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Monospecific polyclonal antibodies (pAbs) against highly purified bovine seryl-tRNA synthetase (SerRS, EC 6.1.1.1) were prepared and their 
specificity tested. The interactions of pAbs with SerRS from different organisms were investigated by protein immunoblotting and ELISA methods. 
pAbs inhibit eukaryotic SerRS aminoacylating activity and exert no effect on SerRS activity from prokaryotes. It is proposed that prokaryotic 

and eukaryotic SerRS evolve from different ancestor genes. 

Seryl-tRNA synthetase: Monospecific polyclonal antibody: Immunochemical cross-reaction 

I. INTRODUCTION 

Aminoacyl-tRNA synthetases play a key role in pro- 
tein synthesis by catalysing the highly specific formation 
of  aminoacyl-tRNA [I]. A great success in studying 
structural and functional properties of  prokaryotic ami- 
noacyl-tRNA synthetases has been achieved; however, 
eukaryotic enzymes of this group were studied insuffi- 
ciently. They are characterized by a more complicated 
molecular organization; the new domains in the struc- 
ture ofeukaryotic aminoacyl-tRNA synthetases are elu- 
cidated by comparison with the prokaryotic enzymes 
[2]; some of the eukaryotic aminoacyl-tRNA syntheta- 
sos form high molecular weight multienzyme complexes 
[3]. 

The investigation of eukaryotic aminoacyl-tRNA 
synthetases is complicated by low levels of these en- 
zymes in cells and tissues and by the imperfectness of 
existing methods of their purification. 

Recently, we have developped a convenient method 
for purification of SerRS from mammalian liver [3]. 
This method provides sufficient amounts  of the enzyme 
needed to prepare the pAbs and to further investigate 
its properties. 

SerRS from bovine liver is composed of two identical 
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subunits, each with molecular mass of  64 kDa [4] and 
presenting a structural dimer of  the ~., type. 

Recent evidence indicates that pAbs make it possible 
to effectively combine molecular and cellular studies of 
the same proteins. The most characterized mammalian 
aminoacyl-tRNA synthetase by immunochemical met- 
hods is the tryptophanyl-tRNA synthetase from beef 
pancreas [5-7]. 

The present work is concerned with the use of  pAbs 
against SerRS from bovine liver for the investigation of  
immuno-chemical cross-reactivity between SerRS from 
different eukaryotic and prokaryotic organisms. 

2. MATERIALS A N D  METHODS 
2. I. Materials 

Bovine and rabbit livers were used fresh or frozen at -70°C. Tissue 
extracts were obtained by homogenization in 50 mM Tris-HCl buffer. 
pH 7.5. containing 5 mM MgCI., 1 mM 2-mercaptoethanol and 2.5 
mM PMSF. The lwmogenate was spun at 30 000 × g lbr 1 h, 

2.2. Purification of SerRS 
ScrRS from bovine liver was purified to at least 95% purity as 

described [4]. The enzyme activity was assayed in the reaction of 
tRNA ~'' aminoacylation, SerRS from rabbit liver was purified by the 
same method [3]. 

2.3. Preparation of mono.~Tec([ic polychmal antibodies 
Rabbits of 2--3 kg weight were immunized with 25-50 nag of highly 

purified native bovine SerRS in comptcte Freund's adjuvant (Flow 
Lab). This immunization was repeated after 8-10 weeks in uncomplete 
Freund's adjuvant. After 24 days rabbits were boosted by injection of 
100 mg of enzyme without the adjuvant in buffer containing 5 mM 
sodium phosphate and 0.15 M NaC1. pH 7.5 (PBS). Seven days after 
the last immunization, the blood from rabbits was collected, the serum 
was tested for content of antibodies against SerRS using ELISA 
method, lnamunoglobulins were isolated from the serum by precipita- 
tion with sodium sulphate (up to a tinal concentration 1.2 M), Mono- 
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specific antibodies were obtained by chromatography on affinity co- 
lumns prepared by coupling the highly purified $erRS to the CNBr- 
activated Sepharose 4B (Pharmacia Fine Chemicals), as described [8]. 
Affinity columns with immobilized BSA or immunoglobulins cf non- 
immune rabbits were prepared analogously. 

