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1. Introduction

Borrelidin inhibits the growth of E. coli effectively
[1, 2]. Since no other biochemical reaction is known
to be attacked directly by Borrelidin than the en-
zymatic activity of the threonyl-tRNA-synthetase
(ThRS) [2, 3], we isolated Borrelidin-resistant mu-
tants of £. coli K12 and E. coli B with the aim of
finding mutants with an altered structure or level of
ThRS.

The ThRS of fifteen Borrelidin-resistant mutants
of each E. coli strain was investigated. The properties
of the ThRS of two Borrelidin-resistant mutants of
E. coli K12 has been analysed extensively [4]. Here
now we describe the characterization of the ThRS of
the remaining Borrelidin-resistant mutants. By means
of determination of enzyme constants and antibody
neutralisation curves it is shown that the Borrelidin-
resistant mutants can be divided into three groups:
one group of mutants exhibits constitutively increased
levels of wildtype ThRS, the second group structurally
altered ThRS, and in a third group of mutants no
alteration of the structure or level of ThRS could be
detected. This suggests that Borrelidin-resistance in
the latter mutants is due to some other reason than
alteration of ThRS activity.

Since it is known that the ThRS participates in the
regulation of formation of the threonine biosynthetic
enzymes [2, 5], the level of aspartokinase was also
determined in the Borrelidin-resistant mutants grown
in the presence and absence of Borrelidin.
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2. Materials and methods

2.1. Bacterial organisms and growth conditions

The E. coli wildstrains used were E. coli K12B
[6, 7] and E. coli B [8]. From these strains
Borrelidin-resistant mutants were isolated without
using any mutagen by plating 4 X 108 cells per mini-
mal medium plate containing 139 uM Borrelidin. The
frequency of Borrelidin resistance was 1 X 10~ 8. The
minimal medium on the plates and the liquid cultures
was as described {9, 10]. Cell growth has also been
described [10]. In experiments in which cells were
grown for determination of aspartokinase the mini-
mal medium was supplemented with 2.5 X 10~3 M
I-lysine in order to repress the lysine-sensitive asparto-
kinase [11]. In experiments in which Borrelidin was
added to liquid growing cultures it was performed as
previously described [2], the final Borrelidin concen-
tration being 13.9 uM.

2.2. Determination of the ThRS activity and enzyme
constants

Cell-free extracts of 300 ml samples of cultures
were prepared and the activity of ThRS determined
as described [4] . One unit of enzyme activity is de-
fined as the attachment of 1 umole threonine to tRNA
threonine to tRNA per hour. Ky;-values and V..
were determined according to the method of Line-
weaver and Burk {12}, Hanes [13] and Hofstee [14];
all three methods gave similar results,

2.3. Immunological procedures
The antiserum used was a specific anti-ThRS-serum
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Table 1
Growth of E, coli strains in minimal medium, preparation of crude extract and determination of the ThRS activity and enzyme
constants were performed as described under Materials and methods.

E. coli K12-strain Threonyl-tRNA-synthetase

Antiserum-neutralisation
curve for the ThRS

Specific activity

Ky for threonine

Vinax — (Units/

(Units/mg protein) M x 10°5) 10 ug protein)

K12B 0.034 10.5 3.3 [
1

Bor Res 3 0.195 10.2 13.2 Ne
Bor Res 5 0.204 11.0 22.0 b
Bor Res 9 0.240 13.0 22.0 N
Bor Res 10 0.164 14.0 18.2 .
Bor Res 15 0.340 12.0 25.0 A
I

Bor Res 2 0.095 0.7 2.4 e
Bor Res 4 0.175 2.3 3.6 =
Bor Res 6 0.130 2.1 3.0 =
Bor Res 7 0.125 0.5 1.5 =
1

Bor Res 1 0.032 . 8.5 2.5 B
Bor Res 11 0.037 13.0 3.6 A
Bor Res 12 0.042 14.0 3.8 Do
Bor Res 13 0.038 9.5 3.9 Do
Bor Res 14 0.032 10.0 2.4 (N
v

Bor Res 8 0.002 130.0 2.1  —

The threonine concentration for determination of the specific activity of the ThRS was limiting with 2 X 1075 M for the wildtype,
whereas the two other substrates were in excess with 2 X103 M ATP and 1 X 1075 M £. coli B tRNA!I€0_ The antiserum neu-
tralization curves were prepared as described in the legend to fig. 1. As control in each experiment the antiserum neutralization

curve for the ThRS of the wildtype was determined.

[4]. The neutralization curves of the ThRS were
prepared according to Cinader {15] and Pollock [16]
by adding increasing amounts of antiserum to a con-
stant quantity of enzyme as already described [7}].

