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ABSTRACT

The role of RNA methylations in the control of tRNA production
and utilization for protein biosynthesis has been investigated through a
study of the effects in vivo of cycloleucine a specific and potent inhibi-
tor of S adenosyl-methionine mediated methylation.

During the cycloleucine treatment, the rate of appearance of
newly synthetized tRNAs into the cytoplasm is markedly reduced (about 50 7).
These molecules are extensively (more than 90°%) undermethylated and are
integrated into polysomes, but at a slower rate than normally methylated
tRNAs.

INTRODUCTION

Like most of prokaryotic or eukaryotic genes, the genes for tRNAs
are not directly transcribed as functional molecules, but as precursors
which are subsequently processed into mature forms by a series of specific
post-transcriptional events, including enzymatic cleavages of the primary
transcript and modifications of the conserved chain l. Among these modifi-
cations that could play a prominent role in the control of genomic ex-
pression, RNA methylation is a process of a general occurrence concerning
altogether ribosomal, messenger and transfer RNAs. In order to precise the
role of methylation, it has been investigated in several studies how the
production of mature tRNA was affected when the methylation process was
inhibited, in various conditions of altered growth. However, as most of
these treatments (among them methionine starvation 2, treatments by ethio-
nine 3, by S-azacytidineé) altered too, in the same time, other major bio-
synthetic pathways, like protein of RNA biosynthesis, an unambiguous inter-
pretation of the results was difficult to be drawn. On the other hand, the
selection of mutant clone, deficient for a specific tRNA methylase 3 is far

from being yet available in eukaryotic cells. We therefore have reexamined
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this problem with the aid of a more selective tool, cycloleucine, a rever-
sible inhibitor of nucleic acid methylation. In _vitro, cycloleucine was
shown 6 to competitively inhibit an enzyme (ATP : L-methionine S-adenosyl-
transferase) involved in the production of S—adenosyl methionine, the donor
of methyl groub for RNA methylation. We have shown recently 7 that a cyclo-
leucine treatment of C.H.O. cells in vivo rapidly blocks the synthesis of
S-adenosyl methionine without drastic alteration of protein and nucleic

acid synthesis.

In these conditions, we demonstrated 7 that a normal level of
methylation is not stringently required for the completion of ribosomal
RNA maturation although the degree of RNA methylation could modulate the

global efficiency of the maturation process.

In the present study, we show that, in C.H.0. cells, tRNAs can
be synthesized and transferred to cytoplasm, although at a reduced rate,
during an extensive inhibition (more than 90 Z) of RNA methylations. These
undermethylated tRNAs appear to be integrated into polysomes and to parti-
cipate to the protein biosynthesis with a probability very similar to that

of normal tRNA molecules.

MATERIALS AND METHODS

Materials and methods are the same as previously described 7

with the following additions and modifications.

32, labelling conditions : exponentially growing C.H.O. cells in monolayer

were washed with a prewarmed phosphate free Hanks basal saline solution and
incubated for 2 hours in prewarmed phosphate-free low methionine medium

(10 pM). Cells were labelled for 2 hours in the same medium containing(32P)
ortho-phosphate (140 pCi/ml; 50 Ci/mg, Amersham England). Cycloleucine

treatments (2 mg/ml) were begun 30 min. before labelling.

Cell fractionation : cells in monolayer were immediately detached with

glass beads (P 0.25 - 0.30 mm; B. Braun Melsungen) in R buffer (40 mM Tris-
HC1 pH 7.7, 25 mwM KCl, 4 mM MgCl2 and 10 pg/ml polyvinylsulphate), in the
presence of 0.5 Z (v/v) cemulsol NPT 6 and 500 pg/ml collagenase. After

2 min handshaking in the cold (4°C), glass beads were discarded by decanta-
tion and the suspension containing detached cells submitted to the action
of an Ultra-Turrax to prepare nuclei as previously described 8, After eli-

mination of mitochondria, supernatant was added with sodium deoxycholate
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1 2 (w/v) and layered on a 30 7 sucrose cushion in the same medium (1:2,
v/v) and centrifuged 100 min at 50,000 rev/min in a Spinco Ti 50 rotor. The
resulting pellet was essentially composed of polysomes. The supernatant was

called "soluble" cytoplasmic fraction.

