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Abstract—The effect of stimulating factors on the activity of aminoacyl-tRNA synthetases from bean leaves and
Euglena gracilis cytoplasm and chloroplasts in the reaction of aminoacylation was investigated. Leucyl-tRNA
synthetase was chosen as a model system. Stimulating factors isolated from bean, lupin and maize seeds have different
effects on the activity of leucyl-tRNA synthetase. In all cases the stimulating factor from maize appeared to be active.
The stimulating factors I and II from bean in a homologous system stimulate only the cytoplasmic enzyme. The most
interesting systems were taken for further examination of the 32PP-ATP exchange reaction, where a weaker effect was

found.

INTRODUCTION

Available data prove the existence of significant differ-
ences between isospecific aminoacyl-tRNA synthetases
originating from cytoplasm and chloropiasts [1]. These
differences concern not only M,s, but also migration on
chromatographic columns, their reaction with specific
tRNAs, Michaelis constant values for respective sub-
strates, amino acid composition and immunological data
[2-5]. Taking into consideration the facts mentioned
above, it is possible to believe that there are some
structural differences between these enzymes.

Some time ago low M, factors stimulating the activity
of aminoacyl-tRNA synthetases [6], which occur com-
monly in plants [7] were described. The previous results
of the studies on the chemical nature of these compounds
isolated from lupin and maize seeds indicate that they
have the character of short peptides [8]. A similar effect
on these enzymes was found in yeast [9], Drosophila [10]
and mammals [11, 12], but it was caused by lipids [9, 11]
or proteins [10, 12]. The role of similar low M,, end-
ogenous compounds in the control of transcription and
translation [13] as well as in regulation of the activity of
RNA polymerase [14] was investigated.

It seemed interesting to compare the influence of
stimulating factors originating from various plant sources
on bean leaves and Euglena gracilis leucyl-tRNA syn-
thetases from cytoplasm and chloroplasts. Significant
differences have been revealed between aminoacyl-tRNA
synthetases in cytoplasm and those originating from cell
organelles [1-5, 15-17]. The stimulating factors isolated
from bean, maize and lupin seeds have been tested for
their effect on the kinetics of the aminoacylation and
amino acid activation reactions.

RESULTS AND DISCUSSION

The influence of stimulating factors from bean, maize
and lupin seeds on the kinetics of aminoacylation reac-

tion of bean leaves and Euglena gracilis leucyl-tRNA
synthetases from cytoplasm and chloroplasts has been
examined. Results for the cytoplasmic enzyme of bean
leaves are shown in Fig. 1A. Both stimulating factors
from bean seeds increase the activity of cytoplasmic
enzyme to the same extent (3.5 times) independently of the
fact that they differ from each other with respect to their
migration on a Sephadex G-25 column. The faster
migrating factor is marked as factor I, the one migrating
more slowly as factor I1. Similarly, the factor from lupin is
one of the two factors (the bigger one) isolated from lupin
seeds [7]. The factor from maize manifests significant
stimulating properties (the value of stimulation is over
twice), while in the case of the lupin factor there was a tiny
or even no stimulating effect on the enzyme activity. It is
unexpected because lupin is more closely related to bean
than corn is.

The influence of stimulating factors from these plant
sources on the leucyl-tRNA synthetase from bean leaves
chloroplasts is different (Fig. 1B). The factors from bean
exhibit a small or even no effect on the enzyme activity. It
might reflect the lack of such compounds in the chloro-
plasts or the existence of factors which are different from
those isolated from bean seeds. Maize stimulating factor
shows an important effect on the activity of the enzyme
from chloroplasts ( x 4) in comparison to its influence on
the cytoplasmic synthetase. Only the factor from lupin
seeds behaves in a similar way, as it does in the previous
case.

The influence of stimulators on the activity of leucyl-
tRNA synthetase of Euglena gracilis cytoplasm is shown
in Fig. 2A. In all cases a considerable increase in the
enzymatic activity has been found. Stimulating factor II
from bean, factors from maize and lupin all increase the
rate of the aminoacylation reaction ca 2.5-3 times. Factor
1 from bean differs from them in its effect, and it stimulates
this enzymatic activity four-fold. It is very interesting to
compare it with the leucyl-tRNA synthetase from the
cytoplasm of bean leaves, where both bean factors stimu-
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Fig. 1. Kinetics of the aminoacylation reaction leucyl-tRNA

synthetase from bean leaves cytoplasm (A) and chloroplasts

(B). ®——@ without factor in the assays; l-——W factor |

from bean in the assays; x —— x factor II from bean in the

assays; 4- —-A factor from maize in the assays; [J-—--[]
factor from lupin in the assays.

