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S U M M A R Y  

L-Valyl-sRNA synthetase (L-valine:sRNA ligase (AMP), EC 6.1.1.9) has been 
purified from Escherichia coli by a procedure involving autolysis, (NH4),SO 4 fractiona- 
tion, adsorption on and elution from calcium phosphate gel, and column chromatog- 
raphy. The enzyme, which is about 65o-fold purified over the initial cell-free extract, 
is homogeneous on ultracentrifugation (sedimentation coefficient 4.2 S) and on poly- 
acrylamide-gel electrophoresis. Certain general properties of the enzyme and the 
effect of various metal ions on its activity have been determined. The enzyme is 
inhibited by N-ethylmaleimide and p-chloromercuribenzoate. Preliminary studies of 
the enzyme sulfhydryl groups have been carried out. 

INTRODUCTION 

The aminoacyl sRNA synthetases occupy a significant position in the pathway 
leading from free amino acids to proteins; these enzymes play an important role in 
determining the specificity of protein synthesis by recognizing both a particular 
amino acid and the corresponding sRNA acceptor. Understanding of the mechanism 
of this step in protein synthesis will undoubtedly require a variety of studies on the 
purified aminoacyl sRNA synthetases. The present work was undertaken as an effort 
in this direction. We have developed a method for the isolation of highly purified 
L-valyl-sRNA synthetase (L-valine: sRNA ligase (AMP), EC 6.I.I.9) from Escherichia 
coll. The isolated enzyme is about 65o-fold purified over the original cell-free extract 
and is homogeneous by electrophoretic and ultracentrifugal criteria. Studies have 
been carried out on the specificity and other properties of the enzyme, and preliminary 
findings on the enzyme sulihydryl groups have been made. 

Abbreviations: sRNA, soluble RNA; PCMB, p-chloromercuribenzoate. 
Present address: ]Biochemical Research Laboratory, Brockton Veterans Administration 

Hospital. 
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EXPERIMENTAL 

Materials 
Uniformly labeled L-[14C~valine was obtained from the New England Nuclear 

Corporation, Boston, Mass. L-Valine, L-isoleucine, DL-alloisoleucine, I)L-norvaline, and 
DL-allothreonine were obtained flom Mann Research Laboratories, New York, N.Y. 
DL-i-Aminobutylphosphonic acid, DE-I-amino-2 methylpropylphosphonic acid, a- 
aminoisobutyric acid, L-penicillamine, L-a-aminobutyric acid, and Bio-Gel P-2oo 
were obtained from Calbiochem, Los Angeles, Calif. DL-Homoserine, DL-homocysteine, 
DL-isovaline, and DL-/~-methylaspartic acid were obtained from Nutritional Bioch. 
Corp., Cleveland, Ohio. L-tert.-Leucine was a sample prepaled by Dr. J. P. GREEN- 
STEIN. 

E. coli B was purchased from the Grain Processing Co., Museatine, Iowa, and 
stored at --20 ° until used. DEAL-cellulose and Sephadex G-25 were obtained, 
respectively, from Brown and Co., Keane, N. H., and Pharmacia, Uppsala, Sweden. 
Glass beads (diameter, 200/~) were obtained from Minnesota Mining and Manufact- 
uring Co., St. Paul, Minn. Alumina C-y-gel was obtained from the Sigma Chemical Co., 
St. Louis, Mo. Naa32p207 was prepared from H332po 4 (Atomic Energy of Canada, 
Ltd.) as described by BERG 1. Calcium phosphate gel was prepared by a modification" 
of the method of SWINGLE AND TISELIUS 2. Salt-free hydroxylamine was prepared as 
described by DAVIE 3. Polyethyleneglycol 6000 was obtained from City Chemical 
Corp., New York, N.Y., 2-mercaptoethanol was a product of Eastman Chemicals, 
Rochester, N.Y. 