RNA extraction and analysis : polysomal pellets were resuspended at 4°C in
Tris 50 mM (pH 7.4) -EDTA 10 mM then sodium dodecyl sulfate was added to a

final concentration of 1 7 and the solution directly extracted with phenol-

chloroform or incubated 1 hour at 20°C.in presence of .200 pg/ml Proteinase
K (Mérck). An equal volume-of water satured phenol-chloroform (1:1, v/v)

was added and the mixture vigourously shaken for 10 min at 20°C. After cen-
trifugation, the aqueous phase was reextracted one more time with phenol-
chloroform. After addition of NaCl (0.2 M final), RNA was precipitated with
2 volumes of cold ethanol and allowed to stand overnight at —-20°C before
analysis. "Soluble" cytoplasmic fraction was directly extracted by the phe-
nol-chloroform mixture as described above. RNA was then fractionated into
poly (A)” and poly (A)+ RNAs by two consecutive passages through oligo (dT)-

9

cellulose columns °, one of which after heat denaturation of RNA (5 min at

70°C at low iomic strength).

Gel electrophoresis of RNA samples was performed according to

Loening 10

using 12 % acrylamide gels in acetate buffer. Samples of 100 ul
(50 pg RNA) were layered on top of 21 x 0.6 cm cylindrical gels. Separation
of 4S and 5S RNA was usually achieved by a 5 h migration, using 5 mA/gel.
Radioactive profiles were determined after a 3 mm slicing of gels and coun-
ting in a Packard Tricarb liquid scintillation spectrometer.

(32

DEAE Column analysis of alkaline RNA digests : P) tRNAs from polysomal

or soluble fractions were first purified by passage through a Sephadex G 50
column equilibrated with 0.02 M phosphate buffer (pH 5.0) at 2°C, then run
on a sucrose gradient (5 - 20 %) in acetate buffer. Recovered 4S tRNAs were
exhaustively hydrolysed in 0.33AM KOH for 20 hours at 37°C. The digest was
neutralized with 1 M Tris pH 7.2, diluted 10 times, adjusted to 20 mM Tris-
HC1 (pH 7.4» 4 mM EDTA and 7 M urea and absorbed to a 0.4 x 50 cm DEAE
Sephadex column 11 Nucleotides were eluted with a 160 ml linear gradient
of 0.05 - 0.30 M NaCl in 20 mM Tris-HCl1 (pH 7.4), 7 M urea. Positions of
mono, di, tri... nucleotides were determined by running RNase A digests of
tritiated rRNA.
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RESULTS

Cycloleucine effects on biosynthesis and processing of tRNA.

After a 30 min pulse with labelled uridine, most ( 90 Z)of 4S la
telled RNA was recovered in the "soluble" cytoplasmic fraction, which cor-
responded to the supernatant of the polysomal pellet. In both treated and
control cells, labelled low molecular weight RNAs were resolved in three
main discrete species: two well defined components, 5S rRNA and 4S RNA

and 4.5S species which could correspond to tRNA precursors 2. In control
cells, after the 30 min pulse, about 65 7 of the radioactivity recovered

in the low molecular weight components was localized in the 4S area, while
18 Z was found in the 4.5S RNA species. During the chase in the presence
of unlabelled uridine, the part of label in the 4S peak increased continu-
ously in control cells, up to 90 % after 210 min. of chase, while the per-
centage of low molecular weight counts recovered in the 4.5S peak decreased
conversely. These kinetic data are consistent with the existence of a pre-

cursor-product relationship between these two components.

As shown in fig. la, in cycloleucine treated cells, the distri-
bution pattern of labelled low molecular weight RNA after a 30 min pulse
was clearly different. Only 38 7 of the radioactivity was recovered in the
4S species, 51 7 being in the 4.5S. After 210 min chase, the part of 4S
labelling increased up to 75 %. Furthermore, the cycloleucine treatment
resulted in marked decrease (approximatively 50 7) in the amount of 4S RNA
labelled during a 30 min pulse. This deficiency in labelled 4S RNA remained
nearly constant through out the chase experiment. This significant decrea-
se suggests that production of mature tRNA could be controlled in some way

by the level of RNA methylation as will be discussed latter.

Integration of tRNA into polysomes during a cycloleucine treatment

The ability of tRNA molecules synthetized in the presence of

cycloleucine to be incorporated into polysomes was examinated in two ways.

