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SUMMARY 

N-acetylseryltyrosine was isolated from the chymotryptic and peptic digests of TMV-protein. 
The structure of the acetylpeptide purified by ion-exchange chromatography, was studied by 
the FDNB method, hydrazinolysis and the use of carboxypeptidase. For the characterization of 
the acyl group in the peptide, hydrazinolysis was also used. The location of the acyl peptide in 
the protein was discussed. 
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PURIFICATION OF GLUTAMIC-ASPARTIC TRANSAMINASE 

HALINA LIS 

Institute o/Biochemistry, University o I Uppsala (Sweden) 

Seve ra l  m e t h o d s  for  t h e  p a r t i a l  pu r i f i ca t ion  of g l u t a m i c - a s p a r t i c  t r a n s a m i n a s e  f rom 

h e a r t  m usc l e  h a v e  b e e n  d e v e l o p e d  1-*, t h e  m o s t  r e cen t  b e i n g  t h a t  b y  CAMMaRAT.~ 

AND COHEN in 1951. T h e s e  pu r i f i c a t i on  s c h e m e s  are  b a s e d  on t h e  c lass ica l  m e t h o d s  

of f r a c t i o n a l  p r e c i p i t a t i o n  w i t h  sa l t s  a n d  o rgan ic  so lven t s .  D u r i n g  t h e  p a s t  few years ,  

h o w e v e r ,  n e w  a n d  m o r e  e f fec t ive  t e c h n i q u e s  for  t h e  f r a c t i o n a t i o n  of p r o t e i n s  h a v e  

b e e n  d e v e l o p e d .  T h e  r e m a r k a b l e  success  w i t h  w h i c h  t h e y  h a v e  been  a p p l i e d  to  t h e  

pu r i f i c a t i on  of  o t h e r  e n z y m e s  s e e m e d  to  m a k e  it w o r t h  whi le  to  t r y  a n e w  a p p r o a c h  

Re/erences p. ~97. 
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to  t h e  p r o b l e m  of  the  p u r i f c a t i o n  of  t r a n s a m i n a s e .  A p r e l i m i n a r y  n o t e  on th e  use  
ot c a r b o x y m e t h y l  c e l l u l o s e  for the  pur i f i ca t ion  of  th i s  e n z y m e  w a s  p u b l i s h e d  r e c e n t l y  
b y  SOBER aND PETERSON 6. T h e  f o l l o w i n g  report  d e s c r i b e s  th e  p r e p a r a t i o n  of  a h i g h l y  
pur i f i ed  h o l o t r a n s a m i n a s e  b y  the  use  of  i o n - e x c h a n g e  c h r o m a t o g r a p h y  a n d  z o n e  
e l e c t r o p h o r e s i s .  

M A T E R I A L S  AND M E T H O D S  

The L-glutamic and L-aspartic acids were obtained from Merck and Co., the oxalacetic acid and 
the pyridoxal-5-phosphate used as coenzyme from California Foundation for Chemical Research, 
l.os Angeles, U.S.A. and t h e  ( * - k e t o g l u t a r i c  a c i d  f r o m  S i g m a  Chemical Company, St. Louis, U.S.A. 

Measurement o/ transaminase activity. T h e  s p e c t r o p h o t o m e t r i c  m e t h o d  a c c o r d i n g  t o  CAMMA- 
RATA AND COHEN 6 was employed. The s u b s t r a t e  c o n c e n t r a t i o n s  u s e d  in the assay cel l  w e r e  3.t2 
m m o l e s / m l  a n d  t h e  t e m p e r a t u r e  w a s  25 ~. l r n l e s s  o t h e r w i s e  s t a t e d ,  n o  s y n t h e t i c  e o e n z y m e  w a s  
a d d e d .  

T h e  r e a c t i o n  w a s  f o l l o w e d  b y  o b s e r v i n g  t h e  f o r m a t i o n  of  o x a l a c e t i c  a c i d .  D e n s i t y  r e a d i n g s  
w e r e  t a k e n  a t  i n t e r v a l s  o f  2 min f o r  6 S m i n .  T h e  r a t e  o f  t r a n s a m i n a t i o n  r e m a i n e d  c o n s t a n t  
d u r i n g  t h i s  p e r i o d .  

