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DNA of the same nuclei, is small compared to the synthesis obtainable when free
DNA, native by usual standards, is added as primer. The base ratio of the prod-
uct is that expected from the base ratio of the primer.
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AN APPROACH TO THE MEASUREMENT OF GENETIC RELATEDNESS
AMONG ORGANISMS

BY B. J. MCCARTHY AND E. T. BOLTON

DEPARTMENT OF TERRESTRIAL MAGNETISM, CARNEGIE INSTItUTION OF WASHINGTON

Communicated by Richard B. Roberts, June 6, 1963

The presence of genes in common may be taken as a guide, not only to taxonomic
relationships among organisms, but also to probable evolutionary relationships.
However, reproductive isolation of distantly related forms precludes the use of the
usual methods of genetics for the determination of gene similarities.

According to contemporary understanding the nucleotide sequences in deoxy-
nucleic acids (DNA)- represent the total genetic potential of organisms, and se-
quences held in common are indicative of similar genes. Since this chemical basis
of heredity appears firmly established, the in vitro detection of genetic homology by
physical chemical. means is a clear possibility. Moreover, a distinction can be
made between the presence and the activity of genes when similarities and differences
among the primary gene products, messenger RNA molecules,1 are also compared.
Thus, RNA molecules which interact with DNA indicate phenotypic similarities
while cross-reacting DNA molecules reveal genotypic similarity.

Similarities between two groups of DNA molecules have, in fact, been demon-
strated2' 8 by duplex strand formnation in which the two; partners of the new due
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plex originated from different, although genetically related, sources. In these
experiments the density gradient equilibrium centrifugation method was used to
detect the duplex molecules. So far, however, this method has shown neither the
scope nor the convenience required for routine application.4

In the paragraphs below, it will be shown that the use of the DNA-agar tech-
nique for the study of complementary interactions between DNA and RNA from
different organisms allows more extensive measurement of genetic homology. In
this procedure, denatured DNA is immobilized in a solid phase by trapping it in a
gel of agar.' It is then unable to renature but is still available for complementary
interactions with other free nucleic acid molecules. After incubating the DNA
gel preparation with free RNA or denatured DNA molecules, those molecules
which formed a stable duplex with the trapped molecules may be separated from the
rest by the simple expedient of washing the gel. The bound molecules may then be
recovered by changing the ionic conditions or heating so that the hydrogen bonds
between the strands of the duplex are decomposed. The method can be applied to
quantitative comparisons of the amount of homologous and heterologous RNA or
DNA bound to DNA embedded in agar.

Materials and Methods.-Bacterial cultures were grown in a nutrient broth medium except for
Escherichia coli and Aerobacter aerogenes which were grown in a minimal glucose salts medium.
RNA was prepared and purified by methods already described.6' 6 Pulse-labeled RNA was
prepared from cells exposed to C'4-uracil for 1 min in the minimal medium.
DNA was prepared by the procedure of Marmur.7 Labeled DNA was prepared from cells

grown for several generations in either C'4-uracil or P3204-. The labeled DNA was sheared by
passing it through a French pressure cell at 10,000 p.s.i. at 1 mg/ml in 2 X SSC (SSC is 0.15 M
NaCl, 0.015 M Na citrate. The resulting molecular weight is about 500,000.8 DNA, either
native or sheared, was denatured by heating for 5 min at 100'C in 0.1 X SSC at concentrations
of 0.1-1.0; mg/ml.
Denatured DNA was trapped in agar as previously described. Five ml of 0.1 X SSC con-

taining 1-5 mg of denatured DNA was thoroughly mixed at about 900C with 5 ml of 6% agar-agar
number 3 (Oxoid, Ltd.) and rapidly chilled. The resulting gel was twice pressed through a 40
mesh screen and washed at 600C with 2 X SSC. It was stored at 4°C until required. The
entrapped DNA was assayed by its ultraviolet absorption after dissolving an aliquot of DNA-agar
in 5M NaClO4. The organism,, sources of DNA, and the DNA content of the various DNA-agar
preparations used are given in Table 1.

For duplex formation, about 0.5 gm wet weight of agar gel containing approximately 100 ,ug of
DNA was mixed with the radio-labeled RNA or sheared, denatured DNA in 1.4 volumes of 2 X
SSC and incubated at 600C for 15 hr in a vial.6 The agar gel was then placed in a heated glass
tube and the resulting column washed with ten 10 ml fractions of 2 X SSC at 600C over a period of
1 hr to remove unadsorbed nucleic acid. Upon raising the temperature to 75°C and lowering the
salt concentration to 0.01 X SSC, the hybridized RNA or DNA could be quantitatively recovered
with five further 10 ml fractions.