In a first experiment, cells were pulsed for 30 minutes with
labelled uridine and chased for various periods of time in presence of cold
uridine. In order to eliminate errors due to fluctuations in the yield of
the cytoplasmic fractions, treated and control cells labelled with (3H)-
uridine and (140) uridine respectively, were mixed before fractionation.
The 3H/MC count ratios were determined in the 4S peak of the gel profiles

from "soluble" cytoplasmic fraction and from polysomes. Results are shown
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FIGURE | - Kinetics of tRNA production during a cycloleucine treatment
Exponentially growing cells were pulsed for 30 min. with (SH) uridine

(40 pCi/ml, 40 Ci/mmol) and chased in cold medium containing 200 pM unlabel-
led uridine. At different times after the beginning of the chase (a: 0;

b: 30 min; c:90 min; d: 210 min.) cells were harvested: RNA was extracted
from the "soluble" cytoplasmic fraction and analysed by electrophoresis

onto 12 7 acrylamide gels (see Materials and Methods). In order to facili-
tate the quantitative comparison between treated and control profiles the
plotted values corresponded to percentages of total radioactivity recovered
on each gel. Total counts recovered in the low molecular weight areas of the
gels varied from 57,600 to 125,000 cpm for control cells and 43,200 to
65,000 cpm for cycloleucine treated cells.

in Table 1. This approach should allow an accurate detection of even minor

changes in the relative distribution of tRNA among polysomal and "soluble"

cytoplasmic fractions, by comparison of the 3H/MC count ratios. In fact,
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for the various periods of chase that we have studied, this ratio was si-
gnificantly lower for polysomes than for the "soluble" cytoplasmic fraction,
corresponding approximatively to half the control value, thus indicating

a significant inhibition of cytoplasmic tRNA integration into polysomes.
However, for longer periods of chase, this discrepancy between the two 3H/
14¢ ratios diminished significantly, thus suggesting that the cycloleucine
treatment resulted in a delayed utilization of cytoplasmic tRNA into poly-

somes. This possibility was further examined through a second experiment.

In order to compare the rate of appearance into polysomes of new-
ly synthetized tRNAs with that of more mature tRNAs, cells were labelled
successively for 2 hours with (140) uridine then, after removal of the (IAC)
precursor from the medium, for one hour with (3H) uridine. Cycloleucine
treated and control cells were labelled and processed in parallel for iso-
lation of polysomal RNA. The gel profiles, for low molecular weight RNAs, are
shown in fig. 2. For each labelling time, the 4S/5S count ratio was calcu-
lated, from the (IAC) and (3H) profiles respectively. In control cells, the
obtained values were very similar for either (BH) or (IAC) labelling. On the
contrary, in cycloleucine treated cells, the recovery of (3H) labelled
tRNAs (one hour pulsed), in the polysomal fraction, was markedly depressed
as compared to that of 5S rRNA. However, for a longer time of labelling
BI4C) label] , the relative recovery of polysomal tRNA was increased as the

4S/5S (IAC) count ratio reached a value very close to the control.

Degree of inhibition of tRNA methylation by cycloleucine.

The post transcriptional additions of methyl-groups on tRNA nucleo-
tides are of two types : base methylations (with several possible positions

for each base) and 2'O-ribose methylations.

In a first step, the overall degree of methylation of tRNAs (base +
ribose) was determined through in vivo labelling experiments by simultaneous
addition of (methy1—3H) methionine and (]4C)—uridine, in the presence or
absence of cycloleucine. As it will be discussed, we considered that the
(3H)/(]4C) count ratio in purified RNAs could be taken as a reliable index
of the overall methylation degree.

Cells were pulsed for one hour with labelled isotopes and chased
for two hours in the presence of cold precursors. The gel electrophoresis
profiles of Figure 3 corresponded to the low molecular weight cytoplasmic
RNAs extracted respectively from "soluble" cytoplasmic fraction (a, b) and

from polysomes (c, d). In "soluble" cytoplasmic fraction of untreated cells
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TABLE 1 - Integration of tRNA into polysomes

Chase time (min.) 0 30 90 210
3,14, [soluble’

H/'"C cytoplasm 5.5 5.2 5.3 5.8
in
4S RNA |polysomes 2.5 2.5 2.7 3.7

Cells were labell?g 30 min. either with (3H) uridine (for cyclo-
leucine treated cells) or ( "C) uridine (for control cells) and chased for
various times. in. the presence of unlabelled uridine. Cycloleucine treated
and control cells g mixed‘before fractionation and the count ratio of
the two isotopes (°H C) was determined in the 4S peak after gel electro-
phoresis analysis for "soluble" cytoplasmic and polysomal RNAs.