O n o  e n z y m e  u n i t  is d e f i n e d  a s  t h a t  a m o u n t  o f  e n z y m e  w h i c h  will  g i v e  a n  i n c r e a s e  in o p t i c a l  
d e n s i t y  of  o .oo  t u n i t / r a i n  u n d e r  t h e  c o n d i t i o n s  s p e c i f i e d  a b o v e .  

Ion-exchange chromatography. T h e  e a r b o x y m e t h y l  (( 'M) ce l l u lo se  u s e d  for  t h e  c o l u n l n  c h r o -  
m a t o g r a p h y  w a s  p r e p a r e d  a c c o r d i n g  t o  PETERSON aXl)  SOBER 7 f r o m  a ce l l u lo se  p o w d e r  s u p p l i e d  
b y  M o  a n d  l ) o m s j 6  : \B ,  S w e d e n .  T h i s  e x c h a n g e r  c o n t a i n e d  o .45  m e q u i v ,  of  c a r b o x y l  g r o u p s  
p e r  g.  T h e  p o w d e r  w a s  h o m o g e n i z e d  in a \ V a r i n g  b l e n d o r  a n d  t h e  s m a l l e s t  p a r t i c l e s  w e r e  d i s c a r d e d  
b y  d e c a n t a t i o n .  T h e  (TMC w a s  t h e n  s u s p e n d e d  in O.Ol ~l/ a c e t a t e  h u l l e r ,  p H  5.4 ,  p o u r e d  i n t o  
t h e  c o l u m n  t o  t h e  d e s i r e d  h e i g h t  a n d  e q u i l i b r a t e d  w i t h  t h e  s a m e  bu f fe r .  T h e  p r o t e i n  s o l u t i o n .  
a d j u s t e d  t o  t h e  s a m e  p H  a n d  b u f f e r  c o n c e n t r a t i o n ,  w a s  a p p l i e d  t o  t h e  c o l u m n ,  a n d  e l u t i o n s  w e r e  
m a d e  I/b" s t e p w i s e  i n c r e a s e s  in  t h e  c o n c e n t r a t i o n  o f  bu f fe r .  "['he e t l l u e n t  w a s  a u t o m a t i c a l l y  c o l l e c t e d  
in f r a c t i o n s  a n d  t h e  f r a c t i o n s  w e r e  e x a m i n e d  fro" t h e i r  p r o t e i n  c o n t e n t  b y  m e a s u r i n g  t h e i r  ex  
t i n c t i o n  a t  28o  m lt in I cnl  ce l ls  in a B e c k m a n  l ) l "  spec t rophot¢m~_ete r .  T h e i r  t r a n s a m i n a s e  a c t i v i t y  
w a s  d e t e r m i n e d  a c c o r d i n g  t o  t h e  m e t h o d  d e s c r i b e d  a b o v e .  

Zo,e  eh,,/r@horesis with cellulose powder. T h e  a p p a r a t u s  u s e d  a i m  p r o c e d u r e  f o l l o w e d  w e r e  
t h o s e  d e s c r i b e d  b y  I~{H{A'I'H 8. T h e  p r o t e i n  s o l u t i o n  w a s  e o m e n t r a t e d  t o  _, nil a n d  a p p l i e d  t o  t h e  
top of  t h e  c o l u m n  (8o . ~.S cm)  a n d  w a s h e d  i n t o  t h e  e o h t m n  w i t h  3 5 ml o l  bu l fv r ,  ion ic  s t r e n g t h  
o .o3 ,  p i t  7.4 T h e  t o p  ~f t h e  c o l u m n  w a s  c o n n e c t e d  t o  t h e  c a t h o d e ,  t h e  b o t t o m  t o  t h e  a u o d e  
a n d  a c t l r r e n t  IH 2o h i . \  (13oo  V) w a s  a p p l i e d  h~r 3 ° h o u r s .  \ f t e r  t h e  c o m p l e t i o n  o f  t h e  r u n  t h e  
e o h l m n  w a s  e l u t e d  at: a f low r a t e  of  h i )ou t  2o m l / h .  I ' rac t i~)ns  ()1 3 lul e a c h  w e r e  c o l l e c t e d  a n d  
e x a l n i n c d  as  ( l esc l - ibed  a l ) ( lve .  

