladcnii~c 
was more pronounced than that ot ?-meth~le~r~tnili~, 
This \~as also seen in the ratio of ?-mett;!iadenirlc 
to 7-methqlguanine. O”-r~ieth\~leu~l~ii~ie \+as IOR ;mcI 
not used for further calculatib&. In lung. 7-methyl- 
guanine increased twofold after methionine-cys- 
trinc delicicnc\,. The valuc~ for 3-methvl~tdeni~i~ and 
(I”-rnet~i~l~uan;ne MC~C too IOIV to bc ;ntcrpretctl 

In adult mice. the methioninz-~!stein~ deficlt,nr 
diet had no effect in liver on the Ityel ot 7- 
methvl~~uanine. c \\ bile 3-meth\~laderiiric dcci-casual 
ylightlv and 0”-mcth! Iguaninc ‘incre;l~cd markctll\ 
The ratio of Smethyladenine to 7-methylgunnine 
confirmed the decrease in 3-methyladenine. and that 
of Oh-methylguanine to 7methylguanine confirmed 
the increase in 0”-methylguanine, In both kidney 
and lung. 7-methylguanine increased in the deficient 
group and in kidney 3-methyladenine also increased. 
The ratio of Smethpladenine to 7-methvlguanine in 
experiment 5 was lower in the control diet: this was 
due to the marked increase in 7-methylguaninr after 
methionine-cysteine deficiency. 

C’omparison of the spccitic methb I;ltion\ ~ii li\~>i 
bctI\ceii subadult and ;liliilt mice ~liov,ccI similai 

lc\.cls except for ?-meth!,laclcriinc \\ hich \\‘I\ Io\\c\r 
in the adult li\t‘r aflcr iii~thioliiiie~~c\,~tclii~ ilc- 
ficicnc! The inci-cast‘ ot 0”-mcth! lguabiiit in Ihc‘ 
liver of subadult and adult animals considered to- 
gether. following methioninc-c)isteine deficiency. 
was statistically significant (P <. 0.05). Likewise. the 
increased i-at10 of 0”-iiicth!lFu;iiiiii~ to ?nielh\,l- 
guaninc was significant (I’ 0.02.5). In Iuns. the 
increase in 7-meth!l~tlaninc at’rel- Iiit’thloiiinc’~~,\,- 
teine deficient! \\‘;I\ \igniticant (I’ I).01 ) tn t-i,c 
5uhadult and adult anim~ils considered togethci-. Dit- 
fei-ciice\ in mcth!lation bct\3ecii the t\\I, ape g~-oup\ 
\\crc seen in kidnc\. \\itb ;I decrea\c in the sul-r;tdult 
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and an increase in the adult mice fed on the mrth- 

ionine-c)steine deficient diet. In addition. in kidne\, 

the control subadults showed higher \xluec of i- 

methvlouanine than the control adult animals. ^ 

DISC‘I SSIOK 

The present stud! demonstrates that ;I pronounced 

decrease in dietary methioninc and cysteine to ;I IOf; 

level of the control diet changes the metabolic effects 

of DMN on DNA. The increase in the lewl of Of’- 

methylpuanine in liver. and the ekated Ic~el of the 

ratio 0”-meth~lAuanin~ to 7-meth~l~uanine. suggest 

differences in the meth\ Iation pattern of panine. 

The enzymes repairing mrthvlation in the Cl”- 

position of guanine illa> he quanGtativel> decreased 

by the amino acid deticirnc!~. brcau\e weraIl protein 

synthesis in li\yr is diminished by such ;I diet [h]. 

The repairing enrvme is irreversible inactivated after 

acceptance of a ;ingle methvleroup to its c\,steinc 
residue [ 151. The inci-case in ~0’;.mrth~lguarii,i~ rna!~ 

also be esplaincd by changes in the protein con- 

centration of chromatin [ 1 I], Proteins that regulate 

gene actiCty xc bound to the major yrow of the 

DNA helix. specificall\ to 0”-puanine and 7-h;-guan- 

ine [ 161. A phyiolog~cal alteration in the binding 

capacity of the proteins. induced b\, methioninc- 

cysteine deficienq. ma> expose one position c)fguan- 

ine more than the other [ lh] and fawur the methyl- 
ation in the O”-position of guaninc. 

