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Two arginyl-transfer ribonucleic acid (tRNA) synthetase (EC 6.1.1.13,
arginine: ribonucleic acid ligase adenosine monophosphate) activities were
found in extracts of Escherichia coli strains AB1132 and NP2. The two
arginyl-tRNA synthetase activities in extracts of strain AB1 132 were found to be
separable by diethylaminoethyl-cellulose column chromatography, Sephadex
column fractionation, and by sucrose density gradient centrifugation. In
addition, in the standard assay using extracts of strain AB1132 there were two
pH optima for arginyl-tRNA synthetase activity. Furthermore, when arginyl-
tRNA synthetase of strain NP2 was fractionated by hydroxylapatite column
chromatography, two activities were observed which were similar to those of
strain AB1132.

A number of aminoactyl-transfer ribonucleic
acid (tRNA) synthetases have been extensively
purified, and analyses of subunit structure
have been performed. The evidence clearly
indicates that several of these enzymes are
composed of single polypeptide chains, whereas
others have oligomeric structures composed of
identical or nonidentical subunits (2, 6, 8, 10,
16, 18). The arginyl-tRNA synthetase has been
purified to homogeneity as a single protein unit
(7), and the genetic data suggest that there is
only one structural gene for arginyl-tRNA syn-
thetase (5). However, two active forms have
been reported for leucyl- (17) and lysyl-tRNA
synthetases (9).

In this communication, we present data for
the existence of two arginyl-tRNA synthetase
activities.

MATERIALS AND METHODS
The Escherichia coli strain AB1132, a threonine,

leucine, methionine, proline, and histidine auxo-
troph, was obtained from E. A. Adelberg. Strain NP2
is a valine-sensitive K-12 prototroph maintained in
our laboratory. The cells were grown in L broth (12),
with aeration on a rotary-action shaker at 37 C.
Growth was measured by optical density in a Hitachi
Perkin-Elmer model 101 spectrophotometer at 420
nm (light path equals 1 cm).

Cells were harvested during the mid-exponential
phase of growth, rapidly chilled, and collected by
centrifugation. The resulting pellet was resuspended

in potassium phosphate buffer (4), and the cells were
subjected to sonic treatment with a Branson sonifier
as described by Chrispeels et al. (4). The protein
content of the extracts was determined by the
method of Lowry et al. (13).

Arginyl-tRNA synthetase activity was determined
by the "4C-labeled amino acid attachment assay as
described by Chrispeels et al. (4), with the exception
that incubation was for 5 min. The RNA was from E.
coli K-12 (General Biochemicals), and the radioac-
tivity determinations were made with a Packard
liquid scintillation spectrometer. For the pH optima
study, the activity was determined as in the standard
attachment assay, except that pH of the buffers used
was as indicated in the experiment. For the activity
determinations, with buffers with a pH above 7.0,
potassium phosphate or tris(hydroxymethyl)amino-
methane (Tris)-hydrochloride buffers were used; for
the low pH value, Tris-acid maleate buffers were em-
ployed. Minus-adenosine triphosphate blanks were
determined for each reaction mixture in each ex-
periment.
The diethylaminoethyl (DEAE)-cellulose column

(5 by 40 cm) was packed and equilibrated with 10 mM
potassium phosphate buffer, pH 7.0, 1 mm mag-
nesium chloride, 20% glycerol, 20 mm monotL :o-
glycerol, 0.5% sucrose, and 60 gM L-arginine. The
column was washed with 1 vol of the initial buffer
(above), the extract was applied (40 to 90 mg), and
the elution was run with a phosphate gradient (10 to
100 mM, pH 7.0). Twelve-milliliter fractions (flow
rate of 48 ml/hr) were collected. The Sephadex
G-50-80 column (5 by 40 cm) was packed and
equilibrated with the initial phosphate buffer de-