l~recipilati~, with (t~etol~(' w a s  u s e d  as  at p r e l i m i n a r y  pu r i l i c a t i~m s t e p .  T h e  p r e c i p i t a t i o n  w a s  
c a r r i e d  n u t  in t h e  eoh l  n~om ( b 4 ' ) .  "l 'he t>n~tein so lu t i~ms  w e r e  ch i l l ed  t o  t h i s  t e m p e r a t u r e  a n d  
a c e t ( ) n e  c o n c e u t r ~ t t i o I I S  w e r e  e t ) n l p l l t e d  oi1 a v o l l l r l l e  l~asis ;  i t  w a s  ttSSllllle(1 t h a t  t i l e  v o h l l n e s  o f  
ace tone ,  a n d  pr{~tein s o l u t i o n s  w e r e  a ( h t i t i v e .  T h e  p r e c i p i t a t e s  w e r e  h ' f t  hn" h a l f  a n  h o u r  to  equ i  
l i b r a t e  w i t h  t h e  s o l u t i o n  a n d  c e n t r i f u g e d  a t  4 • 

l¢er'overv o/ the enzyme / r , , ,  the effluent /raetio*~s. . \ t  t w o  p h a s e s  of  t h e  p u r i f i c a t i o n  s c h e m e  
o n e  is c o n f r o n t e d  w i t h  t h e  n e c e s s i t y  of  r e c o v e r i n g  t h e  e n z y m e  f r o m  r e l a t i v e l y  d i l u t e ,  s a l t - c o n -  
t a i n i n g  s ~ l u t i o n s .  ( )he  w a y  ~f w{~rkiug u p  s u c h  s o l u t i o n s  is t o  r e m o v e  t h e  l m t t e r  s a l t s  b y  d i a l y s i s  
a m l  c ~ m c c n t r a t e  b y  l y o p h i l i z a t i o n .  S { . m e t i m e s  i t  w a s  o b s e r v e d ,  h o w e v e r ,  t h a t  t h i s  p r o c e d u r e  led 
1~, c ~ m s i d o r a b l e  i n a c t i v a t i o n  . f  t h e  e n z y m e .  T h i s  t r e a t m e n t  h a d  p a r t i c u l a r l y  d e t r i m e n t a l  e f t e c t s  
~m t h e  h i g h l y  p u r i f i e d  lll~tterilt[ o b t a i n e d  a f t e r  z o n e  e l e c t r o p h o r e s i s .  In t h e  a t t e m p t  to r e c o v e r  
t h e  e n z y m e  w i t h o u t  i n a c t i v a t i o n ,  p r e c i p i t a t i o n  w i t h  a c e t o n e  w a s  t r i e d  a n d  p r o v e d  t o  lie a m o s t  
su i l a l ) l e  me th ( Jd  h*r tiffs p m  pose .  T h e  o p e r a t i o n s  w e r e  p e r f o r m e d  as  f o l l o w s :  

(a) Recox e r r  of t h e  e n z y m e  f r o m  t h e  s o l u t i o n  a f t e r  c h r o m a t o g r a p h y  o n  ion  e x c h a n g e  c o l u m n .  
l h e  e n z y m e  w a s  p r e c i t > i t a t e d  b y  a d d i t i o n  of  2 v o l u m e s  o f  a c e t o n e ,  a n d  t h e  p r e c i p i t a t e  w a s  

cen t r i / u .~vd  a n d  t a k e n  u p  in w a t e r  { a b o u t  ~o~{~ of  t h e  o r i g i n a l  v o l u m e  of  t h e  s o l u t i o n ) .  W h i l e  
a p a r t  <H l h e  p r e t i p i t a t e  w a s  inso lu l f le ,  t h e  t r a n s a m i n a s e  w a s  r e a d i l y  d i s s o l v e d  and t h e  r e c o v e r y  
<~1 a c t i v i t y  w a s  qo",,. T h e  c o n c e n t r a t e d ,  s a l t - f r e e  s o l u t i o n  of  t h e  e n z y m e  t h u s  o b t a i n e d  w a s  
ly ( ,ph i l i zed  c~r u s e d  d i r e c t l y  for  e l e c t r o p h o r e s i s .  

