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Enzymes catalyzing the transfer of methyl groups from S-adenosyl-L-methio-
nine to a precursor transfer ribonucleic acid (tRNA) and forming 5-methyluri-
dine (m5U), 1-methylguanine (m1G), or 5-methylaminomethyl-2-thio-uridine
(mam5s2U) are denoted tRNA(m5U)-(EC 2.1.1.35), tRNA(m1G)-(EC 2.1.1.31), and
tRNA(mam6s2U)methyltransferase. We have studied the regulation of these
tRNA biosynthetic enzymes in Escherichia coli under various physiological
conditions and in bacterial mutants known to affect the regulation of components
of the translational apparatus. Such studies have revealed that tRNA(m5U)-
methyltransferase increases with the growth rate in the same fashion as stable
RNA, whereas the activity of two other tRNA methyltransferases remains con-
stant in relation to the growth rate. Thus, these tRNA biosynthetic enzymes were
not coordinately regulated. Regulation ofboth tRNA(m5U)methyltransferase and
stable RNA was similar during shift-up and shift-down experiments. This enzyme
showed a stringent regulation in relAU strain (T. Ny and G. R. Bjork, J. Bacteriol.
130:635-641, 1977) but also in two temperature-sensitive mutants, fusA and fusB,
known to influence the accumulation of guanosine 5'-diphosphate 3'-diphosphate
and RNA synthesis at nonpermissive temperatures. The tRNA(m5U)methyl-
transferase showed a gene dose effect when its structural gene, trmA, was carried
on a plasmid or on X transducing phages. Although the regulation of tRNA-
(m5U)methyltransferase was surprisingly coupled to that of stable RNA, this
enzyme was expressed at a much lower level.

tRNA plays a central role in the metabolism
of the cell not only in its well-known function as
an activator ofamino acids for protein synthesis,
but also as a regulatory element in many amino
acid biosynthetic pathways (17). During the last
few years, the mechanism of the biosynthesis of
tRNA has been intensively studied (33, 34). It is
known that the primary transcription product is
larger than the mature tRNA. This primary
transcription product is cleaved by several endo-
and exonucleases. Polymeric as well as mono-
meric precursors have been identified. During
this maturation process, several modification re-
actions such as tRNA methylation must occur.
The methylated nucleoside m5U (ribothymi-
dine) is present in all tRNA chains in Esche-
richia coli and is always positioned in the
T*CG-loop (loop IV) of the tRNA (31). The
enzyme which catalyzes this methylation,
tRNA(m6U)methyltransferase, is known to work
at the precursor level, as well as on mature
tRNA which lacks m6U (3). Many other modi-
fication reactions are known to occur, but they
usually only operate on a few of the tRNA
species in E. coli. Thus, m1G and mam5s2U are

present only in 12 and 4% of the tRNA chains,
respectively (5). At high growth rates, tRNA
constitutes about 4% of cell mass, i.e., the bio-
synthesis of tRNA is a major biosynthetic path-
way in the cell (19, 25).
The regulation of different components of the

translational apparatus has been under intensive
study for several years (19, 23, 25). Thus, it is
known that the level of rRNA, ribosomal pro-
teins, tRNA, and elongation factors G and T
increases with increasing growth rate (19, 25).
The aminoacyl-tRNA ligases were shown to
have both an amino acid- and a growth rate-
dependent regulation (23). Little is known about
the interrelationship between the amount of en-
zyme involved in the biosynthesis of tRNA and
the amount of the final product. Therefore, it is
important to elucidate not only the stepwise
maturation of the tRNA biosynthesis, but also
how the different elements involved in its bio-
synthesis are regulated. Especially interesting is
the behavior of the tRNA biosynthetic enzymes
in relation to the behavior of RNA polymerase
and different components in the translational
apparatus. When mutants such as trmA, trmC,
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and trmD were isolated, a specific assay proce-
dure for tRNA biosynthetic enzymes became
available, since tRNAs from such mutants were
specific substrates for the tRNA(m5U)-, tRNA-
(mam5s2U)-, and tRNA(m'G)methyltransfer-
ase, respectively (4, 5). This made it possible for
us to initiate a systematic study of the regulation
of tRNA(m5U)methyltransferase and two other
tRNA methyltransferases under various physi-
ological conditions and in bacterial mutants
known to affect the regulation of the transla-
tional apparatus.