METHODS 

Determination of enzyme activity 
Enzyme activity was followed during purification by determining the rate of 

formation of labeled valylhydroxamate,  L-[14Clvaline essentially, as described by 
LOFTFIELD AND EIGNER 4. The reaction mixtures contained salt-free hydroxylamine 
(adjusted to pH 7.0 with HCI; 450/,moles), ATP (0.75 #mole), MgC12 (0.75/~mole), 
L-[laCJvaline (0.2 #mole; 80 ooo counts/min), and enzyme (added last) in a final vol. 
of o.16 ml. After incubation at 37 ° for 30 rain, a 2o-/,1 sample was removed and applied 
to a strip of Amberlite cation-exchange paper (SA-2; Reeve Angel; 22 m m ×  126 ram) 
along a line 2.5 cm from one end, and instantly exposed to a heat lamp to destroy the 
enzyme (keeping it at a distance of about IO cm until dry). The lower end of the paper 
strips were placed in a reservoir containing 0.05 M potassium phosphate buffer (pH 
7.0) in a glass tank; when the solvent moved to within 1. 5 cm of the top of the strips 
(IO rain), the strips were removed and dried. Valylhydroxamate was found in the area 
between 1.5 cm below the origin to 2. 5 cm above the origin. All of the unreacted valine 
appeared in a section located 2.8 cm below the solvent front to 1.2 cm above the sol- 
vent front. The radioactive areas were counted in an automatic gas-flow counter. 
Controls (zero time, and without enzyme) were included in each set of determinations; 
less than i % of the valine radioactivity was found in the hydroxamate area. Protein 
was determined by the method of LOWRY et al. 5 using crystalline bovine serum 

* We are indebted to DR. t3. HORECKI~R for providing the details of this procedure. 
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albumin as standard, and also spectrophotometrically as described by WARBURG AND 
CHRISTIAN e. A unit of enzyme activity is defined as that amount of enzyme which 
catalyzes the formation of I ttmole of valylhydroxamate/h under the above condition. 
Specific activity is defined as the units of enzyme/mg of protein. The fractions ob- 
tained in Steps 1-3 of the purification procedure (Table I) also contain isoleucyl- 
sRNA synthetase, which catalyzes formation of both isoleucylhydroxamate and 
valylhydroxamate.  To obtain the value for valylhydroxamate formation due to valyl- 
sRNA synthetase, the activity observed with valine was corrected by subtracting 
0.55 of the value obtained with L-isoleucine (ref. 7). 

Amino acid-dependent a2PPI-ATP exchange was determined as described by 
BERG et al. 8. 

T A B L E  I 

PURIFICATION OF THE ENZYME* 

Step Fraction Protein Activity Yield Purifi- 
(rag) ( % ) cation 

Total Specific 
(units) (units/ 

rag) 

Cell-free ext rac t  14 200 300 o,o2 (ioo) (i,o) 
Autolysate  (after centrifugation) 9 5 °o 285 o.°3 95 1-5 
(NH4)~SO 4 (after dialysis) I 3o0 208 o.16 69 8.0 
Calcium phospha te  gel eluate 4 °0 172 o-43 57 22 
(NH4)~SO 4 (after dialysis) 15 ° 125 o.83 42 42 
Calcium phospha te  gel eluate 44 78 1.78 26 89 
Calcium phospha te  column 2.I I8 8.60 6 43 ° 
Bio-Gel P-2oo column 1.15 15 13.o 5 650 

* F rom 2oo g of frozen cells; other  details are given in the text.  

Purification of the enzyme* 
Step I. Preparation of cell-free extract. Partially thawed E. coli (2oo g) was sus- 

pended in 6o0 ml of cold o.Io M potassium phosphate buffer (pH 7.0) containing o.oi 
M 2-mercaptoethanol. Approx. one-half of the suspension was placed in a precooled 
refligerated container and the probe of a M.S.E. Ultrasonic Disintegrator, 50o W, 
sonicator was inserted just below the surface; the cells were sonicated at maximum 
power for 20 rain during which time the temperature was maintained below 12 °. 
The same procedure was followed in sonicating the remaining cell suspension. After 
sonication the combined sonicates were mixed with 200 ml of buffer and after tho- 
rough stirring, the mixture was centrifuged for i h at 15 ooo × g. 