In ;I preCous study. the methionine~c!~tzine con- 

tent of the diet \\ as lo\vercd to 41Cr of the control 

food [ 111. Th‘. I\ modcrate reduction had no effect on 
the concentration of 0”-m~th\;lSuanine in the li\er: 
while the incorporation of (“cc‘) from ( ‘-‘C’)DMN 
into total nuclear protein \V;IS ciecrrjased. in the pre- 

\ious stud\ [I I] ;I dosqe of 5 mp DMN’hg bodv 

weight M;IS injected into mice in\trlad of the 0.5 mg 

used here. In rats. the dose response ot the O”- 

methylguaninr repair is not strictl! linear het\veen 

0.5 and 5 mg of DMN indicating ;I diminished :rctiGt! 
at higher dosage> [ 171. The moderate reduction in 
dietary Inethionine-c!stcin~ u\ecl prwiously iit the 
5 mg DXIN-dosage nas not sufficient to provoke ;I & 
change in the le\,cl of 0”-mrth!Iguaninc in the mice 

[ll].Th I t‘ aver dosage ot DXIN uwd here 1, III enrure 

an optimal repair activity of 0”-meth!lpu~uiiii~ in 

the controls [l7]. Comparison ~a\ made utth the 

deficient mice under the more tawurable repair cow 

dition\ of the control\. and measurable difference\ 

in the mcthvlation of liker guaninc in the 0”-position 

\vere obtained. 

IS> diminishing the dosq~ from 5 ms to 0.5 rn,g,of 

DMN isotope dilution became less and ~radioxtl\It~ 

values increased. This made powihle a significant 

detection of 7-mcthylguanine in kidncq and lung. 

In these tissue\. no diet dependent changes in O”- 

methylguanine \verc noticeable. This may to wme 

extent result from the technical problem-that after 

column chromatograph! 0”-meth~leuaniri~ i\ dis- 

tributed o\t‘i- ;I number of fractions. thu\ making 

evaluation of lo\\ radioactl\ it\ le\.els uncertain. 

However. _%mrth! ladcninc elut& ahead of the other 

methylated purine\ [l-1) and i\ collected in a fw 

fractions: this make< reliable ractioacti\it? mt’a\urc- 

ments possihlc. In li\er. no such prohlem~ ariw 

because thcrc k :I higher Ic\cl of radloacti\ It! than 

in kidne\, and Iun,:. 

The high le\,cl of 7-mcth! I~LI;IIII~C in hitlncv\ of 

thL! control ~LltxlilLllt Illlc‘c’ \\ ;1\1 llecl-ca\LY~ I’\- tt1c 

iiiethiclninc~~\stcin~ dclicicnc\. In coiltimst. the lo\\ 

Ic\cl in the kilt i-01 adult\ &m~d to ;illo\\ for ,I 

further incrraw ;lftCl- mCthic)riinc i‘\\tt’in~ 

dcticl~nC\, 

The ;I& depcndcnt diffcrcnceh ill the mcth! Iat~on 

of hidnr\ DNA indicate an effect of methionirie- 

c\steinc dteticicnc~ on the mct;lholic c;lp,acit! of the 

ti5;auc. Preliminq csperiments 5hoM xl II~~‘I-C;I\C 111 

the le\,el of protein synthesis in kidne!, folio\\in~ 

mcthi~,nin~~-c\~t~ine dcficienw. The incrc;iw v,;~\ 

more pronounwd in adult than wbxlult mice. Thi\ 

suggc\ts differences in cn,yme actI\ ilie\. b~~twc‘c~~ 

the qc groups. L\ hich might Ix interpreted :I\ ;I diet- 

dq~cndcnt reduwtl DMN metatx~li/ir~~ acti\.it\ 111 

the subadult mice. 

The pa-ewlt result\ clcmcm\tratc the requirement 

tar mcthioninc and cytclnc 111 the diet. Deficiency 

of thc\c amino acid\ changed the mcthvlation pattern 

of DN/Z puriiic\. Icacting I(\ an Incrc;isc’cI \pcc‘ific 
methvl;ltion ot livc’i. guaniiic in the 0”-po\itic)n. an 

elC\.ateil o”-lll~th\l~Ll~l~ll~l~ 10 7-ll1ettl~lgLlalllnc ratlo. 

and ;iil inci.c’;ix 111 7-iiletll! IgL1aniil~ Iii the ILrng. i\_gc- 

rulatvd diffcrcrkw in IIWI. \ho\\crl the lo\\c\t content 

ot .i-m~th\ladeniiic Iii adult mice‘ attcr mcthionine 

c\\teinc &ficicnc\. J‘hc dittcrcncc tlt’tn\ccn ~uhadL~lt 

and adult animal\ ot the ?-mettl~l~ll~llllne cr~lltcnt 111 

klclllc~ sugycst\ ;I ctlallgc \\lth age Ill Ihe capaclt! tol 

DhlN met,~boliw which bccome~ ~trcngthcncd 1~~ 

enforcing ;I methionlne-c\~~t~i~~~ dietar\ I-egimcn 
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