MATERIALS AND METHODS
Abbreviations. The abbreviations used in this pa-

per are those recommended by the Commission on
Biochemical Nomenclature (CBN-1970): m5U, 5-
methyluridine (ribothymidine); m'G, 1-methylguano-
sine; mam6s2U, 5-methylaminomethyl-2-thio-uridine;
tRNA methyltransferases producing m5U, m'G and
mam6s2U are called tRNA(m5U)-(EC 2.1.1.35),
tRNA(m'G)-(EG 2.1.1.31), and tRNA(mam5s2U)-
methyltransferase, respectively.

Bacterial strains. Escherichia coli strain NC3 was
used in most experiments (21). This strain is E. coli
B/r, substrain A, obtained from F. C. Neidhardt, Ann
Arbor, Mich. Different mutants of strain NC3 were
used: NC40 (fi&A) has a temperature-sensitive elon-
gation factor G; strain NC36 (leuA) is temperature
sensitive for growth as a result of an altered first
enzyme in the leucine biosynthetic pathway; and strain
NC39 (cya) is pleiotrophic negative for growth on
arabinose, galactose, and lactose. In earlier experi-
ments a wild-type E. coli B/r, substrain F, obtained
from N. Fiil, Copenhagen, Denmark, was used. The
two E. coli B/r substrains A and F used have some-
what different DNA replication patterns (15). Several
E. coli K-12 strains have also been used. Strain 72c
(fisB) obtained from L. Isakson, Uppsala, Sweden,
is temperature sensitive for growth due to a failure to
make stable RNA at high temperatures (35). Strains
AB1932-5-39 (trmA5), IB1111 (trnmDl), and a recom-
binant of IB1102 and IB1302 (trmC2) were used as
sources for tRNA preparations (4, 5).

Plasmids and A phages. CoIEl hybrid plasmid
pTN035 carries a 10.1-kilobase chromosomal fragment
which contains the argCBH and the trmA genes,
whereas plasmid pTN102, which is a pBR322 deriva-
tive carries a 2.9-kilobase EcoRI fragment which con-
tains the trmA gene. The two Adarg phages, Xdargl3
and Xdarg50, carry the chromosomal fragments which
contain the ppc, argECBH, trmA, bfe genes, and
argECBH and trmA genes, respectively. The chro-
mosomal fragment is inserted in two different orienta-
tions, and at two different sites in the X genome, in
these two phages (10).
Chemicals and radiochemicals. S-[methyl-

"4C]adenosyl-L-methionine (58 mCi/mmol, or 0.5 mCi/
mmol) was from Radiochemical Centre, Amersham,
Buckinghamshire, England.

Bacterial growth conditions. Bacterial cultures
were grown aerobically on a rotary shaker at 37°C. All
growth studies were carried out in a salt medium

(morpholinepropanesulfonic acid [MOPS]), by the
method of Neidhardt et al. (24). The carbon sources
used were 0.4% potassium acetate, 0.4% succinic acid
(disodium salt), and 0.4% D-glucose. For richer media,
the salt medium containing glucose as carbon source
(MOPS-glucose) was supplemented with either 1.5%
Casamino Acids (MOPS-glucose-CA), 1.0% tryptone
(Difco), and 0.5% yeast extract (MOPS-TGYE) or a
supplement (defined rich) media containing 20 amino
acids, 2 purines, 2 pyrimidines, and 5 vitamins (Rich-
MOPS) as described by Neidhardt et al. (22). The
MOPS salt medium was made up to 10 times the final
concentration and filter sterilized. Water was auto-
claved, and the media used were mixed under aseptic
conditions. Shifts between different media were per-
formed by collecting cells on a filter, washing, and
quickly resuspending them in the new growth media.
Growth determination. The cells were pregrown

