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1. Introduction

The level of an aminoacyl-tRNA-synthetase in
bacteria can be increased reactively in answer to
specific environmental conditions or constitutively
due to mutation (cf. {1,2] and [3—6]). In neither
case the molecular reactions determining the intra-
cellular level of an aminoacyl-tRNA-synthetase are
fully understood.

We have described mutants of E. coli K12, in which
the level of wildtype threonyl-tRNA-synthetase (ThrRS)
is increased constitutively by a factor of three to ten,
depending on the mutant [4,7]. Since in many respects
aminoacyl-tRNA-synthetases and tRNA can be looked
at as a functional unit, we investigated the tRNAThT
in one of our mutants, which has a five-fold increased
level of ThrRS. Here we show that this intracellular
increase of wildtype ThrRS is accompanied by a
specific change in the amount of the three threonine
isoaccepting tRNA’s.

2. Materials and methods

2.1. Bacterial organisms and growth conditions

The E. coli wildstrain used was E. coli K12B [8,9].
From this strain the Borrelidin resistant mutant Bor
Res 3 had been isolated without using any mutagen
[4]. The cells were grown in minimal medium at
37°C as previously described [10]. For isolation of
tRNA the cells were grown under identical conditions
but the volume of the culture was increased to 100
liters and the cells were always harvested in their
logphase of growth at an 44,0 nm not higher than
1200.
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2.2. Determination of the activity of aminoacyl-tRNA-

synthetase

Cell-free extracts were prepared as previously
described [7]. For aminoacylating the tRNA of K12B
or Bor Res 3, a RNA-free aminoacyl-tRNA-synthetase
fraction was used, which had been prepared according
to Traub et al. [11] as previously described [7], how-
ever now the DEAE-step [11] was included into the
procedure. The specific activity of the ThrRS and
PheRS was determined as described [7]. The experi-
mental conditions for determining the specific activity
of the SerRS were the same as for the PheRS except
that serine in a concentration of 1.5 X 10°* M was
used. One unit of enzyme activity is defined as the
attachment of 1 umol amino acid to tRNA per hour.
The specific activity is expressed as enzyme units per
mg protein.

2.3. Isolation of tRNA

tRNA of K12B and Bor Res 3 was isolated accord-
ing to the method of Zubay [12], with the modifica-
tions described by Kelmers [13]. However, as report-
ed for tRNAHS {RNAATE and tRNAVA [14], the
stripping step was omitted since in control experiments
stripped and unstripped tRNA gave the same amount
of acceptance for the investigated amino acids Phe,
Ser and Thr. The tRNA was prepared in portions of
30 g wet weight of cells, with a yield of 55 mg total
tRNA, an absorbance of 23.0 at wavelength of 260
nm being equal to 1 mg tRNA.

2.4. Separation of isoaccepting tRNA
Isoaccepting tRNATI and isoaccepting tRNASer

were separated by the BD-cellulose urea method
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developed by Fittler et al. [15]. The BD-cellulose was
purchased from Serva (Heidelberg, W. Germany) and
the urea from Baker (Deventer, Netherlands). A water
jacketed column (6 X 30 mm) was used. The column
was equilibrated with 0.15 M NaCl containing 7 M
urea and the pH had been adjusted to 3.0 with HCL. A
total of 1.4 mg tRNA was applied to the column as
described in the result section. After placing the
tRNA on the column, it was washed with 150 ml of
the buffer used for equilibration. Then the column
was eluted with a linear gradient (120 ml/120 ml) of
0.22 M NaCl to 0.50 M NaCl containing 7 M urea

and pH 3.0 adjusted with HCI. The flow rate of the
column was 10 ml/hr and the eluate was collected in
1.5 ml fractions. Throughout the chromatography the
temperature of the column was kept constant at 24°C
and the ionic strength was monitored continuously
by a conductolyzer (LKB 5300 B). The radioactivity
in the fractions was measured in aliquots of 1.0 ml
which were put in 10 ml of Aquasol (New England,
Boston, USA)

2.5. Protein concentration

The protein concentration was determined by the
standard colorimetric method [16] using human serum
albumin as standard protein.