8

cpm
4 - --a CPM ¢

3

Fraction number

FIGURE 2- Incorporation of tRNA into polysomes

Cells were labelled for 2 hours with (]4C) uridine (1 pCi/ml, 0.4
Ci/mmol). The medium was then removed, replaced by fresh medium containing
(°H) uridine (20 pCi/ml, 20 Ci/mmol) and the incubation processed for one
more hour at 37°C. Poly (A) containing RNA was removed by chromatography
on oligo (dT) column and the unbound RNA was analysed by electrophoresis
on 12 7 acrylamide gels.

(a) Control cells - (b) Cells treated with 2 mg/ml cycloleucine

( ) 3H (1h pulse) ; (-----) l4c

(a), the main (IAC) uridine labelled component was the 4S tRNA species, with
only a very small 5S peak, while the (methyl-( Hﬂ labelling was restrlcted
to the 4S peak. In the polysomal fraction of control cells (c), the ( C)
radioactivity profile revealed the two prominent peaks of 5S rRNA and 4S
tRNA, the ﬁnethyl-(3Hﬂ labelling being restricted to the latter species,
in good agreement with previous reports of an absence of methylation in the
58 ;RNA molecule 12, and confirming furthermore that no methyl labelling

occured via purine metabolism in our experimental conditions. The cycloleu-
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FIGURE 3 - Effects of cycloleucine on (methyl 3H) methionine incorporation
into cytoplasmic and polysomal tRNAs.

14 Cells were doubly labelled for 1 hour by s%multaneous addition
of ('°C) uridine (1 pCi/ml; 0.4 Ci/mmol) and (methyl “H) methionine (25
pCi/ml; 5 Ci/uM) either in the absence (a, c) or in the presence (b, d) of
2 mg/ml cycloleucine and the label was chased for two hours in the presen-
ce of cold uridine and methionine. RNA was extracted from cytoplasmic
"soluble" and polysomal fractions and analysed by gel electrophoresis on

12 Z acrylamide gels. (a) and (b) "soluble"cytoplasmic RNA; (c) and (d)
polysoma}ARNA.

--): (%) — : Cwy.

cine treatment of the cells (b, d) did not markedly modify the (IAC) label
profiles.

However, a moderate decrease in the (14C) specific actwity of the 4S
peak was observed either in "soluble'" cytoplasmic fraction or in polysomes
in good agreement with the results described in the preceeding section.
Conversely, the fﬁethy1(3ﬂﬂ labelling of the 4S RNA species was almost ful-
ly suppressed for both cytoplasmic fractions : the 3H/MC count ratio in the

4S species was more than twenty times lower for treated cells than for con=
trol cells (Table 2).
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TABLE 2 - Cycloleucine effects on biosynthesis and methylation of tRNA

Total cpm in 4S peak

g?:ie Soluble RNA Polysomal RNA
("4cyuridine| (CH)methionine| ('*C)uridine | (*H)methionine
Control 0 955 (100) | 36 700 (100) | 1070 (100) | 13 000 (100)
cells 2h | 1585 (166) | 18 100 (49) | 1290 (122) | 5 600 (43)
Cycloleucine | O 635 (67) | 90 (0.5) | 620 (58) | 160 (1.2)
treated cells| 2n [ 720 (76) 110 (0.5) | 900 (86) | 200  (1.5)

Experiment similar to fig. 3 : after the one hour double labelling
with (° 'C) uridine and (°H) methionine, cells were harvested either immedia-
tely or after a two hour chase. The values correspond to the total counts
recovered in the 4S peak of the gel, normalized for equal amounts of input
RNA. Values into brackets are percent of the one-hour control pulse in the
corresponding column.

The actual undermethylation of tRNAs synthe ized during the cyclo-
leucine treatment was confirmed by an approach independent of the methyl-
labelled methionine incorporation, in a second series of experiments. The
methyl group on the 2'-0H group of ribose makes the adjacent phosphodiester
bond resistant to alkaline hydrolysis. We therefore have determined the
proportion of tRNA nucleotides recovered in alkali-resistant dinucleotides,
which was assumed to reflect principally the degree of ribose methylation.
After an alkaline hydrolysis of (32P) labelled tRNAs, mono-and di-nucleoti-
des were separated on a DEAE Sephadex column. Fig.4 shows the elution profi-
les obtained for polysomal tRNAs of control (a) and treated cells (b).The
radie—-activity recovered in the dinucleotides (fractions 20 to 35) correspon-
ded to 1.9 7 and 0.4 Z of the total eluted counts for control and treated
cells respectively thus suggesting the presence of half amounts of 2'0 me-
thyl groups : 0.95 and 0.2 per 100 nucleotides on the average for polysomal
tRNA {Table 3).For the tRNA recovered in the "soluble'" cytoplasmic fractionm,
we observed similarly an extensive undermethylation in cycloleucine-treated

cells (0.3 %Z of 2'0 methyl-ribose instead of 1.50 7 for control).