Results.-(1) Interaction of E. coli messenger RNA with the DNA of other or-
ganisms: The extent of homology between E. coli and a variety of other organ-
isms was studied by means of the reaction of E. coli pulse-labeled RNA with DNAs'
from several species. In the homologous reaction some 30 per cent of the rapidly
labeled RNA fraction, equivalent to only 1 per cent of the total RNA, is bound.5 8
The unbound portion is mostly ribosomal RNA of low specific radioactivity.
This RNA is homologous to such a small portion of the DNA10 that it contributes
little to the bound radioactivity unless the DNA-RNA ratio is extremely high.
In Figure 1 are shown the actual data for this experiment as well as for three similar
ones in which trapped DNAs from other sources were used. With the DNA of
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TABLE 1
ORGANISMS AND DNA SAMPLES USED

Concentration of DNA
Organism Source % GC of DNA4. 9 in agar preparation

Enterobacteriaceae:
E. coli B Laboratory strain 50 300 pg/g wet weight
E. coli ML 30 " 50 210
E. coli K 12 (X) " 50 250
Aerobacter aerogenes ATCC 211 56 320 "
Aerobacter aerogenes ATCC 13048* 56 250 i

Klebsiella pneumoniae 8821/6* 55 150 "
Proteus vulgaris ATCC 4669 38 240 I

Salmonella typhimurium ATCC 7823 50 280
Serratia marcescens ATCC 4180 57 120
Serratia marcescens SM 11* 57 80
Shigella dysenteriae/s * 50 150

Other bacteria:
Aeromonas hydrophila ATCC 9071 54 190
Bacillus subtilis ATCC 6051 43 350
Pseudomonas aeruginosa ATCC 9027 66 300

T4 bacteriophage Laboratory strain 35 270
Calf thymus Commercial DNA 41 410
Mouse liver B. H. Hoyer'5 41 400
Salmon sperm Commercial DNA 41 380

* Cultures obtained through the generosity of Dr. M. Mandel, University of Massachusetts. Unless otherwise
stated, all other bacterial cultures were obtained from the American Type Culture Collection (ATOC).

40 E.col S. Aerobcter two other organisms generally classified with
oerogenes E. coli in the Enterobacteriaceaell there is ap-

30 preciable, although lower, binding. An ex-

20 periment, in which DNA of calf thymus was
used, showed no significant reaction (Fig. id).

10 A list of the results of these and other experi-
_ I 1 S L1Lmentswith various DNA preparations is

given in the left-hand columns of Table 2.
U 40 Proteus Calf. thymus In the second column the percentage of E.

*30 ul/goris L coli pulse-labeled RNA bound is recorded as

3 . 100, and the heterologous reactions are nor-
20 malized to the homologous reaction.

10 . A number of features are immediately
apparent. The cross reactions are not sig-

2~610 14 ~2 6 lo is nificant with any of the DNAs of vertebrate2.1014. 2 610 14
Fmctfon numibr origin. This is also true of T4 bacteriophage

FIG. 1.-Reaction of. C'4-pulse-labeled DNA and two DNAs from different families
RNA from E. coti with 'agr, ,containing, of bacteria.1' On the other hand, two other
DNA from various organisms. 50 ltg
of RNA prepared from cells labeled for strains of E. coli were not distinguishable
one min with C'4-uracil was incu- from E. coli B, the source of the labeled
bated with 0.5 gm of each DNA-agar,
at 60'C for 15 hr. Ten washes were RNA. Likewise,theDNAfromtwostrains
given at 60'C with 2 X SSC. The of A. aerogenes gave the same amount of cross
temperature was then raised to 750C and
five 10 ml fractions of 0.01 X SSC passed reaction with E. coli RNA. Within the group
through. The percentage of the labeled of enterobacteria the degree of cross reactions
RNA appearing in each fraction was then
determined. ranged between 90 and 10 per cent.