Step 2. Autolysis of nucleic acids. The partially clarified supernatant solution 
was treated with EDTA to yield a final conch, of o.ooi M, and then incubated at 37 ° 
until more than 90 % of the material absorbing at 260 m# remained in the soluble 
phase after t reatment  with HC104 (final conch. 3.2%); this required about 8 h of 
incubation. The autolysate was allowed to stand overnight and the sediment was 
subsequently removed by  centrifugation. 

* Prel iminary work  on the isolation method was carried out  in this laboratory in collabo- 
ra t ion wi th  Dr. O. J. KOEPPE. 
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Step 3. Ammonium sulfate fractionation. The clear supernatant solution was 
brought to 35% of saturation (4 °) by gradual addition of solid (NH4)2S04; after 
standing for 30 rain the precipitate was removed by centrifugation. The (NHa)2SO 4 
concn, of the supernatant solution was then increased by adding solid (NHa)2SO 4 to 
55% of satn. ; after standing for 30 min, the precipitate was collected by centrifuga- 
tion and the supernatant was discarded. The precipitate was dissolved in 300 ml of 
0.02 M potassium phosphate buffer (pH 7.o)*. After clarification of this solution by 
centrifugation, (NH4)2SO 4 was added to 5O~o of satn. and after standing for 30 rain 
the precipitate was collected by centrifugation and extracted 3 times with Ioo-ml 
portions of 40% satd. (NHa)2SO 4. The insoluble residue was discarded and the com- 
bined (NH4)2SO 4 extracts were brought to 55% of (NH4)2SO a satn. and then centri- 
fuged. The precipitated protein was dissolved in 50 ml of 0.02 M potassium phosphate 
buffer (pH 7.0) and dialyzed overnight against the same buffer. 

Step 4. Adsorption on and elution from calcium phosphate gel. The dialyzed solution 
was treated with an amount of calcium phosphate gel equivalent to one-third of the 
weight of protein present; after standing for 30 rain at 4 ° the supernatant solution 
was recoveled by centrifugation. Calcium phosphate gel equivalent to twice the 
original weight of protein was then added; after mixing and standing for 30 min the 
gel was recovered by centrifugation. The gel contained about 80 °/o of the protein that 
remained after the first gel treatment. The enzyme was eluted by treating the gel 
successively with 5o-ml portions of the following solutions : water, 0.02 M potassium 
phosphate buffer (pH 7.o), and 0.08 M potassium phosphate buffer (pH 7.0). Washing 
with each solution was repeated until the supernatant solution contained virtually 
no material absorbing at 280 m#. Most of the enzyme activity was eluted with the 
0.08 M phosphate buffer. 

Step 5. Ammonium sulfate precipitation. The combined 0.08 M potassium phos- 
phate buffer fractions were treated with solid (NH4)2SO 4 to obtain 47 % of satn. ; after 
standing overnight the precipitated protein was removed by centrifugation. After in- 
creasing the (NH4) 2SOa concn, of the supernatant to 65 % of satn., the precipitate was 
collected by centrifugation, dissolved in IO ml of 0.02 M potassium phosphate buffer 
(pH 7.o), and then dialyzed overnight against the same buffer. 

Step 6. Adsorption on and elution from calcium phosphate gel. The dialyzed solu- 
tion was treated with an amount of calcium phosphate gel equivalent to one-third of 
the weight of protein, and the supernatant solution was recovered by centrifugation. 
Calcium phosphate gel equivalent to twice the original weight of protein was then 
added; after standing for 30 min the supernatant solution was recovered by centrifu- 
gation. The supernatant solution contained about 35 % of the protein that remained 
after the first gel treatment. 

Steps 7 and 8. Calcium phosphate and Bio-Gel P-2oo columns. The solution was 
dialyzed against 0.02 M potassium phosphate buffer (pH 7.0) and then added to the 
top of a calcium phosphate gel-cellulose column (20 cm × 1.3 cm) previously equilib- 
rated with the same buffer. The protein was eluted stepwise with the following solu- 
tions: 0.04 M, 0.05 M, 0.06 M, 0.07 M, and 0.08 M potassium phosphate buffers (pH 
7.0). Fractions of approx. 8 ml were collected per h. The enzyme activity was eluted 
with 0.07 M buffer (Fig. I) and the fractions containing the enzyme were pooled, 

