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Aminoacyl-tRNA synthetases {ARSs), which catalyze two success ive  react ions - the activation of amino 
acids and their  t r ans fe r  to t ranspor t  ribonucleic acids (tRNA) - fulfill an important  role in the complex 
p rocess  of the biosynthesis  of protein in the cell [1, 2]. 

At the present  time, lysyl- ,  phenylalanyl- ,  and aspartyl- tRNA synthetases have been isolated f rom 
various organisms [3-9, 10-17, 18-22], purified to various degrees,  and charac te r ized .  

In our paper we give experimental  resul ts  on the isolation, purification, and study of some physico-  
chemical  proper t ies  of the lysyl- ,  phenylalanyl-,  and aspartyl- tRNA synthetases f rom the 12-day mycel ium 
of a highly virulent form of the fungus Vert ic i l ium dahliae. The results  of the purification of the ARSs in- 
ves t igated 'are  given in Table 1. 

The preparat ions  obtained were homogeneous on e lec t rophores is  in 7.5% polyacrylamide gel at pH 
8.6 according to Davis [23] and on gel fi l tration in Sephadex G-200. 

The molecular  weights of the substances that we isolated were 98,000, 205,000, and 108,000, respec-  
tively, for  the lysyl - ,  phenylalanyl-,  and aspartyl- tRNA synthetases.  

The amino-acid composit ion of the enzymes isolated {Table 2) is charac te r ized  by a predominance 
of aspart ic  and glutamic acids, glycine, and alanine. Some increase in the amounts of glycine and alanine 
is general ly charac te r i s t ic  for  the enzymes of the fungus V. dahliae. 

The resul ts  of an investigation of the influence of the pH of the medium on the activity and stability 
of the ARSs has shown that the optimum activity of all the enzymes studied is found at pH 7.5 and falls 
sharply at higher and lower pH values of the medium. In o rde r  to determine whether the fall inact ivi ty 
of the enzymes outside the zone of the optimum is the resul t  of revers ible  or  i r revers ib le  inactivation, the 
enzymes were f i rs t  incubated for 30 min at 37°C at various pHs of the medium (without substrate) :  5.0, 
9.0, 9.5, and 10.0 in 0.05 M tris-HC1 buffer and their  activities were then determined. It was found that 
the reduction of the activity of the enzymes  previously incubated at pH 5.0 was very small - about 10-13~0 - 
while at pH 9.0 it was higher - about 90~. 

The activity of the enzymes previously incubated at pH 9.5 was res tored  differently in the different 
ARSs. Thus, in the case of the lysyl-  and aspartyl~tRNA synthetases,  the activity was 55-60~ restored,  
while for the case of the phenylalanyl-tRNA synthetase it was only 40-50~0 res tored.  

Thus, it has been found that the fall of the activity in an acid medium is accompanied by i r revers ib le  
inactivation while in an alkaline medium this p rocess  is revers ible  to some degree.  

In a study of the influence of the temperature  on the activity of the ARSs it was established that the 
optimum temperature  of enzymatic activation is 37°C; lowering it or  rais ing it decreases  the ARSs activity. 

All the ARSs studied are heat-labile and are completely inactivated at 60°C for 1-3 min. 

The Michaelis constants (K M) of the enzymes isolated for  ATP, a [14C] amino acid, for tRNA, and 
Mg 4+ ions are ,  respect ively:  2.9 • 10 -3 M; 0.31 • 10 -s M; 0.75 • 10 -~ M; 3.3 • 10 -3 M for  lysyl-tRNA synthetase; 
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• T A B L E  I .  
V e r t i c i l i u m  d a h l i a e  I n v e s t i g a t e d  

Fraction 

R e s u l t s  of the  P u r i f i c a t i o n  of the  ARSs of the Fungus  

Activit), Yield of 
e n z ~ e .  O/o 

total spe.cific 0P the ini- 
tial activity 

Degree of Ezs0/Ezso 
purification ratio 

Crude extract 
(NH4)sSO4 
DEAF- -cellulose 
Hydroxylapatite-72 

Pro- ! 
rein, 
nag 

Crude extract 
( NH4)~SO4 
DEAE-cellulose 
Hydroxylapatite-~2 

,) 