3. Results and discussion

In order to obtain more information about the
molecular events involved in the regulation of the
level of ThrRS in E. coli K12, we investigated the
tRNATh of our mutant Bor Res 3. The intracellular
concentration of ThrRS in this mutant is constitutively
increased by a factor of five and its ThrRS has been
proven to be the wildtype ThrRS [4,7]. In table 1 it
is shown that the total amount of tRNATHI s the
same in the parental strain K12B and in the mutant
Bor Res 3. Thus the five-fold increased level of ThrRS
in Bor Res 3 is not accompanied by an increase of total
threonine accepting tRNA, which means that in Bor
Res 3, in comparison to the parental strain, the rela-
tion ThrRS to tRNAT is increased by a factor of five
(table 1).

Next we investigated whether the pattern of iso-
accepting tRNATH is altered in Bor Res 3. The separa-
tion of the threonyl-tRNA of K12B on the BD-cellulose
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Table 1
Specific activity of aminoacyl-tRNA-synthetases and
isoaccepting tRNATRT 514 tRNASET in K12B and

Bor Res 3
K12B Bor Res 3

Aminoacyl-tRNA-synthetases (spec. act.)

ThrRS 0.032 0.155

SerRS 0.185 0.165

PheRS 0.076 0.075
Total tRNATHT (bmol/100 ug tRNA) 114 107
Total tRNAS®T (pmol/100 ug tRNA) 92 100
Isoaccepting tRNATNT (%)

peak 1 69 37

peak 2 21 33

peak 3 10 33
Isoaccepting tRNASET ()

peak 1 56 56

peak 2 44 44

Cell growth, preparation of crude extract, determination of the
specific activity of aminoacyl-tRNA-synthetase and the isola-
tion of total tRNA was performed as described in the method
section. To determine the content of tRNA TN and tRNASEr
in the total tRNA, limiting amounts of tRNA were used in
several concentrations (100 ug— 1000 ug), the threonine con-
centration was 4 X 10™ M and as enzyme source 40 ug of the
RNA-free aminoacyl-tRNA-synthetase containing fraction of
K12B was used, all the other experimental conditions were
the same as for the determination of the activity of ThrRS or
SerRS, as described in the method section. The percentage of
isoaccepting tRNATNT and isoaccepting tRNAS®T species are
calculated from the elution profile in fig.1 and fig.2 respec-
tively.

column resulted in three isoaccepting tRNATW species
(fig.1), whereby the first eluting peak contains more
than 60% of the total tRNATRI. A resolution of iso-
accepting tRNATN into three peaks of corresponding
sizes of an E. coli K12 strain which was also grown in
minimal medium has been described by Squires et al.
[17]. The apparent difference in the sequence of the
elution of the three isoaccepting tRNATH! species is
probably due to the fact that these authors used the
technique of reversed phase chromatography in their
studies [17]. When separating the isoaccepting
tRNAThT of Bor Res 3, an altered elution profile
emerged (fig.1): There are also three isoaccepting
tRNATHI gpecies but their relative amounts differ
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Fig.1. Separation of isoaccepting tRNATRT of K12B and Bor
Res 3. Growth of K12B and Bor Res 3, the isolation of the
total tRNA of these cells and the operation of the BD-cellulose
column was performed as described in the method section. A
total of 1.4 mg tRNA was applied to the column, 0.7 mg of