891



YEM AND WILLIAMS

scribed above. All other column procedures were as

described for the DEAE-cellulose column. Hydrox-
ylapatite (Bio-Rad) was packed in a column (2.4 by
18 cm) and all other column procedures were as

described for DEAE-cellulose, except that gradient
was 10 to 300 mm phosphate. For the sucrose-density
gradient centrifugation, use was made of a 5 to 20%
sucrose gradient containing 10 mm potassium phos-
phate buffer, pH 7.0, 1 mm magnesium chloride, 20
mM monothioglycerol, and 60 gM I,arginine. The

centrifugation was performed in a Spinco SW50.1
rotor using a Spinco-Beckman model L4 ultracentri-
fuge for 18 hr at 38,000 rpm. The fractions (equal
volume) were collected with a ISCO density frac-
tionator.

RESULTS AND DISCUSSION
The results in Fig. 1A show the fractionation

of arginyl-tRNA synthetase activity from the
DEAE-cellulose column. The fractions invari-
antly rechromatographed at the same or simi-
lar positions as separate activities. Figure 1B
shows the two activities obtained upon fraction-
ation by Sephadex G50-80 chromatography.
In both instances, it is quite clear that these
fractionations resulted in two activities for
arginyl-tRNA synthetase of strain AB1132.
Since the slow migrating peak possessed the
major activity in both studies, we then cen-
trifuged the extract in a sucrose density gradi-
ent containing the same phosphate buffer at
pH 7.0. The results of this experiment are

shown in Fig. 2. Again, the major activity peak
has the greatest apparent molecular weight.
The possibility was considered that these re-
sults were somehow influenced by the strain
(AB1132) from which the extracts were pre-
pared. These considerations included the pos-
sibility that strain AB1132 harbored a phage
carrying arginyl-tRNA synthetase, especially in
view of the large number of mutations which
had been introduced into this strain and the
observation by Neidhardt and co-workers (15)
that T-4 phage was capable of effecting a
modification of valyl-tRNA synthetase. There-
fore, we examined arginyl-tRNA synthetase
activity of another E. coli strain (NP2), a
valine-sensitive K-12 prototroph, which was

fractionated using a hydroxylapatite column.
The results of this experiment shown in Fig. 3
indicate the presence of two activities for this
enzyme in extracts of NP2, as revealed by
hydroxylapatite fractionation. For a given ac-

tivity of both strains, there was similar inhibi-
tion of arginine acylation by canavanine, an

arginine analog, which suggests that the activ-
ity obtained by different procedures was equiv-
alent. Similar profiles have been obtained by
this column procedure for arginyl-tRNA syn-
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FIG. 1. (A) DEAE-cellulose column chromatog-
raphy of a crude extract of strain AB1132. A crude
extract of strain AB1132 was prepared as described
in Materials and Methods. The crude extract was

loaded onto the DEAE-cellulose column (5 by 40 cm),
which was equilibrated with 10 mm potassium phos-
phate buffer (composition described in Materials and
Methods). Elution was with a linear gradient using an
equal volume of 10 and of 100 mm potassium phos-
phate buffers. Twelve fractions were collected, and
arginyl-tRNA synthetase activity was determined as
described in Materials and Methods. (B) Sephadex
G-50-80 column fractionation of a crude extract of
strain AB1132. A crude extract of strain AB1132 was

prepared as described in Materials and Methods.
The crude extract was loaded onto the Sephadex col-
umn (5 by 40 cm), which was equilibrated and eluted
as described for A. The fractions were collected, and
arginyl-tRNA synthetase activity was determined as

described in Materials and Methods.

thetase from the two other E. coli strains
(HP18 and HP 4; unpublished results). To
approach the question of the physiological
basis of these activities, we prepared an extract
from AB1132 and determined arginyl-tRNA
synthetase activity over a pH range of 5.5 to
9.0. Similar results were obtained using the
separate fractions from the DEAE-cellulose
column fractionation. These results (Fig. 4) are
again consistent with the existence of two
separate activities in strain AB1132.