* o.oi M 2-mercaptoethanol was added to all buffers used in the purification procedure. 
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Fig. I. Chromatography  of valyl -RNA synthetase  on calcium phosphate  gel-cellulose. Purified 
valy l -RNA synthe tase  (455 rag, 927 units) was chromatographed  on calcium phosphate  gel- 
cellulose (i.2 cm × 21 cm), as described in the tex t  (from large-scale preparation).  

concentrated by dialysis against polyethyleneglycol 6ooo, and then added to the top 
of a Bio-Gel P-2oo column (7 ° cm × 0.6 cm) previously equilibrated with 0.02 M 
potassium phosphate buffer (pH 7.0). This column was eluted with the same buffer; 
approx. 70 % of the protein containing 75~)5 % of the activity was found in the first 
column-volume. The tubes containing most of the activity exhibited constant specific 
activity; these were pooled, concentrated, and frozen. Additional enzyme of similar 
specific activity was obtained from the other tubes after a second passage through a 
Bio-Gel P-2oo column. The purification of the enzyme is summarized in Table I. 
The ratio of the absorbance of the enzyme at 280 m# to that  at 260 m/~ was 1.66. 

When fractions containing IOO-fold purified enzyme were dialyzed against 60% 
sucrose containing o.ooi M glutathione and then frozen, there was no detectable loss 
of activity after storage for 6 months at - -IO °. The most highly purified enzyme has 
also been stored in this manner;  assay after 4 months of storage indicated no loss of 
activity. 

The purified enzyme sedimented in the analytical ultracentrifuge as an appar- 
ently homogeneous component; sedimentation coefficients of 4.0 and 4.3 S were 
obtained with protein concn, of 0.35 % and 0.55 %, respectively*. The enzyme migrat- 
ed as a single band on electrophoresis on polyacrylamide gel at pH 8.6 (ref. 9). 

Large-scale preparation of the enzyme In order to obtain larger amounts of the 
enzyme than can be prepared by the laboratory scale method described above, the 
enzyme was isolated from 16 kg batches of E. coli. The method used, which is de- 
scribed elsewhere 1°, is similar to that  given above; modifications were employed to 
permit simultaneous isolation of isoleucine sRNA synthetasen,  **. 

General catalytic properties of the enzyme. The time course of hydroxamate forma- 
tion was linear for at least 30 min under the conditions of assay described above. 
Maximal activity was observed in the pH range 6.5-7.0 in potassium phosphate 
buffer (Fig. 2). The Km values for L-valine and ATP were, respectively, 2- lO -4 M and 
2. IO -~ M. In the absence of added Mg ~+, the reaction proceeded at only 9% of that  
observed with an optimal Mg z+ concentration. The effect of various concentrations 
of added Mg 2+, Mn ~+, Co S+, and Zn z+ on the reaction is given in Fig. 3. Under the con- 

* We are indebted to Dr. R. H. HASCHEMEYER for these determinations.  
** This work was carried out  in collaboration with Dr. A. NORRIS BALDWIN. 
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Fig .  2. E f f e c t  o f  p H  o n  3 2 P P i - A T P  e x c h a n g e .  T h e  r e a c t i o n  m i x t u r e s  c o n t a i n e d  A T P  (2 /*mole s ) ,  
MgCI2 (5 /*moles ) ,  L - v a l i n e  (2 /*moles ) ,  I 3 2 P ] p y r o p h o s p h a t e  ( 2 . 1 / * m o l e s :  1 . 2 1 .  lO 5 c o u n t s / m i n  p e r  
/*mole),  p o t a s s i u m  p h o s p h a t e  (5 ° # m o l e s ,  p H  7.o) ,  a n d  e n z y m e  (3.9/*g)  in  a f i na l  vo l .  o f  0. 5 ml .  
[ 2 2 p ] A T P  f o r m a t i o n  w a s  d e t e r m i n e d  as  d e s c r i b e d  u n d e r  EXPERIMENTAL ( p a r a g r a p h  METHODS) 
a f t e r  i n c u b a t i o n  f o r  15 m i n  a t  37 °. 

