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When lymphocytes were incubated with L-methionine-(methyl-C 14) for 18 h the methyl group 
was effectively utilized not only for methylation of cytosine but also for the de nova bio-  
synthesis of the pyrimidine and purine bases of DNA. Twice as much label was incorporated 
into cytoplasm as into thymine in the healthy human lymphocytes,  but 2.4 t imes as much label 
was incorporated into thymine as into cytosine in lymphocytes f rom patients with chronic 
lymphatic leukemia.  The ratio between the specific activity of 5-methylcytosine and the spe-  
cific activity of cytosine was four t imes g rea te r  in the patients with lymphatic leukemia than 
in the healthy persons .  

The existence Of a connection between the methylation of DNA and the functional activity of the genes 
has frequently been postulated [3, 11, 12]. Lymphocytes of patients with chronic lymphatic leukemia have 
a flmctional defect, for their  blast  t ransformat ion  reaction to various mitogens is depressed  and delayed by 
comparison with healthy human lymphocytes.  

It is possible that the functional defect of the lymphocytes in chronic lymphatic leukemia may be a t -  
t r ibuted to the charac te r  of methylation of the DNA cytosine,  and the investigation descr ibed below was c a r -  
r ied out to investigate this problem. 

EXPERIMENTAL METHOD 

Experiments  were ca r r i ed  out on lymphocytes isolated [4] f rom heparinized per ipheral  blood of healthy 
human subjects and on lymphocytes f rom patients with chronic lymphatic leukemia.  The isolated cel ls  were 

TABLE 1. Incorporat ion of L-Methionine-(Methyl-C14) into DNA 
Bases  of Lymphocytes  f rom Healthy Human Subjects and Patients 
with Chronic Lymphatic Leukemia 0VI + m) 

Sources of 
lymphocytes 

Donors (4) 
Patients: 
group 1 (4) 
group 2 (3) 

~ n ~  t T 
12,5-+-2,5 14,2~3,3 15,3ml,4 39,625,5 18,4-----1,5 

22,62---6,6 tl,5-----2,0 25,1--'-1,71 11,8--2,8 29,0~6,4 I 

5,6"-3,3 6,1+3,3 41,4-----8,4 20,6"-1,0 26,2~1,21 

0,42-+-0,07 

2,7• 

2,1-+0,4 ~. 

5MC• 
C 

9,8~ 1,2 

50,2-"-4,3 

25,6~1,3 

Note. Number of donors and patients in groups shown in parentheses .  
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suspended in Eag le ' s  incubation medium with the addition of inactivated group AB (IV) s e rum,  ant ibiot ics ,  
and glutamine.  To 1 ml  incubation medium containing 20 �9 106 cel ls  2.5/zCi L-meth ion ine - (methy l -C  14) was 
added. Incubation proceeded  at 37~ for  18 h. The DNA was isolated and purif ied by the usual  methods [7]. 
Hydrolys is  of DNA to bases  was ca r r i ed  out in 85% formic  acid for  1 h at 170~ The resul t ing bases  were  
f rac t ionated  by one -d imens iona l  ch romatography  on FN12 paper  (East Germany)  in a s y s t e m  of i s o p r o p a n o l -  
concent ra ted  H C l - w a t e r  (65:17:18)  for  24-26 h, using 5-methylcytos ine  (5MC) as the r e f e r ence  substance .  
The rad ioac t iv i ty  of the bases  was m eas u red  en a liquid scinti l lation counter  (Nuclear Chicago Mark  I). 

E X P E R I M E N T A L  R E S U L T S  

The r e su l t s  in Table  1 show that the C l s  group of methionine-C 14 is effect ively  ut i l ized not 
only for  methyla t ion of the DNA cytosine of lymphocytes  both f rom healthy pe rsons  and f rom patients with 
chronic  lymphat ic  leukemia ,  but also for  the de novo biosynthes is  of the pyr imidine  and purine bases  of 
DNA. More than twice as much label  was found to be incorpora ted  into cytosine as into thymine in the 
heal thy human lymphocytes .  In lymphocytes  of pat ients  with chronic  lymphatic  leukemia ,  on the other  hand, 
on the average  2.5 t imes  m o r e  label was incorpora ted  into thymine than into cytos ine .  This cons iderable  
incorporat ion of label  into DNA cytosine of the healthy subjects  is evidence that the Cl4-methyl group is 
ut i l ized chiefly in the synthes is  of the pyr imidine  ring through the synthes is  of ca rbamoy l  phosphate or  
a s p a r t a t e .  