O "7 

Lysyl-tRNA synthetase 

6500 1,3 I00 
4620 3.08 71.8 
877 25.08 13.5 
788 394 12,I 

Phenylalanyl-tRNA synthetase 

2950 0,59 100 
1950 1.5 66, 1 
951 19,4 32,3 
510 232 17,3 

Aspartyl-tRNA synthet~e 

8000 1,6 I00 
5560 3~,52 69,50 
1020 12,75 
883 353 11,37 

I 
2.25 

19,3 
303 

1 
2,54 

32,88 
393 

1 
2.83 

18,75 
221 

Crude extract I 5000 
(NH4)2804 !12.30 
DEAE-cellulose 34 
Hydroxylapatite-72 2,5 

0,75 
0 ,~  
1,15 
1,50 

0,75 
0,90 
1,15 
1,48 

0,75 
0.95 
1,15 
1,50 

T A B L E  2. A m i n o - A c i d  C o m p o s i t i o n s  of Some ARSs  of  the  Fungus  
V e r t i c i l i u m  d a h l i a e ,  mo le -% 

Amino acid Lysyl- Phenylalanyl- Aspartyl- 
tRNA synthetase tRNA ~]nthemse tRNA synthetase 

~is ine tidine 
Arginine 
Aspartic acid 
Tl~eonine 
Serine 
G1utamic acid 
Proline 
G1ycine 
Alanine 
Valine 
Methionine 
Isoleucine 
Leucine 
Tyrosine 
Phenylalanine 

8,07±0, I0 
1,84±0,20 
4.29±0,5O 

II .74±0.36 
5,43:~0,15 
6,12±0.22 

13,67±0,55 
5,19±0,45 
9,91 ±0.60 

II .76±0.45 
6, I0±0,23 
0,72±0.20 
2,75±0,30 
7.45±0,15 
1,94±0,26 
2,95±0,13 

7,88+0,II 
2.02_+0,43 
3.88±0,50 

II ,73±0,58 
5,93±0.05 
6,94±0,17 

12,69~:0,27 
5.37±0.60 

I0,35+0,20 
I1,44~0,09 
6,76±0,02 
0,51~0,10 
2,75±0.24 
7.80±0,96 
1.06+0,6o 
2,89±0,14 

6,77++.0,55 
1,82_+0,08 
4,2O±0,02 

13,07±0,26 
5,81±0,52 
6,44±0,15 

12,09±0,03 
4,98±0,6l  
9,61±0,34 

t2,00i-0,00 
5,01±0,23 
0,65±0,05 
2,96±0,07 
8,94±0,09 
2,43±0,13 
3,31 ±0,0'2 

3 • 10 -3 M; 1.1 • 10 -5 M; 0.95 • 10 -6 M; 2.6 • 10 -2 M fo r  p h e n y l a l a n y l - t R N A  s y n t h e t a s e ;  and 3.1 • 10 -3 M; 2.5 • 10 -s  M; 
0.90 "10 -6 M; 1.9" 10 -2 fo r  a s p a r t y l - t R N A  s y n t h e t a s e ,  and the v a l u e s  of  V m a x  ( m # m o l e / m l / m i n )  w e r e  40, 
57, 50, and 42 f o r  l y s y l - t R N A  s y n t h e t a s e ;  36, 44, 33, and 45 f o r  p h e n y l a l a n y l - t R N A  s y n t h e t a s e ;  and 50, 66, 
50, and 50 f o r  a s p a r t y l - t R N A  s y n t h e t a s e .  