F ig .  3. E f f e c t  o f  m e t a l  ions  o n  v a l y l h y d r o x a m a t e  f o r m a t i o n .  T h e  r e a c t i o n  m i x t u r e s  c o n t a i n e d  
s a l t - f r e e  N H 2 O H  ( p H  7.0,  45 ° / * m o l e s ) ,  A T P  (0 .75 /*mo le ) ,  [14C~valine ( o . i / * m o l e ,  spec i f ic  a c t i v i t y  
1 .25 /*C  p e r  /*mole),  p o t a s s i u m  p h o s p h a t e  ( p H  7.0,  0 . 8 / * m o l e ) ,  2 - m e r c a p t o e t h a n o l  (0. 4 # m o l e ) ,  
MgCI2, MnC12, ZnC12, o r  CoC12 as  i n d i c a t e d ,  a n d  e n z y m e  (5 Pg)  in  a f i na l  vo l .  o f  o .16  m l ;  i n c u b a t e d  
f o r  3 ° r a i n  a t  37 °. 

ditions employed Mg 2+ and Mn 2+ were appreciably active, while much lower act ivi ty 
was observed with Co 2+ and Zn ~+. No increase in act ivi ty was found with Ba ~+, Ni 2+, 
Ca 2+, NH4+, and K + (tested as the chlorides). 

T A B L E  I I  

A C T I V I T Y  O F  T H E  E N Z Y M E  T O W A R D  V A R I O U S  A M I N O  A C I D S  

T h e  r e a c t i o n  m i x t u r e s  c o n s i s t e d  o f  e n z y m e  ( 4 # g ) ,  a m i n o  a c i d ,  p o t a s s i u m  p h o s p h a t e  ( p H  7 .0 ;  
50 # m o l e s ) ,  MgC12 (5 /*moles ) ,  A T P  (2 /*moles ) ,  a n d  Na~32P207 ( 2 . 1 / * m o l e s ;  lO 5 c o u n t s / m i n  p e r  
/*mole) in  a f i na l  vol .  o f  0 .5  ml .  A f t e r  i n c u b a t i o n  a t  37 ° f o r  15 ra in ,  0. 5 m l  o f  7Yo H C 1 0 ~  w a s  
a d d e d  a n d  t h e  f o r m a t i o n  o f  AT32P  w a s  d e t e r m i n e d  as  d e s c r i b e d  u n d e r  EXPERIMENTAL ( p a r a g r a p h  
METHODS). V a l u e s  r e c o r d e d  as  ze ro  w e r e  less  t h a n  i m f f m o l e .  

Amino acid Cohen. A T22p Amino acid Conch. A T3~P 
(M)  formed (M)  formed 

( m/*moles ) ( m ffmoles ) 

L - V a l i n e  2 • lO -4 61 T h r e o - ~ - m e t h y l - D L -  2 . 6 .  lO -2 o 
a s p a r t i c  a c i d  

L - T h r e o n i n e  1 .6 .  lO -2 17 L - P e n i c i l l a m i n e  1 .6 .  lO -2 o 
D L - A l l o t h r e o n i n e  3-2"  lO -3 o a - A m i n o i s o b u t y r i c  a c i d  1 .6 .  lO -3 o 
L - a - A m i n o b u t y r i c  a c i d  4 - lO -3 19 D L - H o m o s e r i n e  3.2 • lO -2 o 
L - I s o l e u c i n e  4 . 8 .  i o  -~ o D L - H o m o e y s t e i n e  3 . 2 " 1 o  -3 o 
DL-Al lo i so l euc ine  3 . 2 .  lO -3 o L - A l a n i n e  1 .6"  IO -~ o 
L-tert.-Leucine 1.6"  lO -3 o DL-Va l ino l  1. 7 • 10 -8 O 
L - L e u c i n e  1 .6 .  lO -3 o D L - a - A m i n o - / ~ - m e t h y l -  1 .6 .  lO -2 o 

p r o p y l  p h o s p h o n i c  a c i d  
D L - N o r v a l i n e  3.2 • lO -2 o 
b L - I S o v a l i n e  3.2 • lO -2 o D L - a - A m i n o b u t y l  p h o s -  1 .6 .  lO -2 

p h o n i c  a c i d  
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T A B L E  I I I  