for several (6 to 10) generations in the same medium,
and kept below an optical density at 420 nm of 1.0 (150
,lg total dry weight per ml) to assure that the cells
were in balanced growth. The growth rate was deter-
mined by the rate of increase in cell mass between an
optical density of 0.1 and 1.0. At least three measure-
ments were made during each doubling. Growth rate
was expressed as the specific growth rate constant, k,
where k = (ln2)/mass doubling time in hours. Optical
density was determined with a Zeiss PMQII or
PMQIII spectrophotometer at 420 nm, with a path
length of 1 cm.
Preparation of extract. Crude extracts were pre-

pared as described by Ny and Bjork (26). The method
involves sonic disruption of the cells for 10 x 20 a at
power setting 3.0 on a Branson sonifier B12 and cen-
trifugation at 27,000 x g for 15 min. After dialysis
overnight, the enzyme activity was measured. When
enzyme extracts were stored at 40C, the preparation
retained 90% of the tRNA(m6U)methyltransferase ac-
tivity for 7 days.

Preparation of tRNA. The tRNA preparations
used for assaying the tRNA-methyltransferases were
prepared from strain GB1-5-39 [tRNA(m6U)meth-
yltransferase], from strain IB1111 [tRNA(m'G)meth-
yltransferase], and from strain IB1302 [tRNA-
(mam6s2U)methyltransferase] by the method of Avital
and Elson (2). The cells were grown in a rich medium,
harvested in late logarithmic phase, and washed with
0.9% NaCl. The method involves phenol extraction in
the presence of chloroform, stripping of the amino
acids, and fractionation of rRNA and tRNA with 2 M
LiCl. The tRNA was dialyzed for 22 h against 6 liters
of 10 M Mg2+.

Determination of tRNA(m'U)methyltransfer-
ase activity. The activity of this tRNA-methyltrans-
ferase was measured as described (26) with tRNA
from a trmA5 mutant, which completely lacks m5U in
its tRNA, as specific substrate (4). One enzymatic unit
transfers 1 umol of methyl group to tRNA per min at
370C.

Determination of tRNA(m1G)methyltransfer-
ase activity. tRNA from strain IBlill (trmDI),
which lacks m'G, was used as a specific substrate for
the tRNA(m'G)methyltransferase (5). The assays
were performed in a reaction mixture of 100 1d con-
taining: 10 pmol of Tris-hydrochloride (pH 8.0), 0.1
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pumol of dithiothreitol, 0.01 punol of EDTA, 0.6 umol of
MgCl2, 2.4 umol of NH4Cl, 5.2 nmol of S-[methyl-
14C]adenosyl-L-methionine (specific activity, about 20
mCi/mmol), and 260 ,ug of tRNA from strain IB1111
and varying amounts of enzyme. The reaction was
carried out at 37°C for 15 min and stopped by adding
3 ml of ice-cold 0.01 M La(NO3)3 in 0.5 M HCl04. One
enzymatic unit is defined above.
Determination of tRNA(mam's2U)methyl-

transferase activity. tRNA from strain IB1302
(trmC2), which lacks mam5s2U, was used as specific
substrate (5). The reaction mixture (100 1l) contained:
10 ,umol of Tris-hydrochloride (pH 8.5), 0.1 ,umol of
dithiothreitol, 0.01 pmol of EDTA, 6 ,umol of NH4Cl,
13.4 nmol of S-adenosyl-L-methionine (specific activ-
ity of about 30 or 500 mCi/mmol of methyl-14C or
methyl-3H label, respectively), and 100 ug of tRNA
from strain IB1302 and varying amounts of enzyme.
The reaction mixture was incubated at 37°C for 10
min. Mg2+ ions were omitted since they are inhibitory
for this tRNA methyltransferase. One enzymatic unit
is defined as above.
Determination of plasmid copy number. Plas-