Approximate ly  5% of the cytosine in the DNA of m a m m a l i a n  ce l l s  undergoes enzymic  methylat ion with 
the par t ic ipat ion of DNA-methy lase  and of S-adenosylmethionine as the donor of methyl  groups.  Consequent-  
ly, in the exper imen t s  in which methionine-(methyl -C 14) was used incorporat ion of the label into 5MC of the 
lymphocyte  DNA took place,  f i r s t ,  at the nucleotide level  during de novo biosynthes is  of deoxycytidine t r i -  
phosphate ,  and second, at the polynucleotide level  during the specif ic  methylat ion of cytosine by DNA-methy l -  
a ses ,  so that  the pe rcen tage  of methylat ion of cytosine could not be de te rmined .  However ,  s ince 5MC is 
fo rmed  f rom cytosine a l r eady  existing as a component  of the DNA, the ra t io  between the specif ic  act ivi ty of 
5MC and the specif ic  act ivi ty  of cytosine (Activity of 5MC • 20 /Act iv i ty  of C) gives some idea of the f r a c -  
tion of the rad ioac t iv i ty  incorpora ted  into 5MC during the DNA-methylase  react ion and enables the level  of 
methylat ion of DNA cytos ine  in the lymphocytes  of heal thy p e r s o n s  and of pat ients  with chronic  lymphat ic  
leukemia  to be compared ,  despi te  d i f ferences  in the incorporat ion of meth ionine- (methyl -C 14) into DNA 
cytosine  during de novo b iosynthes i s .  It will be c lea r  f rom Table 1 that the ra t io  (5MC x 20/C)  in healthy 
human lymphocytes  is about 10 while the pat ients  with chronic lymphat ic  leukemia  can be divided into two 
groups wi th  r e f e r ence  to this index. Compar i son  of the r e su l t s  with the clinical  p ic ture  of the d i sease  
showed that in pat ients  for  whom the mean value of this ra t io  was 50 had w e l l - m a r k e d  evidence of p r o g r e s -  
s ive leukemia:  an i nc rea sed  leukocyte count, en la rgement  of the pe r iphe ra l  lymph glands,  l iver ,  and spleen,  
a high count of lymphopoiet ic  cel ls  in the bone m a r r o w .  On the other  hand, in the pat ients  whose mean 
value of the ra t io  was 25.6, no evidence of p rogress ion  of the leukemia  was found. 

Healthy human lymphocytes  and lymphocytes  f rom patients  with chronic  lymphat ic  leukemia  are  r e s t -  
ing ce l l s ,  but cer ta in  DNA frac t ions  a re  synthes ized  and methyla ted  for r easons  other than division of 
lymphocytes  [1,2]. These  f rac t ions  may include metabol ic  DNA [9] and mi tochondr ia l  and cy toplasmic  DNA 
[81. 

The r e su l t s  of these  exper iments  agree  with e a r l i e r  observat ions  [5, 10] made on pe r iphe ra l  blood 
leukocytes  of heal thy pe r sons  and patients with chronic  lymphatic  leukemia .  The inc reased  level  of me th y l a -  
tion of ce r ta in  DNA f rac t ions  in the lymphocytes  of patients  with chronic  lymphat ic  leukemia  may  be the 
chief cause  of the i r  functional defect ,  for  the distr ibution of 5MC in the DNA chain is known not to be r a n -  
dom in c h a r a c t e r  and the appearance  of 5MC in new sequences could lead to changes in the functional s tate  
of the cor responding  genes [6]. 
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