2.4, Protein concentration

Protein concentration was determined by the
standard colorimetric method [17], using human albu-
min as standard protein.

2.5. Aspartokinase measurements
These were performed according to the methods of
Black and Wright [18] and Stadtman et al. [11] as

previously described [2]. Enzyme activities are ex-
pressed as OD 540 nm per mg protein per 30 min.

3. Results and discussion

It is known that the level of several aminoacyl-
tRNA-synthetases is reactively increased under cer-
tain growth conditions, however, in most cases only
by a factor of about three [19-—-23]. Thus for select-
ing Borrelidin-resistant mutants of E. coli B, a
Borrelidin concentration was chosen which is ten
times the amount inhibiting the growth of these
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wildstrains to about fifty percent. By use of this rela-
tively low Borrelidin concentration the chance of
finding Borrelidin-resistant mutants in which the
resistance is due to constitutively increased levels of
wildtype ThRS should be increased.

The ThRS of fifteen Borrelidin-resistant mutants
of E. coli K12B was investigated (table 1): the specific
activity of the ThRS in crude extracts of the mutants
was determined using subsaturated concentration of
threonine in regard to the Ky-value for threonine of
the wildtype ThRS [4]. Thus an increased specific
activity of ThRS would resemble either an increased
level of ThRS or a lowered Ky;-value for threonine.
Nine of the fifteen mutants exhibit an increased spe-
cific activity of their ThRS by a factor of four to
nine (table 1). In a néxt series of experiments the
Ky -value for threonine of the ThRS was determined
in crude extract of the mutants (table 1). This en-
zyme constant had been proven to be similar regard-
less whether it was determined in crude extract or
purified ThRS-preparation [4] . Similar results were
obtained with various other aminoacyl-tRNA-synthe-
tases [24—26]. Table 1 shows that the mutants with
increased specific activity of their ThRS can be divided
into two groups according to their Ky -value for
threonine: in five of the mutants the Kj;-value of the
ThRS is like the one of the wildtype enzyme, the
Kjp-value of four of the mutants, however, is lowered
by a factor of five to twenty. These results demon-
strate that the ThRS of the latter four mutants is
structurally altered. The ThRS of the five mutants
of group I behaves like the wildtype enzyme indicat-
ing that in these mutants the increased specific activity
is apparently due to an increased level of structurally
unaltered ThRS. This indication was further supported
by comparison of the antiserum-neutralization curve
of their ThRS with the one of the wildtype enzyme.
It is known that a different shape of the antiserum-
neutralization curve is due to an altered structure of
the enzyme [7, 27]. Fig. 1 shows the antiserum-neu-
tralization curve for the ThRS of the wildtype of
Bor Res 2 and Bor Res 3. The curve for the ThRS of
Bor Res 3 is like the one for the wildtype enzyme
whereas the one for Bor Res 2 is shaped differently.
These results are in agreement with the wildtype-like
Ky -value for threonine of the ThRS of Bor Res 3 and
the altered enzyme constant of Bor Res 2. In all other
cases the shape of the antiserum-neutralization curve
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Fig. 1. Growth of E. coli strains, preparation of crude extracts
and of the antiserum-neutralization curves was performed as
described under Materials and methods. The amount of crude
extract taken for preparing the curves was chosen so that in
the sample without any antiserum a ThRS activity resulted
between 0.400 and 0.500 enzyme units; (0 —o —0) Shows

the neutralization curve for the ThRS of K12B; (A—A—A)
for the ThRS of Bor Res 2 and (x —x —x) for the ThRS of
Bor Res 3.

of the ThRS is also only altered for those ThRS’s
which exhibit a different Ky -value (table 1). Our con-
clusion that the mutants of group I are Borrelidin re-
sistant because of an increased level of their ThRS is
further supported by the determination of the V. -
value of their ThRS (table 1): their ¥, -value is
increased by a factor similar to the factor by which
their specific activity, determined with limiting
amounts of threonine, is increased. The V., -value
of the ThRS of group II, however, does not show any
correlation to the specific activity of the enzyme, as
is to be predicted for a structurally altered ThRS.

There was a third group of Borrelidin-resistant
mutants the ThRS of which behaved like the wildtype
enzyme in all parameters investigated (table 1).
Though we did not investigate these mutants further
we suggest that Borrelidin resistance in these mutants
is due to membrane alteration.