(b) I{ecox'er\" of  t h e  e n z y m e  a f t e r  e l e c t r o p h o r e s i s .  
T h e  p l [  o f  t h e  so lu t i<m w a s  a d j u s t e d  t o  5 .4  in  o r d e r  t o  f a c i l i t a t e  t h e  p r e c i p i t a t i o n  of  t h e  

v n z v m e  a n d  p r e v e n t  t h e  p r e c i p i t a t i o n  of  p h o s p h a t e  f r o m  t h e  b u f f e r .  T h e  p r e c i p i t a t e d  e n z y m e  
w a s  r e c o v e r e d  b y  c e n t r i f u g a t i o n  a n d  f r e e z e - d r i e d .  

h'e/ere~c~'s p. 19 7. 
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Method o! purification. One kg of pig heart that had been removed and packed 
in ice immediately after slaughtering the animal, was minced, suspended in 2 1 of 
distilled water (chilled to 4°), and extracted for 4 hours at 4 °. The extract was cen- 
trifuged in the cold at 3000 r.p.m., the residue washed with water and the combined 
extracts were filtered (activity = 80 units/me of protein). The pH of the clear, dark 
red- filtrate was then adjusted to pH 5-4 with o.I M acetic acid. Sometimes a slight 
precipitation was observed at this point. This precipitate did not contain any trans- 
aminase activity and was subsequently discarded with the first acetone precipitate. 
Acetone was added to a final concentration of 33%. 

Precipitate 
D i s c a r d e d  
Solution 
Discarded  

Precipitate 
Discarded  

Precipilate 
Discarded  

Solution 
Discarded  

Precipitate 
Discarded  

P T D  1 

P T D  I I  

Procedure 

Solution 
A c e t o n e  w a s  added  to  5 ° %.  

Precipitate P T A  I ( a c t i v i t y  = I5  ° u n i t s / m e  protein) .  

S u s p e n d e d  in 1,ooo ml w a t e r  and centr i fuged.  

Solution 
p H  adjus ted  to 5-4; ace tone  was  added  t o  a c o n c e n t r a t i o n  of 280,o . 

Solution 
A c e t o n e  to a final c o n c e n t r a t i o n  of 60 %.  

Precipitate P T A  l i  ( a c t i v i t y  = 250 uni ts /rag  protein) .  

Suspended  in 500 ml  w a t e r  and  centr i fuged .  

Solution 
A c e t a t e  buffer, p H  5.4 was  added  to g ive  a c o n c e n t r a t i o n  of o .ol  M 
and the  so lut ion  w a s  appl ied to the  CM cel lulose  co lumn.  

The enzyme was recovered from the fraction eluted from the column with 0.06 M 
buffer (activity = 2,ooo units/mg protein) and further purified by zone electro- 
phoresis in a cellulose powder column (final activity = 4,ooo units/mg protein). 

RESULTS AND DISCUSSION 

Precipitation with acetone proved to be a very suitable method for removing much 
of the accompanying impurities prior to applying the material to the ion-exchange 
column. Transaminase seems to be quite insensitive to denaturation in the presence 
ot even high acetone concentrations and at temperatures as high as lO-15 ° : it retains 
full activity for some hours even at room temperature in 3o% acetone. The acetone 
remaining in the precipitate can be dialysed away without loss of activity. 

The recoveries and degrees of purification obtained by the acetone fractionation 
are shown in Table I. 

T A B L E  I 

o. o 
Total protein 

° o 
Total a c t i v i t y  

l ' u r i f i c a t i o l ~  
/actor 

P T A  I 45 5 ° 8o _, 
P T A  I I  2o 0o 3 

Re/erences  p. 197. 
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By far the highest one-step purification was obtained, however, by ion-exchange 
chromatography on CM cellulose. Fig. I shows a part  of the elution curve from an 
experiment with 800 mg PTA I I  on a column (3o"2.2 cm) with a total volume of 
I15 ml and a volume of 25 ml of adsorbent. The cellulose was equilibrated with 
o.oi M acetate buffer at pH 5.4. The adsorption was carried out at this molarity 
and the elution was started with 0.06 M buffer, followed by  o.Io M and 0.40 M buffer, 
finishing with o.I  M NaOH. Fractions were collected at 5-rain intervals, giving 3 ml 
volumes. Practically all activity was eluted at the first elution step with 0.06 M buffer. 