mid copy number was determined by ethidium bro-
mide-cesium chloride gradient centrifugation of [3H]-
thymidine-labeled cell lysates (13).
Antibody formation. Fraction VII (300 jig) of

purified tRNA(m6U)methyltransferase (Ny and Bjork,
manuscript in preparation) was injected into an in-
guinal lymph node of a rabbit, together with complete
Freund adjuvant. After 1 month, an additional 300,ig
of fraction VII was injected. Six days thereafter, the
rabbit was bled. Whole serum was stored frozen. Such
serum inhibits the activity of tRNA(m5U)methyl-
transferase.

Other methods. Protein was determined by the
method of Lowry et al. with bovine serum albumin as
the standard (18). RNA was measured by the orcinol
method with yeast RNA type III as standard (32).

RESULTS
tRNA methyltransferase level at differ-

ent growth rates. E. coli strain NC3 was grown
in different media to elicit a wide range ofgrowth
rates. Cells were harvested during steady-state
growth at an optical density of 1.0, and the
specific activity of the tRNA(m5U)-, tRNA-
(m'G)-, and tRNA(mam5s2U)methyltransfer-
ases was determined. Figure 1 shows that the
tRNA(m5U)methyltransferase level increased
about 3.7-fold when the growth rate was changed
approximately 5.5-fold. This was due to the
growth rate and not to the media composition,
since the level of this enzyme decreased with
growth at semipermissive temperatures in strain
NC36 [leuA(Ts)] (Fig. 5). However, the level of
tRNA(m1G)- and tRNA(mam5s2U)methyltrans-
ferases did not vary in the same range of growth
rate (Fig. 1). In addition we have used another
substrain (F) of E. coli B/r which shows a some-
what different DNA replication pattem (15). No
significant difference was observed when this
strain was compared with strain NC3.
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FIG. 1. Levels of different tRNA methyltransfer-

ases in different media during the steady state of
growth. Symbols represent the specific activity of
tRNA(m5U)- (0), tRNA(m'G)- (U), and tRNA-
(mam5s2U)- (A) methyltransferase.

Activators or inhibitors produced during
growth in different media may influence the
activity in the different cell extracts. To examine
this possibility, we prepared enzyme extracts
from slow-growing cells (MOPS-acetate) and
fast-growing cells (MOPS-TGYE) and mixed
them in different proportions. The activities of
the tRNA(m5U)methyltransferase were always
strictly additive, and no indication of an activa-
tor or inhibitor was observed (data not shown).
To directly correlate the specific activity with
enzyme molecules, we made an antibody neu-
tralization curve. Figure 2 shows the results with
enzyme extract from slow-growing cells (MOPS-
acetate) and fast-growing cells (Rich-MOPS).
Since the initial slopes are very similar, the
enzyme extract must contain the same amount
of enzyme molecules per unit of activity. Thus,
the results in Fig. 1 reflect changes in the level
of tRNA (m5U) methyltransferase molecules.
Since this enzyme shows the interesting growth
rate-dependent regulation, we have studied it in
more detail.
Regulation of the tRNA(m5U)methyl-