(2) Interaction of E. coli DNA with the
DNA of other organisms: Similar reactions are possible where both of the
interacting nucleic acids are of the deoxy type, providing a few modifications



VOL. 50, 1963 GENETICS: MCCARTHY AND BOLTON 159

TABLE 2
BINDING OF E. coli B PULSE-LABELED RNA AND DNA FRAGMENTS TO VARIOUS DNA-AGAR

PREPARATIONS
% RNA bound % DNA bound

% labeled relative to % labeled relative to
Source of DNA RNA bound E. coli DNA DNA bound E. coli DNA

E. coli B 27.0 100 39.8 100
E. coli ML 30 28.6 106 ...
E. coli K 12 (X) 26.4 98 40.3 101
Aerobacter aerogenes 211 13.1 48 20.4 51
Aerobacter aerogenes 13048 14.3 53 17.9 45
Klebsiella pneumoniae 5.7 21 10.2 25
Proteus vulgaris 3.0 11 5.5 14
Salmonella typhimurium 23.5 87 27.9 71
Serratia marcescens 4180 2.1 8 2.8 7
Serratia marcescens S.M. 11 1.6 6 ... ...

Shigella dysenteriae 23.8 88 27 . 7 71
Aeromonas hydrophila 1.2 4 ... ...

Bacillus subtilis 0.4 1
Pseudomonas aeruginosa 0.5 2 0 .4 1
T2 bacteriophage 0.3 1 0.4 1
Calf thymus 0.4 1 0.5 1
Mouse liver 0.4 1 ... ...

In the left-hand columns are given the results of experiments in which 50 pg of E. coli pulse-labeled RNA was
incubated with 0.5 gm of the various DNA-agar preparations. Where E. coli sheared, denatured DNA was used
(right-hand columns), 15 pg was incubated with a quantity of agar containing 150 pg of trapped DNA (about 0.5
gm) .

are made. In order that the free DNA may be able to penetrate the agar
gel to react with the trapped DNA, it must be sheared to reduce its
molecular weight.8 This has the added advantage that the fragments of DNA may
be made to resemble the messenger RNA molecules in size and be roughly of cistron
or gene length. All the available evidence suggests that messenger RNA mole-
cules are representative of only one strand of the DNA,8' 12, 13 while the DNA
fragments contain both complements. This difference introduces a complication,
for, in the latter case, two complementary strands of DNA can form a duplex mole-
cule in free solution as an alternative to combining with trapped DNA. From a
practical point of view, then, it is important that the ratio of trapped DNA to
sheared DNA be kept large,8 and in experiments in which comparison is made
among homologous and heterologous reactions that the ratio be constant.

Aliquots of the same DNA-agar preparations used for the RNA experiments
were also used for incubations with E. coli C'4-labeled DNA. The ratio of trapped
DNA to sheared DNA was maintained at ten by adjusting the quantity of DNA-
agar. The right-hand columns of Table 2 contain the results. Again, animal
DNAs show no significant binding, and the bacterial DNAs show cross reactions
ranging from 90 per cent to zero. The extent of homology measured in these
DNA experiments is in good agreement with that measured by the binding of RNA.

(3) Specificity of the cross reaction: The above experiments show partial cross
reaction between nucleic acids of different origin. This results from selective
reactions on the part of special fractions of these nucleic acids rather than an at-
tenuated reaction of the total material. Evidently, some E. coli messenger RNA
molecules can find homologous binding sites in a trapped DNA of different origin,
while others cannot. Several such cross reactions are described schematically in
Figure 2. The rapidly labeled E. coli RNA is depicted as a rectangle in which the
area is proportional to quantity. The arrows indicate a selection among the labeled
RNA molecules by incubation with the DNA-agar of the bacterial species named.



160 GENETICS: MCCARTHY AND BOLTON PROC. N. A. S.

FIG. 2.-Schematic
diagram illustrating
the selection of dif-
ferent portions of E. EZZcoli messenger RNA
by duplex formation
with the DNA of E0015 2
other organisms. The
areas of the boxes are T
proportional to the EEcohiEcoli E.co/i
fraction of E. coli C'4_ 1
ulse-labeled RNA. 6kho n'. E.CaliB. CI4 R
The fraction which is Pulselobeld
bound is represented OIbpn
by the shaded area.I
Arrows represent in- x
cubation of the par-
ticular fraction from 62 54 2 1 39which the arrow orig-
inates with DNA-
agar of the organism named and point to the resulting distribution into bound and unbound
moieties. The upper portion of the diagram depicts reference experiments in which only homol-
ogous DNA was used. Thus, in this case the initially bound portion of the labeled RNA is effi-
ciently readsorbed while the unbound portion contains little which is subsequently absorbed
under the same conditions.

