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SUMMARY

The enzynmes timat methyiate tRNA imave qualitative and quantitative differeimces

among different species. Inhibitors of these enzymes with three different specificities
lmave been found: some restricted to bactem’ial enzymes, some to mammalian enzymes,
and some witim dual potencies.

Enzymes tlmat methylate tRNA and
complete the synthesis of this species of
mmucleic acid are ubiquitously distributed

in all cells. Time enzymes and timeir sub-

strates are imigimly complex: imm mmmetazoa
the enzymes are species-specific (1) and
organ-specific (2) ; in bacterial extracts
no fewer than six base specific enzymes

imave been identified (3).
While no definite function can as yet be

assigned to the methyl groups present in
tRNA, profound alterations iim the niethyl-
ating enzymes imave been ohsem’vcd in
several biological systems which am’e under-
going alterations in macromolecular syn-
thesis. For example, we have observed inter

alia that in lysogenic Escher’ichia coli K12,
when induced by ultraviolet light, an

inhibitor of the tRNA methylases appears
(4). The extracted product was found to

i)e an especially effective inhibitor of the

enzyme that nmethylates uracil at the
polymer level in tRNA. However, the

inhibitor proved inert against enzymes
from mammalian sources. The root of this

selectivity is known: while E. coli has a

imigh capacity for the methylation of
uracil, extracts of mmmanmmalian tissues have

but marginal activity towam’d this base.1
Time finding of this specific inhibitor

prommmpted a wider study because the dif-

ferential inhibition of enzymes that alter
the structure of a cardinal component of

the protein-synthesizing apparatus of mam-

mals and microorganisms may have both

tlmeoretical and practical relevance. In this
pilot study we report that several products
imave such differential inimibitory potencies.

Adenosine has been reported by Hurwitz
et al. to nmimii)it the guanine tRNA

immetimvlases of E. coli (5) . \Ve have con-
firmed and extended timis oi)sel’vation
(Tables I and 2).

1 Analytical data on the content of methylated

bases in tRNA are essentially in accord with in

vitro enzyme activities. In E. coli, tRNA thy-
mine is the major methylated component, and

uracil tRNA nmethylase activity is very high. In

extracts of mammalian tissues timis enzyme ac-
tivity is nmarginal and time level of thymine in

the tRNA is very low. Dunn has found no thy-

mine in tRXA of rat liver, and timis base is the

lowest of all metimylated bases in tRNA of calf

and pig liver. (D. B. Dunn, personal communi-

cation.)
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TABLE 1
Effect of Adeninc on the in Vitro PJethylation

of Guanine Residues in tRNAa

Log cells

Condition

cpm from ‘4C
in guanitme

(U)

rpm from 14C

in thyrnine

(T) G/T

1 2915 9490 0.30

2 1548 5280 0.29

3 1596 5150 0.31

4 1665 5740 0.29

+ Adenine,
415 �tg/ml

1 0 6715 0

2 126 4875 0.02

celLs of E. coli K12W6a Logaritimmically growing

were the source of the enzyme. The methylation was
carried out with methyl-deficient tRNA as substrate
and (metlmyl-’�C)S-adenosylmethionine as methyl

donor. With each extract a pilot experiment was

carried out to determine the saturation levels of

enzyme extract (i.e., further addition of enzyme did
not result in any significant change in total ‘�C

incorporated into RNA). The incubation mixture

for the isolation of ‘�CH,-tRNA contained the
following per ml: 0.6 mg of methyl-deficient tRNA,
0.5 ,�C of (methy1-’�C)S-adenosylmethionine (spe-

eific activity 26-29.9 mC/mmole, Tris buffer (0.01 ui

pH 8), MgCl2 (0.01 M), mercaptoethanol (0.005 us),
and sufficient enzyme extract to yield saturation

level. For details of the isolation of the radioactive

bases see (11). The reproducibility of replicate

determinations at the same level of inhibitor is

± 10%. The reproducibility of replicate analyses of
base-specific enzyme activities in different batches

of bacteria in logarithmic growth phase is also

± 10%.

‘rime data in Table 1 indicate tlmat the

mmmetimylation of guanine relative to tlmat of

uracil is substantially reduced in time

Pm’ese�mcc of adenine in bacterial extracts.
Tai)le 2 simows timat adenine, adeimosine, and

7-deazaadenosimme (tubercidin) are inimibi-

tory to time tRNA metimylases extracted
fm’onm E. coli. Timere is some imigimly specific

structural requireimment for time immimibition.

Neitlmem’ adenylic acid nom’ the followimmg
purine aimd pyrimmmidine derivatives Imad

significant inhibitory effects: iimosinc, 6-
mmmercaptopurine, kinetin (6- fu rfurylammiimmo

adenine), N�-mm�ethyladenosine, �

deoxyadenosine, isopentenyladenosine, un-

dine, cytidine, thymidine, and guanosine.
Table 3 summarizes some of the studies

with enzymes from immammalian sources.