transferase during shifts in growth
rate. Figure 3 shows the results of a nutritional
shift-up experiment from MOPS-acetate (k =
0.42) to MOPS-Casamnino Acids (k = 1.5). The
differential rate of the tRNA(m5U)methyl-
transferase synthesis changed immedi-
ately to the differential rate characteristic for
the faster growth rate. These kinetics are iden-
tical to the kinetics for accumulation of stable
RNA during a similar shift (20). Thus, the reg-
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FIG. 2. Antibody neutralization of tRNA(m5U)methyltransferase activity from E. coli NC3 grown at
different growth rates. Cultures of strain NC3 were grown in MOPS-acetate (k = 0.42) and in Rich-MOPS
(k = 2.06). The specific activity of tRNA(m5U)methyltransferase was 3.2 x 10' in the MOPS-acetate and 11.6
x 10-5 in the Rich-MOPS media. These extracts were mixed with varying amounts ofdiluted (1:40) antiserum
directed against the tRNA(m6U)methyltransferase. Various amounts ofthe diluted antiserum were incubated
in a 50-,ul volume at 0°C for I h in the presence of crude extracts. Thereafter, duplicate samples were assayed
for tRNA(m5U)methyltransferase activity. The circles are values from the Rich-MOPS culture; squares are
from MOPS-acetate culture. The solid symbols in each case represent higher amounts ofproteins used than
the open symbols. Curves A and D were generated by using equal amounts ofprotein (42.4 pg), and curves B
and C were generated by using equal amounts of activity (1.8 x 106 U).

14 ulatory pattern of tRNA(m5U)methyltransfer-14 / ase during a shift up was found to be identical to
1 2 0 that of stable RNA and did not follow that ofao - / vbulk protein.

C E I / Several shift-down experiments were per-
formed, and tRNA(m5U)methyltransferase ac-

., 8 tivity, stable RNA, protein and optical density
E 65 were monitored. Figure 4 shows a shift from a

LL / fully supplemented medium (MOPS-TGYE,
LO 4 k = 1.98) to a medium with the same carbon
E [p g ,< E X source but with no supplementation (MOPS-
z 2[ glucose, k = 1.02). The accumulation of both
_ g stable RNA and tRNA(m5U)methyltransferase

0 . . . .stopped immediately, but the resumption of ac-20 60 100 140 cumulation of the enzyme preceded significantly
Protein (p,g/ml) that of stable RNA. Two other shift-down ex-

FIG. 3. Differential rate of accumulation of periments have been performed. One shift was
tRNA(m5U)methyltransferase in MOPS-acetate (k = from cells growing in MOPS-glucose (k = 1.02)
0.42, A) and MOPS-Casamino Acids (k = 1.5, 0) and to MOPS-acetate (k = 0.48). Another experi-
after a shift up (0). ment utilized the fact that addition of a-meth-
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FIG. 4. Accumulation of protein (A4), tRNA-
(ml U)methyltransferase (0), and stable RNA (0)
after a shift down from MOPS-TGYE to MOPS-glu-
cose. All values have been normalized to the value in
MOPS-TGYE at the time of the shift. The accumu-
lation in MOPS-TGYE control culture of all macro-
molecules is indicated by ( ).

ylglucoside to cells growing in glucose elicits a
shift down due to the competition by the non-
metabolizable a-methylglucoside for glucose
(14). Both experiments showed that the accu-
mulation of tRNA(m5U)methyltransferase and
stable RNA stopped immediately and resumed
at the same time (data not shown).
Gene dose response. We have cloned the

trnmA gene on different plasmids, pTNO35 and
pTN102. Cells carrying the pTNO35 or pTN102
plasmid overproduce the tRNA(m5U)methyl-
transferases 3.5-fold and 20-fold, respectively. In
the latter case the plasmid content was deter-
mined by density centrifugation in cesium chlo-
ride, and it was found that such cells had a
plasmid copy number that correlated with the
enzyme level. The two Xdarg transducing phages
Xdargl3 and Xdarg50 carry the trmA gene (10;
Ny and Bjork, manuscript in preparation). Upon
induction of the Xdargl3 and Xdarg50, a four-
and sixfold increase, respectively, in specific ac-
tivity was observed compared with induction of
Xdarg derivatives which do not carry the entire
trnmA gene. Thus, when the structural gene is
present in extrachromosomal elements, the en-
zyme is overproduced. In one case, the enzyme
was shown to be overproduced in a one-to-one
ratio even when high gene copy numbers were
present.
Regulation of tRNA(m6U)methyltrans-