The shaded area is proportional to the bound portion and the remainder to that
which remains in solution.
The upper part of the diagram shows the results of reference experiments in

which only E. coli DNA-agar was used. It shows that 27 per cent of the labeled
RNA is retained by the DNA-agar. This portion when reincubated after DNAase
treatment and concentration binds to the extent of 76 per cent, while the initially
unbound portion contains only a little hybridizable RNA. Together these ex-
periments show that the messenger RNA fraction represents some one third of the
total labeled RNA and that the initial selection is about 80 per cent efficient.,
The amount of DNA-agar used in each experiment was adjusted to maintain com-
parable RNA: DNA ratios.
The other two parts of Figure 2 describe experiments in which a smaller portion

of E. coli messenger RNA is selected on the DNA of either Klebsiella pneumoniae
or Proteus vulgaris. When the bound and unbound material is reincubated with
the same DNA, it becomes clear that the RNA which was hybridized is a special
fraction of the total. The unadsorbed material now contains little which will
bind to the heterologous DNA in question, although it retains its ability to bind to
the parent E. coli DNA. These selected portions of the messenger RNA will now
bind to the heterologous DNA almost as efficiently as to E. coli DNA.
Once these special fractions of E. coli messenger RNA had been obtained, it was

possible to go one step further. The question could then be asked whether the
overlap in DNA sequences between E. coli and P. vulgaris and between E. coli and
K. pneumoniae was the same or different. For this purpose, the E. coli RNA
selected on K. pneumoniae DNA was tested against P. vulgaris DNA. Similarly,
the RNA selected on P. vulgaris DNA was reacted with K. pneumoniae DNA. In
each case the results were negative, indicating that both organisms have genetic
features in common with E. coli but that these are nonoverlapping. The RNA
selected on K. pneumoniae was also tested against A. aerogenes DNA with positive
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results, indicating that in this case the homology between K. pneumoniae and E.
coli is shared by A. aerogenes.

(4) Agreement of reciprocal cross reactions: For purposes of quantitative evalua-
tion of genetic relatedness, it is important to know how well reciprocal reactions
agree. Thus, the reaction of E. coli RNA or DNA with the DNA of A. aerogenes
indicates a 50 per cent cross reaction. The question remains whether the same
conclusion would be reached by study of the inverse reaction. A mixture of two
sheared denatured DNAs was made-E. coli DNA labeled with C14 and A. aero-
genes with p32. This mixture was then incubated in parallel with the DNA-agar
of E. coli and A. aerogenes. The ratios of the amounts of each DNA bound in the
two experiments indicate the extent of the agreement. These experiments are
described in Figure 3, and show that in one case the ratio of C14- to P32-labeled DNA
is 2, while in the other case it is 0.5. Thus, there is good agreement between the
two estimates of the fraction of overlapping sequences in the two DNAs. It is
perhaps worth noting that this is not a necessary result, since the total complement
of DNA may well differ from one organism to another. In each of the two parts of
Figure 3, it appears that the heterologous DNA is rather more easily displaced
from the DNA-agar than the homologous
molecules. Perhaps the fragments of heter- A
ologous DNA are not perfectly matched to
the immobile DNA strand, and the resulting 40
structure is less stable. 30

(5) Relationship of A. aerogenes with other
2 2

e =33.1%
organisms: In a series of organisms such a
as those studied here, much more information * 10 = 17.1%
results from the use of more than one DNA ' -N<.*A
as the reference. This is indicated by ex- -
periments testing the cross reaction between a 50 Aero. aerogenes
A. aerogenes nucleic acids and the various
trapped DNAs (Table 3). It is apparent l
that K. pneumoniae is more closely related to 30
A. aerogenes than to E. coli, and that there 20 P32=31.8%
is little, if any, cross reaction with P. vulgaris. 10 =C16.9% A\
In contrast, P. vulgaris does cross-react with
E. coli. On the other hand, the closely - 4 12 J4
interrelated Escherichia-Shigella-Salmonella Fmction number
group are more or less equally related to FIG. 3.-Reaction of a mixture of DNA

fragments of E. coli (C'4-labeled) andAerobacter. The reaction with A. hydrophila of A. aerogenes (P3"-labeled) with the
may suggest that this organism should be DNA-agar of each organism. 35 ug ofC'4-labeled DNA and 25 jig of p32-classified with the enterobacteria. labeled DNA were incubated with 0.5

(6) Competition reactions: If two popu- gm of each of the DNA-agar preparations
at 60'C for 15 hr. Fractions were col-lations of nucleic acid molecules are re- lected as in Fig. 1.