Differential extractibility of polysomal tRNAs.

The results of the previous sections demonstrated that undermethy-
lated tRNAs could be transferred to cytoplasm and integrated into polysomes

during a cycloleucine treatment.

During its association with ribosome, each functional tRNA molecu-
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FIGURE 4 - Analysis of alkali-resistant dinucleotides in polysomal 4S tRRA
on DEAE Sephadex column.

Polysomes were isolated and RNA extracted from (32P) labelled
cells as described in Materials and Methods.tRNAs were isolated by ultra-
centrifugation on sucrose gradient. After ethanol precipitation, 4S RNA
was redissolved in 0.33 M KOH and hydrolyzed for 20 hours at 37°C. Resul-
ting nucleotides were analyzed on a DEAE Sephadex column.

(a) control cells (b) cycloleucine treated cells

TABLE 3 - Analysis of alkaline digests of tRNAs

Mono- Di- Z cpm in di-
nucleotides | nucleotides| nucleotides
cpm cpm
4 Polysomal 17,200 330 1.92 F 0.4
in control :
cells Soluble 42,150 1,300 3.1 Yo.20
4S in Polysomal 20,600 82 0.4 *o0.4
cycloleucine
treated cells Soluble 59,800 360 0.6 *o.12

Data came from DEAE Sephadex column analysis of alkaline digests
of tRNAs performed as described in' fig. 4.

le is successively located in the so-called A (acceptor) and P (peptidyl)
sites, the translocation being performed after completion of the new pepti-
ayl bond. We therefore have assumed that the level of undermethylated tRNA
located in the P site would reflect the functional ability of these molecu-
les to participate to the protein synthesis process. In order to discrimi-
nate between the P and A location of tRNA molecules, we have taken advanta-

ge of the covalent linkage of the elongating peptide with tRNA in the P site,
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which must result in different extractibility behaviour in well defined ex-
perimental conditions.

In fig. 5a, polysomal RNAs were extracted by the phenol-chloroform

procedure, a treatment known to remove from the aqueous phase the proteina-

ceous components, and particularly the peptidyl-tRNAs located on the P site
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FIGURE 5 - Effects of proteinase K treatment on polysomal tRNA extractibi-
lity

Cycloleucine treated cells were labelled 1 hour with (qH) uri-
d1ne (20 pCi/ml; 20 Ci/mmol) while control cells were labelled 1 hour with
(1 C) uridine (2 pCi/ml; 0.4 Ci/mmol). After labelling, the two cultures
were mixed and polysomes prepared. After solubilization of polysomes into
2 ml of 1 Z SDS,

1 ml was treated by proteinase K and 1 ml directly extrac-
ted as described in Materials and Methods. The purified RNAs were then ana-

lysed by electrophoresis on acrylamide gels. (A) Extraction without protei-
nase K. (B) Extraction with proteinase K.

TABLE 4 - Extractibility of polysomal RNA

Extraction with proteinase K
Control Cycloleucine
cells treated cells
58 + 54 7 +337
4S + 115 % + 102 7

Data come from gel electrophoresis profiled described in fig. 5.
Results were expressed as relative increase in recovery after the proteina-

se K treatment (fig. 5b) as compared to the extraction without proteinase K
(fig. 5 a).
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of the ribosome at the time of the extraction. In fig. 5b, a proteinase K
treatment was performed on the resuspended polysomal material before the
phenol-chloroform extraction in order to allow the recovery in the aqueous
phase of the tRNA molecules which were linked to nascent peptides. The expe-
riment was performed on a mixed batch of (3H) uridine labelled cycloleucine

treated cells and (IAC) uridine control cells.

As clearly seen in the gel profiles, taking as a reference the
counts recovered in the 58 rRNA species, the second extraction procedure
allowed an increased recovery of 4S control tRNA : this differential increa-
se corresponded to about 60 Z of the counts present when the proteinase K
treatment was omitted (Table 4). A very similar increase was observed in the
(3H) radioactivity profiles of undermethylated polysomal tRNA, thus sugges-—
ting that undermethylated tRNAs in the polysomal fractions were distributed
among A and P sites of the ribosome in proportions very similar to normally
methylated tRNAs.