The o b s e r v e d  d i f f e r e n c e s  in the  va lue  of  K M for  e a c h  s u b s t r a t e  to s o m e  e x t e n t  c o n f i r m s  the a s s u m p -  
t ion  of the e x i s t e n c e  in the ARSs of d i f f e r en t  ac t ive  c e n t e r s  f o r  e a c h  s u b s t r a t e  [24]. F r o m  the d i f f e r e n c e  
in the va lue s  of K M i t  i s  p o s s i b l e  to  judge tha t  ATD and Mg ++ ions  have the l e a s t  a f f in i ty  fo r  the  e n z y m e ,  
and a m i n o  a c i d s  and tRNA the  g r e a t e s t ,  which  i s  c h a r a c t e r i s t i c  f o r  the ARSs .  Th is  i n d i r e c t l y  c o n f i r m s  
the h y p o t h e s i s  of the  s e q u e n c e  of the a m i n o a c y l a t i o n  r e a c t i o n  of tRNAs c a t a l y z e d  by ARSs .  

The v a l u e s  of  V m a  x of the  ARSs s t u d i e d  a r e  s i m i l a r  f o r  a l l  s u b s t r a t e s ;  c o n s e q u e n t l y ,  the a m i n o -  
a c y l a t i o n  r e a c t i o n  t a k e s  p l a c e  i ndependen t l y  of the o r d e r  of add i t i on  of the s u b s t r a t e s  to the i ncuba t ion  
m i x t u r e .  

E X P E R I M E N T A L  

Growth  of  the F u n ~ s .  The fungus  w a s  g r o w n  at  28°C for  12 days  in a p e p t o n e - s a l t  m e d i u m  (pH 7.5) 
of the fo l lowing  c o m p o s i t i o n :  (in g r a m s  p e r  l i t e r ) ;  pep tone  - 30; KC1 -- 0.5; MgSO 4 - 0.5; NH4NO 3 - 2.0; 
a m m o n i u m  s u c c i n a t e  -- 2.0; KH2PO 4 -- 1.01 FeSO 4 -- 0.11 ZnSO 4 - 0.1; s t r e p t o c i d  a l b u m  [ s u l f a n i l a m i d e ]  s o l u -  
b le  0.1. 

I s o l a t i o n  of the tRNAs .  The c e l l s  of the m y c e l i u m  of the fungus  w e r e  d e s t r o y e d  by r a p i d  f r e e z i n g  
(l iquid n i t r o g e n )  and thawing  with  s u b s e q u e n t  g r i n d i n g  in the  p r e s e n c e  of q u a r t z  sand  in a p o r c e l a i n  m o r t a r .  
The i s o l a t i o n  of  the  t R N A s  was  p e r f o r m e d  by  e x t r a c t i o n  with  aqueous  phenol  [26, 27], and p u r i f i c a t i o n  f r o m  
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polysacchar ides ,  p igments ,  highly po lymer ic  RNAs, and other  impur i t i e s  by ch romatography  on DEAE- 
cel lulose [28], and deacylat ion of the tRNA by the method of Norton et al. ,  [17]. 

The isolat ion of the total  p repa ra t ions  of the ARSs and the de te rmina t ion  of the i r  ac t iv i ty  were  p e r -  
fo rmed  by the method of Berg  and Bergmann  [29]: 500 g of f resh ly  f rozen  fungal myce l ium was ground as 
descr ibed  above and homogenized with 1000 ml of 0.05 M t r i s -HC1 buffer  at pH 7.5 containing 0.001 MEDTA, 
0.005 M MgC12, and 0.005 M 2-mercaptoe thanol .  All the opera t ions  were  p e r f o r m e d  at 0-4°C. The l a rges t  
pa r t i c les  were  sepa ra ted  by centr ifuging for  40-50 rain at 6000 rpm.  Then, to f ree  it f r o m  the s m a l l e r  sub- 
ce l lu la r  pa r t i c l e s  ( r ibosomes ,  etc.),  the supernatant  liquid was centr i fuged at 105,000 x g for  2 h. To e l im-  
inate the endogeneous RNAs, the supernatant  was t rea ted  with a 0.2570 solution of s t r ep tomyc in  sulfate and 
centr ifuged.  The resul t ing supernatant  (crude ex t rac t  of the total enzymes)  was used to isolate  the individ- 
ual ARSs p repa ra t i ons .  

The prote in  content was de termined by Lowry ' s  method [30] and spec t ropho tomet r i ca l ly  f r o m  the 
absorpt ion  at 280 mp, taking the extinction E I ° ~  as 1.0. The act ivi t ies  of the ARSs were  determined by 
B e r g ' s  method [31]. The t ime  of incubation at 37°C was 13 min.  The radioact ivi ty  was counted on a BFL-  
25 counter  with an eff iciency of about 1570. 