ferase in mutants or under special physio-
logical conditions with known effects on

the accumulation of components of the
translational apparatus. We have shown ear-
lier that tRNA(m U)methyltransferase is strin-
gently regulated; i.e., in relA' or reL41 strains,
under limiting levels of charged valyl-tRNA, the
relative rate of synthesis is repressed or dere-
pressed, respectively (26). Mutation in the elon-
gation factor G is known to elicit a relaxed
response, i.e., at semipermissive temperatures, a
stable RNA is overproduced (1; Fig. 5). When
the level of tRNA(m5U)methyltransferase was
measured under such conditions, the level of the
enzyme was raised in the same manner as stable
RNA (Fig. 5). Strain 72c harbors a temperature-
sensitive lesion in a gene, fiuB. This mutation
has a pleiotrophic effect, but shows a dramatic
inhibition of stable RNA accumulation at high
temperature, whereas protein synthesis contin-
ues (35). We followed the differential rate of
tRNA (m5U)methyltransferase synthesis, and as
a control, glucose 6-phosphate dehydrogenase.
The rate of synthesis of the tRNA(m6U)-
methyltransferase stopped in the same manner
as stable RNA, whereas the synthesis of the
glucose 6-phosphate dehydrogenase continued
at the expected rate (data not shown).
McKeever and Neidhardt (21) have found sev-

eral physiological conditions where the level of
many aminoacyl-tRNA ligases failed to adjust
to that expected from the growth rate. These
conditions included growth of strain NC39
(leuA) at semipermissive temperature, growth
of strain NC3 in Rich-MOPS lacking only argi-
nine, and growth of strain NC39 (cya) in Rich-
MOPS. Figure 5 shows the level of tRNA-
(m5U)methyltransferase and the RNA/protein
ratio under the same conditions. It is clear that
in all these experiments the tRNA(m5U)meth-
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FIG. 5. Level of stable RNA (A) and tRNA-
(m5U)methyltransferase (B) at steady-state growth in
different mutants or under different physiological
conditions. Symbols indicate the levels in NC39 (cya)
at 370C (x), in NC40 (fusA) at the semipermissive
temperature 370C (U), in NC36 (leuA) at semipermis-
sive temperature 370C (A), and NC3 in Rich-MOPS
lacking only arginine 370C (0). Symbols (0) and
(-) denote the steady-state level of RNA and
tRNA(m5U)methyltransferase in NC3, respectively.
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yltransferase leveL unlike the level ofmany ami-
noacyl-tRNA ligases, was adjusted in the same
manner as that of stable RNA.

DISCUSSION
We have shown that the regulation of a tRNA

biosynthetic enzyme, tRNA(m6U)methyltrans-
ferase, is surpnsingly similar to that of stable
RNA. Since all experiments were performed by
activity measurements, some results may be
questionable. However, no indication of an ac-
tivator/inhibitor was detected. Furthermore, the
lower activity at slow growth rates cannot be
due to poor sonic disruption, since a different
sonication treatment did not influence the spe-
cific activity (data not shown). A direct meas-
urement of enzyme molecules by antibodies
showed that the specific activity is a true meas-
urement of the level of enzyme molecules (Fig.
2). However, the changed level of the
tRNA(m5U)methyltransferase might be due to
a changed turnover rate of the enzyme. We
found this unlikely, since such mechanism has
not been found valid for the regulation of ribo-
somal proteins and aminoacyl-tRNA ligases (11,
28).