lated, they should compete for the same
binding sites in a DNA molecule. Thus, in the reaction of labeled RNA or DNA
fragments with homologous trapped DNA, binding of the labeled nucleic acid
should be inhibited by the presence of other unlabeled yet related molecules.
Table 4 shows the percentage of E. coli p32 pulse-labeled RNA which binds
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TABLE 3
BINDING OF A. aerogenes PULSE-LABELED RNA AND DNA FRAGMENTS TO VARIOUS DNA-AGAR

PREPARATIONS
% bound

% labeled relative to % labeled % relative to
RNA bound A. aerogenes DNA bound A. aerogenes

Source of DNA RNA DNA
Aerobacter aerogenes 211 31.2 100 25.7 100
Aerobacter aerogenes 13048 30.3 97 27.0 105
Escherichia coli B 16.2 52 12.6 49
Kiebsiella pneumoniae 13.2 42 13.8 54
Proteus vulgaris 0.8 2 0.6 2
Salmonella typhimurium 17.4 56 15.5 60
Serratia marcescens 4180 ... ... 2.8 11
Shigella dysenteriae ... ... 11.6 45
Aeromonas hydrophila 1.5 5 3.5 13
Pseudomonas aeruginosa 0.3 1 0.5 2
Calf thymus 0.2 1 ... ...

Salmon sperm ... ... 0.4 1
Quantities of pulse-labeled RNA, sheared, denatured DNA, and DNA-agar as described in Table 2.

TABLE 4
EFFECT OF HETEROLOGOUS RNA

% P32-labeled
Unlabeled RNA Quantity (mg) RNA bound

None 25.5
Escherichia coli 2 14.9
Escherichia coli 10 6.7
Aerobacter aerogenes 10 8.2
Klebsiella pneumoniae 10 12.2
Yeast 10 26.9
Mouse liver 2 24.6
20 jg of C'4-pulse-labeled RNA from E. coli B was incubated with 0.5 gm agar containing

150 jug of DNA in the presence of various unlabeled RNA preparations.

to the parent DNA in the presence of various preparations of unlabeled RNA.
The amount of labeled RNA was very low, so that large excesses of unlabeled mate-
rial could be added. It is evident that the presence of RNA isolated from yeast or
mouse liver had no effect on the binding, whereas that from the enterobacteria
was effective. Moreover, these heterologous bacterial RNA preparations are almost
as effective competitors as the homologous RNA. However, the two enterobacteria
appear more distantly related from direct measurements of heterologous duplex for-
mation. It seems therefore that the competition assay may well reveal similarities
in nucleotide sequences which were not detected in the direct measurements.
Discussion.-The results presented demonstrate the potential usefulness of

procedures which discern genetic homology at the molecular level. Among bac-
teria especially, where there exists only the faintest paleontological record and the
simplest of all ontogenetic processes, the molecular approach seems most promising
for understanding evolutionary relationships. Nevertheless, it might be argued that
the mere presence of genes in common is an insufficient basis for judging relation-
ships, since many genes might be dormant and contribute little to the structure or
function of an organism. However, the DNA-agar procedure permits quantitative
assessment of both potentially active and actually active nucleotide sequences
in DNAs. Thus, the results with bacterial nucleic acids are equivalent whether
RNA: DNA or DNA: DNA interactions are examined. This observation implies
that a quantitatively similar fraction, perhaps all, of the genes in each bacteria
are expressed during exponential growth.
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The experiments described above have examined nucleic acid interactions within
only a single family of bacteria. Wilson and Kaplan14 have suggested, on the basis
of comparative studies of enzyme-antibody reactions, that genetic differences
between families of bacteria may be greater than that between the major taxonomic
divisions of other organisms. Extension of the sensitivity of the DNA-agar proce-
dures may therefore be necessary before the whole spectrum of bacterial types can
be cross-compared. It is of interest that the equilibrium centrifugation method for
detecting heterologous DNA duplexes has revealed relationships only among rather
closely related forms, such as E. coli and Sh. dysenteriae,' or the T-series of bac-
teriophages.3 Successful application of this technique requires that long sequences
of nucleotides, extending probably over several contiguous genes, be in register
in order to form duplexes which are large enough to band during a reasonable time
of centrifugation. The fact that smaller fragments of complementary nucleic
acids can be examined, and also that one of the two interacting strands can be
restrained from homologous renaturation, accounts for the wider application of the
DNA-agar method.
The estimates reported above of nucleotide sequences held in common among