The concentration of pAbs was assayed speetrophotometrically 
using the extinction coefficient at 280 nm E = 1,35 em 4.mg4.ml and 
M~ | 50 000. 

2.4. En-vme-lhtked #nmunosorbent assay ( ELISA ) 
In the ELISA reaction, bovine SerRS or other purified synthetases 

(10 mg/ml in 0.1 ml PBS. pH 7.5) were adsorbed to the wells of a 
96-well plate (Flow Lab) either at 4°C overnight or at 37°C for 2-3 
b. The remaining adsorption sites were blocked with PBS, containing 
0.1% Tween-20 (PBS-T) and 0.5% BSA (Sigma) and various amounts 
of antibodies were added in 0. I ml PBS-T to the wells; incubation with 
antibodies for I h at 20°C. All further procedures were carried out at 
20°C. Then, wells were washed with PBS-T and biotinylated antibod- 
ies of  goat against whole molecules of rabbit lgG (DiaGene, Moscow) 
were added to the wells and incubated for I h. The wells were washed 
with PBS-T and then peroxidase-eonjugated avidin was added to the 
wells and incubated for 20 rain. After washing with PBS-T the reaction 
product was visualized by adding ABTS (0.5 mg/ml, Sigma) in 50 mM 
citrate buffer, pH 7.5 and 0.05% H,O,. The reaction was stopped by 
adding 0.05 ml citrate buffer containing 0.3% NaN3 and the result of 
reaction was assayed quantitatively on Multiscan. 

2.5. Protein #~mnotoblotting 
The E. coli, yeast and human erythtoblastoma K-562 cells were lyzed 

in RIPA buffer (20 mM Tris-HCI, pH 7.5, 0.15 M NaCI, I mM EDTA. 
1% Nonidet P-40, 1% sodium deoxycholate and 0.1% SDS). The 
30 000 × g supernatant proteins of cell and tissue extracts were separa- 
ted by 7-22% gradient SDS-PAGE [9] (9 x 12 cm plates, I mm gel 
thickness), then transferred to membrane filters BA.85 (Schleicher and 
Schull) under the pressure. One of  two filters was washed with PBS-T 
and incubated with pAbs (I0 mg/ml) in PBS-T for I h. After washing 
with PBS-T the filter was incubated with biotinylated goat antibodies 
against the whole molecule of rabbit lgG for I h, was washed five times 
with PBS-T and then incubated with peroxidase-conjugated avidine 
for 20 rain, After washing the filter was developped with 4-chloro-l- 
naphtol (0.5 mg/ml) and H,O, (0.05%) in 50 mM Tris-HCI buffer, pH 
7.5. The second filter was stained with 1% Amidoblack. 
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Fig. 1. The effect of preincubation of bovine SerRS with immobilized 
pAbs on the supernatant aminoaeylation activity, p'Abs (i), BSA (2) 
and the IgG fraction of  non-immunized rabbits (3) were immobilized 
on BrCN-activated agarose. The indicated amoums of 2% matrix 
suspension were incubated at 4°C for 1 h with I mg SerRS dissolved 
in PBS; the matrices were removed by centrifugation. To assay the 

enzyme activity 0.05 rill supernatant was used. 

The properties of  pAbs mentioned above open the 
way to use them for the evaluation of the possible exi- 
stence of structural and evolutional similarity or diver- 
sity of  SerRS molecules from different organisms. Fig. 
3 illustrates the interaction of pAbs with the SerRS from 
different organisms by protein immunoblots. It can be 
seen that only enzymes from eukaryotes (tracks 1, 2 and 
6) cross-react with antibodies against bovine SerRS. It 
has an electrophoretic mobility similar to the bovine 
SerRS subunit (Fig. 3, track 2). It seems reasonable to 
assume that the single immunoreaetive protein band 
revealed in various mammalian extracts represents the 
SerRS subunits of  molecular mass close to 64 kDa. 

3. RESULTS AND DISCUSSION 

The results presented in Fig. I prove that the pAbs 
obtained are highly specific for SerRS: after the incuba- 
tion of  SerRS solution with pAbs coupled to CNBr- 
activated Sepharose 4B (Fig. 1, curve I) the supernatant 
loses the ability to catalyze aminoacylation of tRNA s~r. 
The incubation ot SerRS with matrix coupled with the 
immunoglobulins of non-immune rabbits or with BSA 
hardly affects the SerRS acylating activity of super- 
natant (Fig. 1, curves 2 and 3). 

