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Recent work on the methylation of DNA by bacterial 

cell-free extract8 or purified DNA-methylases revealed 

that the nethylation is species- and &rain-specific 

(Gold, Hurwitr and Ander8, 1963; Gold and Hurwits, 1964). 

The factors determining the specificity are not known. 

Since two methylated ba808, i.e. 63methyl8minopurine and 

Saoethylcytosine have been detected so far in the DNA of 

bacteria, the strain specificity could be due in 8ome 

in8tances to qualitative differencee. Strain8 containing 

the 8ame methylated base8 in their DNA may still display 

differences in the selectivity of methylation. To decide 

which of the80 factor8 actually determines the specificity 

of methylation, DNA8 from several strain8 of 3. coli were 

analysed with respect to the relative content8 of 6-methyl- 

aminopurine and 5-methylcytosine and to the oocurence of 

the latter ba8e in polypyrimidine isopliths. The result8 

were compared with similar, though lesa complete, data 

concernixq the group of straina related to Bacillus 

subtilis (Do8koEil and ~ormovd, 1965). 
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DNA labeled with 14C-methyl groups waa prepared by 

growi- the bacteria on glucose-mineral salta medium 

(Spiz;ixen, 1958) containing CH3-14C-methionine (Radioche- 

mica1 Centre, Amersham, England, specific activity lO/yC/@. 

The relative amounts of methylated bases were determined 

after hydrolysis of DNA with formic acid at 17C'C and 

chromatography of the hydrolysate in n-butanol-ammonia 

(Markham and Smith, 1952). The pyrimidine isopliths were 

obtained by partial hydrolysis of DNA with diphenylamine 

and formic acid (Durton and Petersen 1960). The isopliths 

were separated by chromatography on DEAE-cellulose column, 

using a linear concentration gradient of ammonium formate 

buffer, pH 5.5, with 0.08bI and 0.4M as limiting concentra- 

tion. Ammonium formate wae removed by SUbliIMitiOn in vacua* 

The radioactivity of the fractions wae measured on aluminium 

planchettes on a Frieseke-Hoepfner gas flow counter. 

The levels of radioactivity found in the hydrolysates 

of DNAs from various strains of E. are given in Tab.1. 

No distinct radioactive zones besides those of s-methyl- 

cytosine and 6-methylaminopurine were present. The data 

confirm the earlier finding of the presence of both a-methyl- 

aminopurine and 5-methylcytosine in the DNA of most &rains 

except E. coli &j, where only 6-methylaminopurine occura. 

There is less 5-methylcytosine than 6-methylaminopurine in 

the DNA of all strains. The strains ATCC 9663 and K12 show 

lower Content of 5-methylcytosine with respect to 6-methyl- 

aminopurine; in other strains the relative amount of 

5-methylcytosine is higher and the values are very similar. 

No strain Of 3. && has been found containing only 

5-methylcytoaine but not 6-methylaminopurine. 
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TABLE I 

Occurence of 6-methylaminopurine and 5-methylcytoaine in 

the DNA of different strains of Escherichia coli 

Countr/min Ratio 
Bacterial strain 6-methyl- Waethyl- Taethylcytosine 

aminopurine cytoaine r6=methylamino- 
purine 

B (Hershey) 

B (Delbr&k)- 
etreptomycine- 
resistant 

C (Sinsheimer) 

K12 lambda- 
sensitive 

ATCC 9663 
(methionine 
auxotroph) 

K12 T- (thymine 
auxotroph) 

635 38 0.06 

235 5 0.02 

680 443 0.65 

472 275 0.58 

920 530 0.58 

322 233 0.72 

About 300 g of the DNA labeled with 14C in the methyl 
groups of methylated baees wae hydrolysed with fsrmic acid 
and the hydrolysate was chromatographed in n-butanol-ammonia. 

Further experimente were designed to show whether 

differences in sequential arrangement of 5-methylcytosine 

could be detected in &rains containing thie base. The 

occurence of 5-methylcytosine in different classee of 

polypyrimidine ieopliths is shown on Fig. 1. It is evident 

that the distribution pattern of 5-methylcytoeine is 

nearly the same in all strains. Very little 5-methylcyto- 
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sine is found in the monopyrimidine fraction. In the di- 

pyrimidine clasr more 5-methylcytosine occurs, but most 

of it is found in the tripyriridine class. In higher 

isopliths the contents of 5-methylcytosine per cytosine 

content of these fractions decrease. 
I- 

-l 
1 

ML 30 

-Al -l 
12345 12345 12 3'4'5 

c Ic12 ATCC 9663 

Fig. 1. Distribution of 5-methyleytosine in mono- to 
pentapyrimidine ieopliths from the DNA of different strains 
of g. &. Abscissa: Class of iaopliths; ordinata: 
counta/min/cytosine content of the fraction. Negligible 
radioactivity was found in hexapyrimidinee and higher 
isopliths. 

The present experiments show that more than one 

methylated base may occur in the DNA of a particular 

bacterial strain; the simultaneous occurence of 6-methyl- 

sminopurine and 5-methylcytosine is a common property of 

many strains, whereas g. coli B containing only 6-methyl- -- 
aminopurine in its DNA is rather exceptional. Comparing 

this situation with that encountered previously in the 

group of & subtilis we find that the strains B. subtilis 

168 (wild type) and & niger also contain both methylated 
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bases in their DNA, but 5-methylcytoeine only is found in 

the DNA from 8. subtilis p* aterrimu8 (DoskoEil and ,$o~ppov14, 

1965 1. 

The sequential apeoificity of the deoxycytidylate 

methyla8e seem8 to be complex. For the methylation to 

occur the vicinity of a pyrimidine nucleotide is required. 

But this condition being fulfilled the methylation i8 

further enhanced if the sequence is a part of a tripyrimi- 

dine sequence. Evidently more than one neighbour nucleotide 

is involved in the determination of methyl acceptor activity 

of deoxyoytidylic acid. The location of 5-methylcytosine 

in bacterial DNA is entirely different from that found in 

either mammalian or plant DNA, where solitary 5-methyl- 

cytosine prevail8 (Sinsheimer, 1955; DoakoEil and germ, 

1960; Shapiro and Chargaff, 1960; Vanyuerhin et al., 1962). m- 
The striking similarity in the distribution of 

methylated bases among various strain8 of g. & strongly 

suggest8 that the DNA-deoxycytidylate methyladler of these 

strain8 have the 88me sequential specificity. It ehould 

be noted, however, that a eimilar distribution, including 

the nearly absence of 5-methylcytoaine in monopyrimidine 

and the prevalence in the tripyrimidine ieopliths has been 

found in an unrelated strain, namely B. eubtilis p. ater- 

rimue (DoekoEil and ~ormova, 1965b). The difference 

between this etrain and g. coli ATCC 9663 beceme apparent -- 
when the di- and tripyrimidine i8opliths were further 

fractionated by paper electrophoresis. 54ethylcytosine 

wae found to be linked with neighbour deoxyoytidylic acid 

, but in & subtilia x.aterrimu8 the vicinity of 

thymidylic acid was most frequent. This type of analysis 
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haa not yet been performed with the DNA of other strains 

of 4. coli and it cannot be excluded that a more detailed 

analysis could reveal differences which were not detected 

in the present experiments. 
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