In group IV of the Borrelidin-resistant mutants
one mutant is placed with rather puzzling enzyme
constants: the specific activity of its ThRS is even
lowered by a factor of about eighteen, the Ky, -value
for threonine is increased by a factor of about thirteen,
though its ¥, -value is only slightly decreased and
the shape of the antiserum-neutralization curve is



Volume 39, number 2

Table 2
Growth of the E. coli strains, preparation of crude extracts
and determination of aspartokinase was performed as de-
scribed under Materials and methods.

FEBS LETTERS

E. coli K12 strain  Aspartokinase in cell-free extracts of
cells grown

Without Borrelidin In the presence of

Borrelidin

K12B 0.104 0.475
1

Bor Res 3 0.130 0.450
Bor Res § 0.180 0.420
Bor Res 9 0.093 0.143
Bor Res 10 0.145 0.480
Bor Res 15 0.148 0.267
11

Bor Res 2 0.095 0.125
Bor Res 4 0.102 0.220
Bor Res 6 0.060 0.130
Bor Res 7 0.090 0.110
111

Bor Res 1 0.120 0.170
Bor Res 11 0.070 0.140
Bor Res 12 0.068 0.146
Bor Res 13 0.095 0.290
Bor Res 14 0.095 0.093
v

Bor Res 8 0.101 0.110

In each experiment cells were grown exponentially for more

than three generations in the absence or presence of Borrelidin,

drastically altered. When adding all other nineteen
amino acids in a molarity of 5 X 10~4 to the ThRS
assay and determining its ThRS activity using

1 X 10—4 M threonine the ThRS activity was not
affected, demonstrating that the observed incorpora-
tion of cpm was totally due to incorporation of
threonine. Furthermore, it was ruled out that there
is an inhibitor for the ThRS in the crude extract of
Bor Res 8: when mixing crude extract of this mutant
with crude extract of the wildtype K12B one to one
before determining the ThRS activity, the resulting
enzyme activity is the sum of the activity of either
extract of all other fourteen Borrelidin-resistant mu-
tants, In no case could an inhibitor or activator of
ThRS be detected in any one of the extracts.
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In the wildstrain £. coli K12B a 5-fold derepres-
sion of threonine biosynthetic enzymes occurs during
growth limitation by Borrelidin and from these results
it was deduced that the ThRS participates in the re-
gulation of the formation of the threonine biosynthe-
tic enzymes [2]. For getting further information
about the regulation of the formation of threonine
biosynthetic enzymes the level of aspartokinase was
determined in the Borrelidin-resistant mutants of
E. coli K12 grown in the absence and presence of
Borrelidin (table 2). The Borrelidin concentration
in the growth medium was the one which leads to a
fifty percent growth inhibition in the wildstrain [2].
As expected, no reduction of growth rate was observed
with the Borrelidin-resistant mutants growing in the
presence of this Borrelidin concentration. Table 2
shows that during growth in the presence of Borreli-
din in some of the mutants the level of aspartokinase
is derepressed. No strict correlation between the pro-
perties of the ThRS in the mutants and the degree of
derepression of aspartokinase could be observed
(table 2). However, the highest aspartokinase levels
were found in mutants of group I. These results do
not allow a conclusion in which way the ThRS par-
ticipates in regulation of formation of the threonine
biosynthetic enzymes. They are still in agreement
with one of the following possibilities: the regulating
compound is charged threonyl-tRNA or some other
product of the enzymatic action of the ThRS, the
ThRS-threonyl-tRNA complex or the ThRS itself.

Fifteen Borrelidin-resistant mutants of E. coli B
were analyzed in the same way as described for the
mutants of E. coli K12B. Only mutants of group 11
(7 mutants) and of group III (8 mutants) were found.
This means none of the Borrelidin-resistant mutants
of E. coli B exhibits an increased level of wildtype
ThRS, though five of the fifteen Borrelidin resistant
of E. coli K12 did. It has to be investigated whether
this difference is due to different properties of E. coli
K12 and E. coli B as known for some of their bio-
chemical features [28, 29] . But as the mutants of
group II of E. coli K12B, the mutants of E. coli B
with structurally altered ThRS exhibit a lowered
K\ -value for threonine by a factor of three to fifteen.
Thus we are describing mutants of E. coli K12 and
E. coli B which exhibit an increased affinity for at
least one of their substrates. The structural altera-
tion of aminoacyl-tRNA-synthetases reported so far
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was such that they showed a lowered affinity for their
substrates (cf. [30]). This is probably due to the dif-
ferent selection conditions used so far, i.e. auxotrophy
or bradytrophy for an amino acid or temperature sen-
sitivity.

For elucidating the molecular devices regulating
the formation rate of ThRS we are now studying the
genetical alterations and biochemical responses under
various growth conditions in group I and group II of
our Borrelidin-resistant mutants.
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