Since cells dividing more than once per hour
have multiple growing forks of DNA, genes lo-
cated near the replication origin will be ampli-
fied compared with genes closer to the replica-
tion terminus. To investigate whether or not the
increasing specific activity of the tRNA(m5U)-
methyltransferase might be due to differences in
gene dose, we calculated the trmA gene density,
i.e., gene copies per genome (7, 9). We found for
the trmA gene, which is the structural gene for
the tRNA(m6U)methyltransferase, has a gene
density of 1.13 at k = 0.4 and 1.72 at k = 2.0.
The ratio between the gene densities at the two
growth rates is only 1.52, which is why only a
minor part of the 3.7-fold increase in the level of
tRNA(m5U)methyltransferase can be explained
by such a mechanism. Furthermore, it is known
that the kinetics of accumulation of DNA after
shift up or shift down continue for one round of
replication at the preshift rate (8, 20). Thus, the
kinetics of the accumulation or tRNA(m5U)-
methyltransferase upon an increase in growth
rate cannot be explained by gene dose alone.
However, upon increasing the number of trmA
genes by introducing plasmids containing this
gene, a gene dose response was observed. This is
contrary to the lack of gene dose response by
most ribosomal proteins, but similar to the be-
havior of rRNA and aminoacyl-tRNA ligase op-
erons (6, 13, 16, 27, 30). The gene dose response
for the trmA gene shows that no specific positive
effector can be operating in the regulation of the

tRNA(m5U)methyltransferase. If the plasmid
contains the native promoter of the trmA gene,
our result shows that the cell has the capability
to transcribe a surplus of trmA genes, indicating
that no hypothetical effector is limiting in the
cell, but rather that the limiting component may
be the capacity of the promoter.
The mechanism which governs the regulation

of cell growth has not been elucidated. A passive
model has been suggested, while other investi-
gators have put forward a model including a
general signal measuring metabolic rate (19, 23).
Our result does not distinguish between these
models, but the growth rate-dependent regula-
tion might be composed of several regulatory
components, such as gene dose, and the distri-
bution of RNA polymerase molecules and spe-
cific metabolic effectors. Whatever the mecha-
nism is, the regulation of tRNA(m5U)meth-
yltransferase shares most of the hypothetical
regulatory elements with that of the regulation
of stable RNA and proteins involved in the
translational machinery. However, there is a
major difference between the amount ofproduct
made from the rRNA, ribosomal protein genes,
and the trmA gene. The weight fraction in glu-
cose minimal medium media of, for instance,
ribosomal proteins S1, L7/L12, and S6 is 1.51,
0.74, and 0.1%, respectively, (corresponding to
10,220, 25,390, and 2,820 molecules per genome)
(29). Our purification of tRNA(m5U)methyl-
transferase has revealed that the weight fraction
of this enzyme in cells grown in the same media
is, at the most, 0.002% (23 molecules per genome)
in glucose minimal medium (Ny and Bjork, man-
uscript in preparation). Surveying the growth
rate-dependent regulation of several proteins by
the O'Farrel technique, Pedersen et al. (29) were
able to identify groups of proteins with a similar
regulatory behavior. Ofthe 105 proteins in group
lc which are regulated as ribosomal proteins,
most also had a high weight fraction. This is
clearly not the case for the tRNA(m5U)-
methyltransferase, and this enzyme might be a
unique member of such a group. The other
two tRNA methyltransferases investigated,
tRNA(m'G)- and tRNA(mam6s2U)methyl-
transferase, are also found in low amount in the
cell (unpublished data). Although the corre-
sponding genes have a similar low expression as
the trmA gene, these three tRNA biosynthetic
enzymes are not coordinately regulated (Fig. 1).
The strong growth rate-dependent regulation

of tRNA(m5U)methyltransferase, but the low
expression of the trmA gene, makes it an inter-
esting gene to study in more detail. A compari-
son of the tr-m4 promoter with genes with simi-
lar regulation, but with vastly different expres-
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sion, will shed light on the elements determining
that expression, but may also allow some insight
into the promoter structure leading to growth
rate-dependent regulation.
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