E F F E C T  O F  N-ETHYLMALEIMIDE ON VALYLHYDROXAMATE FORMATION 

The reaction mixtures  consisted of enzyme (83;ug), [14C]valine (o.2#mole,  specific act ivi ty 
1.25 #C//zmole), po tass ium phospha te  (pH 7.0, o.8 #mole), MgC12 (o.75/,mole), ATP  (o.75/~mole), 
salt-free NH2OH (pH 7.o, 36o#moles)  and N-ethylmaleimide (o.21 #mole) in a final vol. of 
o.16 ml. After incubat ion at  37 ° for 3 ° min, the format ion of [~4C]valylhydroxamate was deter- 
mined as described under  EXPERIMENTAL (paragraph METHODS). 

N-Ethylmaleimide Valylhydroxamate 
formed 
( mlzmoles / h ) 

Present  5 ° 
Absent  216 
Present* 188 
Absent* 186 

* The enzyme was preincubated wi th  ATP, MgC12 and L-valine (vol. 0.075 ml) for 5 rain 
at 37°; the other  components  were then added. 

Substrate specificity. The activity of the enzyme toward a number of amino 
acids was determined using the *~PPi-ATP exchange assay. In agreement with the 
studies of BERGMANN, BERG AND DIECKMANN 7, activity was observed with L-threo- 
nine and L-a-aminobutyrate. However, a number of structurally related and other 
amino acids were inactive (Table II). 

Effect of sulfhydryl reagents. The formation of valylhydroxamate was markedly 
inhibited by 1.3 mM N-ethylmaleimide (Table I I I ) .  I t  is of interest that  after pre- 
incubation of the enzyme with L-valine, ATP, and MgC12 no inhibition by this con- 
centration of N-ethylmaleimide was observed. Enzyme activity was increased by  
addition of 2-mercaptoethanol and this reagent reduced the marked inhibition pro- 
duced by p-chloromercuribenzoate (Table IV). Inhibition by the latter reagent was 
prevented or reduced by preincubation of the enzyme with L-valine, ATP, and MgC12 
(Table V). Inhibition by  p-chloromercuribenzoate (PCMB) was virtually complete at 
a eoncn, of 6 - io  -s M; half-maximal inhibition was observed with 1.8-IO -6 M PCMB 

TABLE IV 

EFFECT OF 2-MERCAPTOETHANOL AND PCMB ON VALYLHYDROXAMATE FORMATION 

The reaction mixtures contained salt-free NIIeOH (pH 7.o, 45 °/*moles), ATP (o.75/zmole), MgCI 2 
(o.75/*mole), L-[14C]valine (0.2/~mole, specific activity 1.25/zC//zmole), enzyme (4 ° ~ug), potassium 
phosphate (o.8#mole, pH 7.o), PCMB (o. 4 m/~mole), 2-mercaptoethanol (o. 7/*mole) in a final 
vol. of 0.2 ml; incubated at 37 ° for 3o rain. 

Preincubation Valylhydroxamate 
conditions ~ formed 

(ml*moles/h) 

No additions 63 
2-Mercaptoethanol IO 4 
PCMB 3 ° 
PCMB ; 2-mercapto- 

ethanol** 98 

* The enzyme was preincubated for 5 min at  26 ° in a vol. of o.155 ml. 
"* Two successive preincubat ions (o.155 ml; o.165 ml). 
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T A B L E  V 

E F F E C T  O F  P R E I N C U B A T I O N  ON I N H I B I T I O N  B Y  P C M B  

The reaction mixtures  contained salt-f lee NH~OH (pH 7.0, 45o/,moles),  ATP  (o.75/,mole),  
MgC12 (0.75/,mole), L-[14C]valine (0.2/,mole, specific ac t iv i ty  1.25/,C//,mole), potass ium phos-  
pha te  (pH 7.0, 0.6/ ,mole),  PCMB (0. 4 m/,mole), and enzyme (7 ° / ,g )  in a final vol. of o.2o ml. W h e n  
L-valine, ATP, and Mg 2+ were added  during the  5-min pre incubat ion  period the  react ion mixtures  
were otherwise complete  (vol., o. 155 ml) except  for PCMB and NH2OH; after  addi t ion of  NH2OH, 
the  mixtures  were incubated  for 3 ° min at  37 °. 