DISCUSSION

Cycloleucine, a competitive inhibitor of ATP:L-methionine-S-adeno-
syl transferase in vitro 6, induces in vivo a rapid decrease of S—adenosyl
methionine intracellular pool, and consequently acts as a potent and reversi-
ble inhibitor of rRNA methylation, as shown in a previous paperj. In the
present study, we have examined the effects of a cycloleucine treatment of

CHO cells on tRNA methylations as well as on tRNA production and utilization.

tRNAs molecules, which are produced in the presence of cylcoleucine,
are extensively undermethylated as indicated by the level of (methy1-3H) me-
thionine incorporation. We consider that the amount of (methy1—3H) radio-
activity recovered in purified tRNAs can be taken as a reliable index of the
overall (base + ribose) methylation degree of these molecules : in fact, we
had previougly verified that the cycloleucine treatment, besides its effects
on the intracellular pool of S-adenosyl methionine, does not modify signifi-
cantly the entry of methionine into CHO cells 7. The drastic undermethylation
of tRNAs synthetized during the cycloleucine treatment has been confirmed by
an indeépendent approach : the dosage of alkali-resistant dinucleotides indi-
cates that methylation on the 2'0 ribose is also stronghly inhibited too, al-
though at a lower extent than total methylations; if significant, this discre-
pancy could indicate that bases and 2'0 ribose are methylated with different

efficiency when the pool of intracellular S-adenosyl methionine is reduced.
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This result must be put together with previous reports describing a non-
uniform sensitivity of the different methylation sites to ethionine treat-

R . 1
ment IA, as well as with results 3,16

demonstrating a definitive order of
succession of the integration of the various methyl groups in the tRNA mole-
cules.

These undermethylated tRNAs are incorporated into polysomes and
recovered in both A and P ribosomal sites, thus suggesting that they are
functional in protein biosynthesis. This is in line with prevbus reports,
showing no apparent differences between normal and hypomethylated bacterial
tRNAs as to aminoacid incorporation efficiency in in vitro systems 17, 18.
However, a marked reduction in the amount of newly synthetized tRNAs reco-
vered into polysomes is observed. This decrease corresponds altogether to a
reduced production of cytoplasmic tRNA and to a delayed integration of these

undermethylated cytoplasmic molecules into polysomes.

The reduction in the rate of tRNAs cytoplasmic appearance reaches
about 60 7. It must be noted that the residual production of cytoplasmic
tRNAs (40 %) is significantly higher than that observed for cytoplasmic
rRNA (about 15 Z) during the cycloleucine treatment. However, due to a lack
of an unambiguous characterization of tRNA primary transcripts, it is dif-
ficult to discriminate between transcriptional and post-transcriptional le-
vels for inhibition, as was done previously for rRNA species : the 85 7
decrease of ribosome production resulted from a 30 7 inhibition of the trans-—
cription rate and from further impairments of the maturation process 7. How-
ever, if one assumes that the 4.5S species represents mainly tRNA precursors
one can calculate that the rate of tRNA transcription (estimated from the
sum of 4S + 4.5S counts for short term labelling) in treated cells comes ap-
proximatively to about 75 %Z of the control rate. Such a degree of inhibition
would then be very close to what was observed for whole cellular RNA or ribo-
somal RNA precursor 7. It must be stressed that the deficiency in the total
labelling of 4S + 4.5S in treated cells becomes progressively more important
as the chase proceeds : the inhibition reaches 60 7 after a 210 min chase
following a 30 min pulse. Such a result could indicate that either the ef-
ficiency of the maturation process of tRNA precursors,or the stability of
newly synthetized undermethylated tRNAs were decreased as a result of the
cycloleucine treatment.

Finally, our results indicate that a complete set 6f methylations-
is not obligatory for the production and utilization of tNRAs in mammalian

cells. However, the undermethylation seems to result in a reduced probabili-
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ty for the completion of maturational events as well as for participation in
protein biosynthesis. Cycloleucine maziqrovide a potent tool for a detailed
study of the specific role of varioJ:?g{oups in the control of tRNA matura-
tion and utilization, particularly through large scale isolations of indivi-

dual undermethylated tRNAs and tRNA precursors.
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