Ac e~ote huller 

; 1 
J 0.06 M 

2.5] 

i 2.0[ 

t 

1.5 1 

I 

1.0 

0 . s ~  

75 t05 135 165 195 225 

_<. 

2000 

1500 

270 300 330 360 
Oisploced volume {m[] 

1000 

500 

Fig .  i. P a r t  of t h e  e l u t i o n  d i a g r a m  o b t a i n e d  w i t h  800 m g  of P T A  I I  on  a c o l u m n  3 ° x -,.2 c m  
w i t h  CM ceJlulose. T h e  a r r o w  i n d i c a t e s  t h e  s t a r t  of  e t u t i o n  a t  t h e  t o p  of  t h e  c o l u m n  w i t h  o.o6 M ,  
a c e t a t e  buf fe r ,  p H  5.4. O - @ - O - O  e x t i n c t i o n  a t  280 m/b; x × -  x x t r a n s a m i n a s e  a c t i v i t y  

e x p r e s s e d  in u n i t s / m l .  

Two zones were obtained in this range. The dashed area (see figure) accounts for 55 o//{, 
of the activity added to the column, but it contains only 5 % of the protein material. 
This represents a I2-fold purification. I t  was found, however, that  in order to obtain 
this high degree of purification, very rigorous adherence to the experimental con- 
ditions described above is required. In other experiments, when using larger columns 
or varying amounts of protein material, the results were, as a mat ter  of fact, less 
satisfactory. While the chromatographic behaviour of the zone with transaminase 
activity was the same in all experiments, the overlapping of the two protein peaks 
in the 0.06 M elution range was increased, thus giving a lower specific activity and 
hence a lower degree of purification. The purification was, in such cases, 6- to 8-fold, 

l~e/erences p. 197. 
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and  the ma te r i a l  ob ta ined  was obvious ly  heterogeneous.  This  inhomogene i ty  was 
confirmed b y  pape r  electrophoresis.  A t  all values  tes ted  over  the  p H  range 5.4-8.6,  
the  presence of 3 spots  was observed.  As the  best  resolut ion was ob t a ined  at  p H  7-4, 
zone electrophoresis  on a cellulose powder  column was per formed at  this  p H  wi th  
phospha te  buffer, o.o3 3I .  The e lec t ropherogram ob ta ined  is shown in Fig. 2. Three  
ma jo r  componen t s  are  seen, the  a c t i v i t y  being associa ted  wi th  only one componen t ,  
namely ,  the  slowest mov ing  One*. The  ra t io  of a c t i v i t y  uni t s :  opt ica l  dens i ty  is 
cons tan t  t h roughou t  the  peak  and  abou t  twice as high as tha t  for the  s t a r t i ng  
mater ia l .  Fo r  compar ison  the ma te r i a l  purif ied according to the  op t ima l  condi t ions  
for ion-exchange c h r o m a t o g r a p h y  (Fig. I) was subjec ted  to e lectrophoresis  in the  
same buffer. The  resul t  is represented  in Fig.  3. A compar ison  w i t h ' F i g .  2 reveals  
the  absence of the  leading component  and  a shift  in the  re la t ive  percentage  com- 
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F'ig. 2. Electropherogranl of the active fraction obtained from ion-exchange chromatography. 
The electrophoretie run was made in phosphate buffer pH 7.4, ionic strength 0.03, on a 80 X * .8 cm 
column for 3 ° hours at 20 mA. 0-0-0-0 extinction at 28o m u: × x - × - x  transaminase 

activity, expressed in units/ml. 

pos i t ion  of the  remain ing  components .  As for the  enzymic  ac t iv i ty ,  however,  no 
difference is found be tween the  two exper iments .  Not  only is the  d i s t r ibu t ion  the  
same, bu t  even the  ra t io  of a c t i v i t y  un i t s /op t ica l  dens i ty  remains  unchanged.  