Conditions of preincubation P C M B  Valylhydroxamate 
formed 
( m/,m oles / h ) 

L-Valine, ATP, Mg 2+ (o °) Absent  6o 
L-Valine, ATP, Mg ~+ (o °) Present  57 
- -  (o °) Present  28 
L-Valine, ATP, Mg 2+ (37 °) Absent  60 
L-Valine, ATP, Mg 2+ (37 °) Present  4 ° 
- -  (37 °) Present  13 

(Fig. 4). Titration of the enzyme sulihydryl groups with PCMB by the procedure of 
BOYER 12 proceeded relatively slowly with time (Fig. 5)- Thus, titration of the enzyme 
was complete after about 8-1o h; on the other hand, the complete titration took about 
IO min when carried out in 8 M urea. The total number of moles of PCMB that reacted 
with IOO ooo g of enzyme under these conditions are given in Table VI. These data indi- 
cate that about half of the total enzyme sulfilydryl groups do not react with the rea- 
gent in the presence of L-valine, ATP, and MgC12. In the experiment described in Fig. 4 
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Fig. 4- Effect  of  PCMB on va]y lhydroxamate  formation.  The react ion mixtures  conta ined salt-  
free NH~OH (pH 7.0, 45 ° / ,moles) ,  ATP (0.75/*mole), MgCl 2 (0.75/*mole) ,L-[14C]valine (0.2/*mole, 
specific ac t iv i ty  1.25/*C//*mole), potass ium phospha te  (1. 4/ ,mole ,  p H  7.o), enzyme (22 #g) and 
PCMB as indicated in a final vol. of 0.2 ml;  incubated  at  37 ° for 3 ° min. 

Fig. 5. Rate  of  reaction of  PCMB with  the  enzyme.  The react ion mixtures  contained enzyme 
(lOO-2OO/*g), potassium phospha te  (pH 7.0, 60 ffmoles), 2-mercaptoethano] (0.2-0.3 mffmole) 
and PCMB (0.2/*mole) in a final vol. of  1. 4 ml. In  Exp t .  I, urea (9.6 mmoles) was also present ,  
and in Expt .  3 the  react ion mixture  also conta ined ATP (6.6 m/*moles), MgC12 (2.5 m/*moles), 
and L-valine (4 m/,moles). The value for the  ins tan taneous  reaction of  the  2-mercaptoethanol  
present  in the  enzyme solution was subt rac ted  in each case. 
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TABLE VI 

T I T R A T I O N  O F  T H E  E N Z Y M E  W I T H  PCMB 

Enzyme (5o-7o/~g, 1.2 ml) in 0.o5 M potassium phosphate (pH 8.0) was titrated by adding 
o.o2-ml portions of lO -4 M PCMB. After each addition the solution was allowed to stand at 26 ° 
until the absorbance at 25o m/~ was constant. The values given in the table represent the point 
at which no further absorbance change occurred. Other components of the solution are given in 
the table. The concentrations of L-valine, ATP, and MgC12 were, respectively, 1.67, 6.67, and 
3.33 • IO-S M. Similar values were obtained in experiments in which the enzyme sulffiydryl groups 
were calculated on the basis of the absorbance changes observed and the extinction coefficient of 
the PCMB-glutathione complex 1.. 

Additions PCMB]zoo ooo g 
of snzyme 

None 16 
8 M urea 17 
L-Valine, ATP, MgC12 8 

abou t  95 % inhibi t ion  was observed wi th  a molar  concent ra t ion  of inhib i tor  t ha t  is 
about  6 t imes  t ha t  of the  enzyme (assuming a tool. wt. of IOO ooo). Since the  ra te  of 
react ion of  the  enzyme with  PCMB is re la t ive ly  slow in the  presence of L-valine, ATP,  
and MgCI,, and  since there  are about  16 su l fhydryl  groups per  IOO ooo g of enzyme,  
the  findings indicate  t ha t  v i r tua l ly  all ac t iv i ty  can be des t royed  when a re la t ive ly  
small  p ropor t ion  of the  enzyme sul fhydryl  groups are blocked.  