In the present study, observations are re-
ported suggesting the existence of two activities
for arginyl-tRNA synthetase. The two activi-
ties are separable by DEAE-cellulose chroma-
tography, Sephadex fractionation, sucrose den-
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sity gradient centrifugation, and by hydrox-
ylapatite chromatography. The results ob-
tained with NP2 and other strains of E. coli
suggest that this observation is not a unique
property of strain AB1132. However, there was
a shift in the major and minor activities of this
strain as compared to strain AB1132. Interest-
ingly, the activity reported in this report with a

pH optimum of 8.0 appears identical to the
activity purified by Hirschfield and Bloemers
(7), in which they reported a loss of about 75%
of the total activity units after ammonium
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FIG. 2. Sucrose density gradient
a crude extract of strain AB1132. T
of AB1132 was applied onto a gradi
sucrose, which also contained 10 mM
phate buffer, pH 7.0, 1 mM magi
20 mM thioglycerol, and 6 x 107 M
tubes were centrifuged for 18 hr at
Beckman ultracentrifuge using a SM
tions of 4 drops each were collect
tRNA synthetase activity was del
scribed in Materials and Methods. a
was from the bottom of the tube.
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FIG. 3. Hydroxylapatite column ch
a crude extract of strain NP2. A
strain NP2 was prepared as descril
and Methods. The crude extract u

the hydroxylapatite column which I
with 10 mM potassium phosphate bu,
with a linear gradient using equal vo
of 300 mm potassium phosphate i
milliliter fractions were collected, ar
synthetase activity was determined
Materials and Methods.
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FIG. 4. Arginyl-tRNA synthetase activities of a
crude extract of strain AB1132 assayed at different
pH values. Arginyl-tRNA synthetase activity was de-
termined as described in Materials and Methods.
The assays were performed using phosphate or Tris-
hydrochloride buffers, or both, for the high pH value
and Tris-acid maleate buffer for the low pH value.
All other procedures were as in the standard attach-
ment assay.

sulfate fractionation. The present genetic evi-
dence does not support the existence of two

60 entirely different enzymes, in that only one

cenRifugation of
position for the arginyl-tRNA synthetase struc-

centrifugation ot tural gene on the E. coli chromosome has been
nhe crude extract reported (5).

potassium phos- However, there is only one known structural

nesium chloride, gene for the leucyl- (1) and lysyl-tRNA synthe-
L-arginine. Me tases, yet Rouget and Chapeville (17) have
38,000 rpm in a reported two forms of the leucyl-tRNA synthe-
V50.1 rotor. Frac- tase and Kisselev and Baturina (9) have re-
'ed, and arginyl- ported two enzymatically active forms of lysyl-
termined as de- tRNA synthetase. Furthermore, the active pro-

Me fractionation lyl-tRNA synthetase is a dimer (11), phenylala-

nyl-tRNA synthetase is composed of subunits
(3), and glycyl-tRNA synthetase is a tetramer
(16). For the arginyl-tRNA synthetase activi-
ties described in this report, it seems prema-
ture to make a prediction of the possibility of
an active subunit and multi-subunit enzyme.
In addition, the physiological significance of
these results is not immediately apparent. At
present two main considerations are being
made. (i) One of the activities may represent
arginyl-tRNA synthetase complexed with argi-

60 80 nyl-tRNA, or ribosomal binding components,
thereby accounting for the column fractiona-

Lromatography of tion and sucrose density gradient results. (ii)
crude extract of Arginyl-tRNA synthetase is activated by
bed in Materials tRNA Arg, a process obligatory for the activation
vas loaded onto step (14); thus, the enzyme could exist in two

was equilibrated states in vivo, and these states could be related
ffer. Elution was to its ability to perform a strictly catalytic as

buffers T1welve- compared to regulatory role (i.e., control of
bd arginyl-tRNA arginine biosynthesis by generating the effector
as described in for the repression signal). The latter considera-

tion is the hypothesis for more detailed studies
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of the existence and possible significance of
these activities.
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