The expe r imen t s  were  p e r f o r m e d  with ca rbon- labe led  amino acids having the following specif ic  ac-  
t ivi t ies  (mCi /mmole) :  lysine 120, phenylalanine 225, and aspar t i c  acid 100. Until act ivi ty of the enzyme 
was taken to be that  amount of pro te in  cata lyzing the fo rmat ion  of 1 mttmole of amino acyl- tRNA at 37°C 
in 1 rain under  s tandard conditions. The specif ic  act ivi ty was e x p r e s s e d  in units of enzyme activity pe r  
mi l l i g ram of protein.  

Isolat ion and Pur i f ica t ion of the Individual ARSs. The individual ARSs f r o m  the total ex t r ac t  were  
isolated by f rac t ional  prec ip i ta t ion  with (NH4)2SO 4 at var ious  percentage  sa tura t ions  of the ex t rac t .  The 
act ivi t ies  of the individual ARSs were  de te rmined  f r o m  the inclusion of the cor responding  [14C] amino acid 
in the tRNA. The highest ac t iv i t ies  for  the lysy l - ,  phenylalanyl- ,  and aspar ty l - tRNA synthe tases  was found 
at the following percentage  sa tura t ions  with (NH4)2SO4: 40-50, 50-65, and 67-70, respec t ive ly .  

The fu r the r  purif icat ion of the enr iched ARSs was pe r fo rmed  by column chromatography  on DEAE 
cellulose and by chromatography  on hydroxyapat i te-72 [32, 33]. The chromatography  of the synthe tases  
was p e r f o r m e d  by published methods - lysyl- tRNA synthetase [4], phenylalanyl- tRNA synthetase [13], and 
aspar ty l - tRNA synthetase [19, 20]. 

The f rac t ions  showing activi ty were  combined, and the i r  prote in  contents were  measu red .  The yield 
amounted to about 2-3 mg of protein.  

The molecu la r  weights of the ARSs were  found by gel f i l t ra t ion on Sephadex G-200 [34], using as 
s tandards  pepsin,  albumin, and pyruvate  kinase with molecu la r  weights of 35,000, 68,000 and 160,000, r e -  
spect ively.  

Columns (2.5 x 50) we re  fiUedwith Sephadex G-200 and equi l ibrated with 0.05 M t r i s -HC1 buffer,  ph 
7.5, containing 0.1 M KC1. Then a sample  of the enzyme or  of a s tandard prote in  containing 2-3 m g o f p r o -  
rein in 2 ml  of the same buffer  was deposited on the column. The density of the buffer  solutions was in- 
c r ea sed  by adding 5 mg of sucrose  to the sample .  Elution was p e r f o r m e d  with 0.05 M t r i s -HCl  buffer ,  7.5, 
containing 0.1 M KC1. The ra te  of elution was 20 ml /h .  The volume of a f rac t ion  was 3.3 ml.  

The kinetic constants  K M and Vma x of the enzymes  isolated were  de te rmined  by Lineweaver  and 
Burk ' s  method of double r ec ip roca l  values [35] f r o m  the fo rmat ion  of the [14C]aminoacyl-tRNA in a balance 
aminoacyla t ion reac t ion  according to Berg [31]. The t ime of incubation was 10 rain. 

The amino-ac id  composi t ions  of the ARSs isolated were  de termined a f t e r  acid hydrolys is  in 5.7 N 
HC1 at 105°C for  24 h on a Hd-1200 (Czechoslovakia) automat ic  amino-ac id  ana lyzer .  

C O N C L U S I O N S  

Rela t ively  highly purif ied p repa ra t ions  of lysy l - ,  pheny la l any l -  and aspar ty l - tRNA synthe tases  have 
been isolated f r o m  the 12-day myce l ium of a s t rongly virulent  f o r m  of the fungus V. dahliae and some of 
t he i r ' phys i cochemica l  p rope r t i e s  have been studied. 
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