One can see that pAbs inhibit the SerRS acylating 
activity (Fig. 2, curve 1), whereas the immunoglobulins 
of non-immune rabbits (Fig. 2, curve 2) or monoclonal 
antibody Am2 which strongly inhibit acylating activity 
of bovine tryptophanyl-tRNA synthetase [5] (Fig. 2, 
curve 3) do not inactivate SerRS. Incomplete inhibition 
of SerRS activity by pAbs has not been further analy- 
zed. In principle, it could be caused by the presence in 
the pool of pAbs not only to enzyme-inhibiting molecu- 
les but also to stabilizing and activating molecules. 

~OO ~ Q  ~ ~ 2 

\ 

o 0'5 ..... ?o ' - 
pAbs (ph4J 

Fig. 2. The dependence of bovine ScrRS activity on the pAbs concen- 
tration. The reaction mixture (0,1 ml) contained pAbs (1) or monoclo- 
nal antibody Am2 agai,~st bovine tryptophanyl-tRNA synthetase (3) 
or lgG fraction of  non-immune rabbits (2), The reaction was initiated 
by adding the enzyme. 2 nM of SorRS was incubated at 37°C for 3 

rain. 
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Fig. 3. Immunoreactivity of pAbs with Ser-tRNA synthetases from 
different eukaryotic and prokaryotie organisms. (A) Enzyme-linked 
immunological staining; (B) staining with Amidoblack. Immunoblot 
analysis of supernatants (0. I-4).2 rag) after centrifugation of cell lyza. 
tes at 30 000 × g: human erythroblastoma K-562 cells (lane 1), yeast 
(lane 6), E. coil (lane 7) and highly purified enzymes: bovine SerRS 
(lane 2), rabbit SerRS (lane 3), SerRS from Thermus thermophih~s (lane 
4), bovine TyrRS (lane 5). Lane 8. BSA; lane 9, markers. The positions 

o f  the SerRS subunit are indicated by arrows. 
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Fig. 4. lmmunoreactivity of pAbs with aminoacyl-tRNA synthetases 
from different organisms; a, interaction of antibodies with purified 
enzymes; b, interaction of antibodies with cell lyzates: bovine 8erRS 
(!), rabbit SerRS (2), bovine tyrosyl-tRNA synthetase (3), bovine 
tryptophanyl-tRNA synthetase (4). SerRS from Thermus thermophihts 

(5), lyzates of human K-562 cells (6), yeast (7) and E. coli (8). 

of a working hypothesis about the evolution o f  the ami- 
noacyl-tRNA synthetases of  various amino acid specifi- 
cities which may proceed by different ways. For the 
further development of  this working hypothesis, detai- 
led structural and functional investigations of  seryl- 
tRNA synthetases from different organisms are neces- 
sary applying a panel of  monoclonal antibodies against 
eukaryotic SerRS. At present, the work on obtaining 
hybridomata against SerRS from bovine liver is ini- 
tiated at our laboratory• 

Acknowledgements: The authors are thankful to Prof. G.Kh. Matsuka 
for  support. We are also thankful to Prof. L.L. Kisselev f o r  s u p p o r t  

o f  this work and discussions of the results obtained. 

A band with Mr 47 kDa for yeast (Fig. 3, track 6) may 
be the product of  endogenous proteolysis: some bands 
with a molecular mass lower than 25 kDa can serve in 
favour of  this supposition. The same difficulties in the 
investigation of  tryptophanyl-tRNA synthetase in cell 
lyzates of  Neurospora crassa and Drosophila were noted 
earlier [7]. 

pAbs against bovine SerRS do not interact with pro- 
karyotic SerRS. These are confirmed by the ELISA 
reaction for the immunological titration of  pAbs ob- 
tained on different prokaryotic and eukaryotic anti- 
genes (Fig. 4). Recently, the evaluation of  a common 
antigenic determinant in eukaryotic, prokaryotic and 
archaebacterial tryptophanyl-tRNA synthetases was 
dcscr;bed, iudicating that a common ancestor enzyme 
was presumably present in the organisms mentioned 
above [5]. 

These data and our results allow for the expression 
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