I t  is thus  ev ident ,  t ha t  the  u l t ima te  purif icat ion,  achieved b y  the  combina t ion  
of ion-exchange  c h r o m a t o g r a p h y  and  zone electrophoresis ,  is the  same in all cases, 
even in those  in which the pur i f icat ion ob ta ined  b y  the c h r o m a t o g r a p h y  s tep  alone 
is not  ful ly  sa t i s fac tory .  

* At the same pH as used here, previous workersL~ found the activity associated with two 
components. The reason for this discrepancy is not known; it may be due to differences in the 
starting material or to methodological differences between bonndarv and zone eleetrophoresis. 

ReJerences  p.  r97.  
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1;ig. 3. Electropherogram of tim material, corresponding to the dashed area in Fig. 1. The con- 
ditions of the run as in Fig. _,. O O O O extinction at _,8o mH; . \ ~ * tcansaminase 

activity, expressed in units/ml. 

Activi ty  and stability o~ the purified enzyme 

The enzyme, recovered from the effluent fractions after electrophoresis and 
lyophilization, was obta ined as a fine, water-soluble, slightly yellow powder. I t  
yielded, when assayed under  the condit ions described earlier, an act ivi ty  of 4ooo 
units/nag protein. When assayed in the opposite direction, i.e. from right to left in 
the system : 

aspartic acid ~ ~-ketoglutaric acid ~ oxalacetic acid -~ glutamic acid 

as employed by C.\MMARATa AND COHEN, it yielded an ac t iv i ty  of Io,ooo uni t s /mg 
protein, which is twice the specific ac t iv i ty  of the preparat ion reported by  these 
authors.  No difference in ac t iv i ty  was observed on addi t ion of synthet ic  coenzyme 
to the assay solution, indica t ing  tha t  the enzyme thus obta ined is the holoenzyme. 

The stabi l i ty  of the enzyme in the dry state was followed for only two weeks, 
but  dur ing this period no decline in act ivi ty  was observed. The s tabi l i ty  of solutions 
of the enzyme was studied at a number  of different pH values. Tile solutions were 
o.o5 3I  in buffer and contained o.65 mg protein/ml.  For the ac t iv i ty  de terminat ions  
Io/,1 of the solutions were added to the assay cell, giving a concentrat ion of 2 7 
enzyme per mh The results are summarized in Table  II .  

tCe/ere~ces p. *97. 
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TABLE I1 

Activity in units ml ol original solution alter 
p H  

o h "~'!z h 2,t) h 

4.5  2 6 0 0  2000  
5 .4  2 6 0 0  2 6 0 0  
7.4 2 6 0 0  2 6 0 0  
8 .6  2 6 0 0  2600  
(1.2 2 6 0 0  2400  

72h  

25OO 2 5 5  o 

255o 25oo 
26oo 245o 
2 4 0 0  2 o o o  

19OO 15OO 

In  order to get some idea of the electrophoretical homogenei ty  of the purified 
enzyme, we submi t t ed  200 y of the sample to paper  electrophoresis. The exper iments  
were performed at  pH 5-4, 7.4, and 8.6. In  no case could more than  one spot be 
detected on the developed electropherograms. Since IO y (or even less) of protein  are 
still fairly visible on paper, this means tha t  any  impuri t ies  present would not account  
for more than  5% of the sample by  this method.  Some impor tance  should be given 
to the observat ion of a perfectly constant  (within the l imits of exper imenta l  error) 
specific ac t iv i ty  th roughout  the peak eluted from the electrophoresis column. Wi thou t  
being proof of the pur i ty  and homogenei ty  of the material ,  it offers, nevertheless,  
some evidence in its favour. 
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S(TMM.\ RY 

:\ scheme for the preparation of a highly purified glutanlic-aspartic transaminase is reported. 
The methods emph~yed are, precipitation with acetone, ion-exchange chromatography on carboxy- 
methyl cellulose, and zone electrophoresis. A purification degree of 5o is achieved and the enzyme 
obtained is the holoenzvme. When studied in zone electrophoresis, the enzyme preparation 
appears to 1)e a homogeneous protein, as judged from the constant specific activity across the zone. 
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