bacterial species are somewhat arbitrary. This arises from the fact that only
those molecules of RNA or DNA which form duplexes stable to 600C have been
considered to be related. It is to be expected that corresponding sites in the DNAs
of two related organisms will exhibit a spectrum of similarities and there is evidence
(Fig. 3) that some of the heterologous duplexes are more easily dissociated than
corresponding homologous ones. Hence, more information could be obtained by
testing the stability of the duplexes under a variety of conditions. The somewhat
greater similarity revealed by the competition experiments indicates that the
molecules which are rejected in a binding test should not be classed as completely
dissimilar. With this modified method more distant relationships may be perceived.

Preliminary experiments' with nucleic acids of animal origin have shown that
essentially identical techniques can be applied to the study of evolutionary relation-
ships among higher organisms, including mammals. It would appear therefore
that the approach illustrated in this report is available for the study of the genetic
material of living creatures, no matter how complex they may be.
Summary.-By study of the binding of messenger RNA or DNA fragments

to homologous and heterologous DNA immobilized in a gel structure, it is possible
to measure quantitatively the genetic relatedness of several strains of enterobac-
teria. Essentially similar results are obtained from the RNA and DNA experi-
ments. Reciprocal reactions in which the DNAs of the two organisms are inter-
changed give the same estimate of similarity. In the reaction of E. coli messenger
RNA with the parent DNA, related RNA molecules originating from other or-
ganisms compete for the same sites in the DNA. Applications to the study of
evolutionary relationships among bacteria and other organisms are considered.

'Jacob, F., and J. Monod, J. Mol. Biol., 3, 318 (1961).
2Schildkraut, C. L., J. Marmur, and P. Doty, J. Mol. Biol., 3, 595 (1961Q.
3 Schildkraut, C. L., K. L. Wierzchowski, J. Marmur, D. M. Green, and P." Doty, Virology, 18,

43 (1962). :
4Marmur, J, S. Falkow, and M. Mandel, Ann. Rev. Microbiol., 17 (1963).
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THE ENZYMATIC METHYLATION OF RNA AND DNA, II.
ON THE SPECIES SPECIFICITY OF THE METHYLA TION ENZYMES*

BY MARVIN GOLDt,§ JERARD HURWITZt,§, AND MONIKA ANDERS§

DEPARTMENT OF MICROBIOLOGY, NEW YORK UNIVERSITY SCHOOL OF MEDICINE

Communicated by Harry Eagle, May 31, 1963

There is evidence that methylated bases in DNA and sRNA are not randomly
distributed in polynucleotide chains. In wheat germ DNA, the two 6-aminopy-
rimidines, cytosine and 5-methylcytosine, do not appear to substitute randomly
for each other, as determined by chemical analysis of oligonucleotides.2 This speci-
ficity appears to be related to the direct methylation of deoxycytidylate of DNA
at the polynucleotide level,1 as has also been found to apply to the origin of the
base, 6-methylaminopurine. These observations are in keeping with the incorpo-
ration studies of Bessman et al.3 with the DNA polymerase system. This enzyme
readily catalyzes the incorporation of dCMP and 5-methyl dCMP into DNA with-
out distinguishing between these deoxynucleotides, and therefore does not appear
responsible for localization of methylated bases. In RNA, the methylated bases
are uniquely localized to soluble RNA as indicated by a large body of information.4' 5

Here, RNA polymerase, the enzyme which appears to synthesize all RNA species
from a DNA template of normal cells, lacks specificity in differentiating between
methylated bases and normal bases. Thus, for example, ribothymidylate is readily
incorporated into RNA in place of uridylate with the same nearest neighbor fre-
quency.6 However, the distribution of methylated bases of sRNA is not random,
and analyses of purified sRNA molecules, specific for particular amino acids, indi-
cate that they contain varied amounts as well as different methylated bases.7' 8.
As in the case of DNA, this specific distribution of methylated base has been ex-
plained by the observation that methylation occurs at the polynucleotide level
rather than the mononucleotide stage. 9 1 While with DNA it appears that methyl-
ation is catalyzed by a single enzyme, in the case of sRNA many enzymes are
involved. To date, 5 different enzymes catalyzing specific methylation reactions
with sRNA have been isolated.1
The present communication is concerned with the species specificity of enzymes

which lead to DNA and RNA methylation. With the enzyme systems which have
been studied,10 methylation of nucleic acids does not occur, using enzymes obtained