D I S C U S S I O N  

The present  me thod  yields a p repa ra t ion  of va ly l  s R N A  syn the tase  which 
appears  to be more highly  purif ied than  others  thus  far  ob ta ined  from this  source, and  
p re l iminary  u l t racent r i fuga l  and  e lec t rophoret ic  d a t a  indicate  t ha t  the  enzyme is 
homogeneous.  The avai lable  d a t a  indica te  t ha t  the  purif ied enzyme is s table  on 
s torage for at  least  4 months .  The  p repa ra t ion  should therefore be useful for de ta i led  
mechanism and s t ruc tu ra l  studies.  The general  ca ta ly t i c  proper t ies  of the  present  
enzyme p repa ra t ion  are, in general ,  s imilar  to those of  previous ly  repor ted  p repara -  
tions4,~, 8. The  observa t ion  t ha t  the  h ighly  purif ied enzyme uti l izes bo th  threonine  
and  a - aminobu ty r i c  acid suppor t s  the  conclusion t ha t  the  act ivi t ies  observed toward  
these amino acids are not  due to con tamina t ion  with  o ther  enzymes.  I t  is of note  t ha t  
sl ight  bu t  definite ac t iva t ion  was observed wi th  added  Zn *+ and Co2+; however,  the  
purif ied enzyme showed some ac t iv i ty  in the  absence of added  meta l  ion suggesting 
the presence of some meta l  ions in the  prepara t ion .  

Al though  the  enzyme is, like m a n y  other  aminoacy l  s R N A  synthe tases  la, sensi- 
t ive  to sul fhydryl  reagents ,  the  findings indicate  t ha t  the  enzyme-su l thydry l  groups 
react  re la t ive ly  slowly wi th  PCMB. There  are about  16 sulf l lydryl  groups per  IOO ooo g 
of  enzyme and approx,  ha l f  of  these do not  react  wi th  PCMB in the  presence of ATP,  
Mg ~+, and  L-valine. The present  findings also indicate  t ha t  a lmost  all enzyme ac t iv i ty  
can be des t royed  when only a small  p ropor t ion  of  the  enzyme-sul f l lydryl  groups are 
de shoyed .  STERN et al. ~4 also repor ted  t ha t  va ly l  s R N A  syn the tase  of E.  coli as well as 
a va r i e ty  of o ther  aminoacy l  s R N A  synthe tases  ob ta ined  from this  organism are 
m a r k e d l y  inh ib i ted  b y  PCMB. I t  appears  from their  findings tha t ,  wi th  the  except ion 
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o f  lysy l  s R N A  syn the t a se ,  all o f  t he  a m i n o a c y l  R N A  s y n t h e t a s e s  o f  E.  coli are  su l ihy-  

d ry l  enzymes .  I t  has  been  r e p o r t e d  t h a t  a b o u t  h a l f  of  t he  su l fhydry l  g roups  o f  beef-  

panc reas  t r y p t o p h a n y l  s R N A  s y n t h e t a s e  are  p r o t e c t e d  b y  subs t r a t e s  aga ins t  inhib i -  

t ion  b y  5 ,5 ' -d i th iob i s  (2-n i t robenzoic  acid) and  P C M B  (ref. I5).  S imi la r  f indings h a v e  

been  m a d e  w i t h  firefly luci ferase  16. A l t h o u g h  the  p re sen t  s tud ies  i nd ica t e  t h a t  ce r t a in  

e n z y m e - s u l f h y d r y l  g roups  are  r e q u i r e d  for a c t i v i t y  and  t h a t  ce r t a in  enzyme-su l f l ly -  

d ry l  g roups  can  be  p r o t e c t e d  aga ins t  t h e  ac t ion  of  su l fhyd ry l  r eagen t s  b y  e n z y m e -  

b o u n d  a m i n o a c y l  adeny la t e ,  t he  specific re la t ionsh ip  b e t w e e n  e n z y m e  su l fhydry l  

g roups  and  a c t i v i t y  r ema ins  to  be  e luc ida ted .  
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