late the activity of the enzyme more or less to the same
extent. In contrast to its effect on the cytoplasmic bean
leaves synthetase, the lupin factor stimulates three-fold
activity of the enzyme from the cytoplasm of Euglena
gracilis. The kinetics of the aminoacylation reaction for
leucyl-tRNA synthetase from Euglena gracilis chloro-
plasts are shown in Fig. 2B. The lupin factor and both
bean factors stimulate the activity of this enzyme to a
small extent, just as in the case of leucyl-tRNA synthetase
of bean leaves chloroplasts. The effect of the factor from
maize seeds is in this experiment dramatically different
from all other cases presented in the paper. It is empha-
sized that, while a four-fold stimulation of the activity of
the chloroplastic enzyme from bean leaves appeared, in
the last case significant inhibition was found.

A two-step mechanism of the aminoacylation reaction
is generally proposed [18]. The first step, amino acid
activation, can be measured by the 3?PP-ATP exchange
reaction. The stimulating factor from maize seeds showed
a different influence on the aminoacylation reaction of
chloroplastic enzymes isolated from bean leaves and
Euglena gracilis. Influence of this effector on the *2PP;-
ATP exchange reaction was also investigated. Results are

M. RADLOWSK] and S. BARTKOWIAK

S
g
[=9
134
2r B
| ]
/"
-/
2
e 1
5
i,
0.5 1.0 1.5 20
Time (min)

Fig. 2. Kinetics of the aminoacylation reaction leucyl-tRNA

synthetase from Euglena gracilis cytoplasm (A) and chloroplasts

(B). ®—— @ without factor in the assays; B---— B factor | from

bean in the assays; x -——--x factor I from bean in the assays;

A~— A factor from maize in the assays; {1 [ factor from
lupin in the assays.

shown in Fig. 3A and 3B. There is no inhibition in the
case of the chloroplastic enzyme from E. gracilis. The
activity of the bean leaf chloroplastic enzyme is stimu-
lated in the presence of the maize factor, but not as much
as in the case of the amino-acylation reaction. The 32PP;-
ATP exchange reaction was performed in the presence of
tRNA. tRNA plays a role in the stabilization of the
ternary complex enzyme:tRNA :stimulating factor [19].
However, the lack of inhibition of the activity for the
enzyme from Euglena gracilis and the smaller stimulation
for the bean leaf enzyme leads to the conclusion that the
main influence of the stimulating factor is on the amino-
acylation reaction.

Interpretation of the data was possible thanks to the
use of the purified homogeneous preparations of leucyl-
tRNA synthetases [3, 20-227]. Due to this fact there was
no danger of contamination of the cytoplasmic enzyme
by a chloroplastic one and vice versa, which could
essentially alter the results. The stimulating properties of
the bean factors on the cytoplasmic enzymes and the lack
of such an effect on the enzymes originating from chloro-
plasts in a homologous system is especially interesting.
The inhibition of aminoacyl-tRNA synthetases activities
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Fig. 3. Kinetics of the 3?PP-ATP exchange reaction chloro-

plastic leucyl-tRNA synthetase from bean leaves (A) and Euglena

gracilis (B). ®——@ without factor in the assays; x ——x
factor from maize in the assays.

by a stimulating factor was already described [6], but it
involved enzymes from yeast and E. coli. Thus, properties
of the chloroplastic synthetase from Euglena gracilis are
similar to those of synthetases of bacterial and yeast
origin [15], but this is not the case for the bean leaf
chloroplastic enzymes.

The studies did not cover enzymes originating from
mitochondria, which differ from cytoplasmic and chloro-
plastic synthetases [S, 15-17]. It is, therefore unknown
whether the studied compounds have an influence on the
activity of mitochondrial enzymes.

EXPERIMENTAL

Reagents. L-[°H] Leucine (40 Ci/mmol) and L-[U!*C] leu-
cine (300 mCi/mmol) were purchased from the Commissariat a
I'Energie Atomique (Saclay); Na*?PP; was purchased from
Amersham; ATP was from Sigma; E. coli and yeast tRNA were
from Schwarz/Mann and Boehringer respectively.

Enzymes. Cytoplasmic and chloroplastic leucyl-tRNA syn-
thetases from bean leaves and Euglena gracilis, purified as
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described [3, 20-22] respectively, were a gift from Prof. J. H.
Weil’s laboratory (IBMC, Strasbourg).

Factors. The stimulating factors were isolated as described
previously [6].

Assays. The assays of aminoacylation reaction were per-
formed as refs [3, 20-22] respectively; the assays of 32PP-ATP
exchange reaction were performed as ref. [23]. The amounts of
the factors in the assays were determined in a preliminary
experiment.
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