it being tRNA of K12B charged with ['*C] threonine and

0.7 mg being tRNA of Bor Res 3 charged with [*H] threonine.
The tRNA of K12B and Bor Res 3 were aminoacylated in se-
parate incubation mixtures, the composition of the incubation
mixtures was the same as described in the method section for
determining the activity of the ThrRS, however the total
volume was 2.0 ml, the threonine concentration was 4 X 10* M
and as enzyme source, 160 ug of the RNA-free aminoacyl-
tRNA-synthetase fraction of K12B were used. The incubation
time was 10 min and the reaction was stopped by adding 8.0
ml of the buffer used for equilibrating the column plus 0.1 ml
of 0.5 N HCl. Immediately thereafter, the two incubation
mixtures were mixed and applied to the column. The vice
versa charging of the tRNA (tRNA of K12B with [*H]threo-
nine and tRNA of Bor Res 3 with ['*C] threonine) resulted in
an identical pattern of resolution of isoaccepting tRNA *11F,
which was also the case when using tRNA isolated from differ-
ent batches of K12B and Bor Res 3 grown under identical con-
ditions. However, the slight shift of peak 2 of Bor Res 3 in
relation to peak 2 of K12B was not always observed.

drastically from the one of the parental strain insofar
as only 37% of the total tRNATN is present in the
first eluting peak and a relative increase of the
tRNATHI in peak 2 and peak 3 has occurred (fig.1,
table 1).

Recently the primary structure of one of the three
isoaccepting tRNATH! has been determined and found
to correspond to the codon ACU/C [18]. From the
comparison of the elution profiles of tRNATHI by
Carbon [17] and the one presented here, we conclude
that the sequenced tRNATNT is the one which elutes
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as peak 2 from our BD-cellulose column. If this is
correct, it would mean that in Bor Res 3 the

tRNAX}gU/C is increased from 21% to 33% of the

total tRNATH jn comparison to the wildtype K12B.
The knowledge of the primary structure of the two
other isoaccepting tRNATNT will reveal whether differ-
ent genes code for the tRNATRI species and whether
post-transcriptional modification is involved, which
might then shed further light upon the biological
meaning of the altered distribution of isoaccepting
tRNAThr in Bor Res 3.

As a control the pattern of isoaccepting tRNASeT
was determined in K12B and Bor Res 3 (fig.2); it is
identical in both the parental and the mutant strain.

A resolution of tRNASET into two main peaks had been
observed by other authors [19].

There have been a few reports about the involvement
of tRNA in the regulation of the level of the correspond-
ing aminoacyl-tRNA-synthetase: In a mutant of
Salmonella typhimurium in which the acceptor acitivity
of total tRNA for histidine was found to be 50% of
the one of the wildtype, a derepressed formation rate
of histidyl-tRNA-synthetase was observed [20].
Furthermore when the formation rate of structurally
altered methionyl-tRNA-synthetase (MetRS) was
increased, the in vivo charging of total tRNAMet was
reduced to about one-third [21]. The relationship of
aminoacylated tRNAMet to the formation rate of
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Fig.2. Separation of isoaccepting tRNASET of K12B and Bor
Res 3. The experimental conditions were exactlv those describ-
ed for fig.1 but instead of threonine, serine was used in a
concentration of 1.5 X 10™* M.
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wildtype MetRS has recently been thoroughly invest-
igated and it has been demonstrated that in E. coli
K12, a derepression of the formation rate of MetRS
begins as soon as more than 25% of the tRNAMet jg
deacylated [6] . However when posing the same Met-
tRNA deacylating conditions upon E. coli K12 strains
which possess various constitutively increased levels of
wildtype MetRS, no further increase of the intracellular
levels of MetRS is observed, and in some such strains,
even a 40% decrease of the level of MetRS occurs [6].

Here for the first time we describe a characteristic
change of the pattern of isoaccepting tRNA in a cell in
which the level of the corresponding wildtype amino-
acyl-tRNA-synthetase is constitutively increased.
Future experiments will have to answer the question
of whether a common though still unknown regulatory
molecule is responsible for both the increase of the
level of ThrRS and the change in the profile of iso-
accepting tRNATRT or wether this change of isoac-
cepting tRNATHT is a causative event for the five-fold
concentration of ThrRS in Bor Res 3.
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