Adenine is just as effective an inhibitor of

tRNA methylases of mammalian tissues as
of the enzymes fm’om bacterial origin. How-
ever, adenosine proved inert wimen added
to mammalian extracts. Time high specificity

of the inhibitors is also apparent in the
case of two analogues of adenosine,

tubercidin and isopentenyl adenosine. The

former is inhibitory toward both bacterial
and mammalian enzymes, but the latter is
active only in mammalian extracts. Thus
we have at hand inhibitors with three dif-
ferent specificities : sommme restricted to
bacterial enzymes, some restricted to mam-

malian enzymes, and some with dual

potencies.
Partial inhibitiomm of the tRNA methyl-

ases from mammalian sources by iso-

pentenyl adenosine and by tubercidin is

especially noteworthy since these conm-
pounds have been shown to be effective
anti-tumor and cytotoxic agents (6, 7).

It has been reported (8) and confirmed
(9) that the tRNA methylases from tumors

of human and animal origin as well as from
tumors in tissue culture (10) have altered
specificities. Enzymes extracted from

tumors have methylating capacities against
a standard substrate several fold imigher
than extracts from normal tissue counter-

parts.
While nothing can be said at timis time

about the role the altered tRNA methyl-
ation may have in the etiology or the
growth of tumors, the finding that two

effective anti-tumor agents are inhibitors
of the tRNA methylases invites a widem’
study of time inhibitors of these enzymes as
possible anti-tumor agents.

Moreover, the existence of a specific
inhibitor of the tRNA met1mylase� of E.

coli simould eimcourage a searcim for other

sucim agents timat immiglmt selectivity iimterfere

witim time protein-synthesizing apparatus of

patimogenic microorganismmms. Timis is l)ased

on time assunmption that time tRNA methyl-
ases of pathogenic orgammisms will prove

species-’pccifIc. Experience witim a wide



SHORT COMMUNICATION 597

TABLE 2
Inhibition of Bacterial tI?NA Meihylases of E. coli by Various Purine and Pyrimidine Derira1ive�

rpm incorporated
Expt. Additions (�g/ml) into tRNA % Inhibition

1 None 11,150
Adenosine 50 9,425 iS

250 8,625 23

500 6,840 39

2 None 8,350

Adenine 140 6 ,200 26

240 4,770 43

340 4,360 4S

3 None 2,900 -

Adenine 500 1 , 550 47
Adenosine 1120 1 ,705 42

Adenylicacid 1400 2,825 3

4 None 1,39.5 -

Adenosine 1120 935 33

Inosine 1120 1,440 0

,5 None 3,530 -

Kinetin 80(1 3,725 3

6 None 2,900 -

Isopentenyl a(lenosine 500 2 , 630 9

None .5,500 -

6-Methyladenositme 500 6 ,070 U

6-Methyldeoxvadenosine 500 .5 , 510 0

S None 10,310 --

Adenine 240 6,600 36

6-Mercaptopuri�ie 250 10 , 300 0

9 None S ,200 -

Ut’idine 750 7 ,950 :�

Cvtidine 750 7,900 4

10 None 2,120 -

Guanosine 300 2 ,250 0

Cytidine 400 2,440 0
Adenine 400 1,535 30

11 None 3,S30 -

Thymidine 500 4 , 010 1)

12 None 4,410 -

Tubercidlim 3,380 24

The incubation mixtures contained euizystie at half satumatioui level, 260 j�g uuiethyl-deficient tUNA, and

he other components listed under Table 1 at proportionately reduced levels. After 30 minutes of incubation

1 mg of unlabeled tRNA and 1 mg of DL-methionine were added to each tube. Then 50% trichloroacetic aci(l
was added to complete precipitation. The precipitate was dissolved in 0.2 us Tris and the RNA was pre-

cipitated with 10% trichioroacetic acid. The precipitation was repeated twice more. Finally, the washed
precipitate was suspended in 2 us NILOH and was plancheted and counted. The values reported are the

average of two incubations with a mean deviation of ±10%.

Mo!. Pliarmaco!. 3, 595-598 (1967)
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TABLE 3
Effect of Adenne and Sane of Its Analogues on Manunualian tILV.l llethylases

Expt.

ource of

enzyme Additions (�g/ml)

�,Pfl1

incorporated

into tRNA

%
Inhibition

1 Liver None

Adenine 500

1535

900

-

40

2 Liver None

Isopentenyl a(ienosine 410
965

670
-

2S

3 Liver None
Isopemmtenyl adenosine 410

635
445

-

30

4 $pleen None

Tubercidin 34()

2280

1390

-

30

3 Liver None

Tubercidimu 330

63()

513

-

19

6 Spleen None

Ademmosume 460

93()

2410

2520

2440

-

0

0

7� Luver None

6-Methyladenosine 30()

600
570

-

5

a The organs originated fronm one calf. The incubation and isolation were carried out as in lable 2. Because

of the imigh conceumtratioum of protein in mammalian extracts, imo carrier tRNA was needed at the end of the
immcubation. The values reported are the average of two determinatiomms with a mean deviation of ± 10%. The

extent of inhibition is reproducible witimin ± 10% in incubations witim the same organ; see Expts. 2 and 3

however, the extent of inhibition varies with differeumt organs; see Expts. 4 and 5.

variety of oi’galmisnms jim several laboratories

�uggests that 511(11 SI)eC1Cs sI)ecificit)T caim
alummost (cu’tainlv be anticipatetl. The tRNA
nmcthyiases immay i)e conmponeimts of imost aimd

ja masite w’itim qualitative diffei’eimcts oim
\Vii’(ii tim(h’apy nmay be iminged.
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