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Aspar ta te  a -ke tog lu ta ra t e  t r ansamines  (E.C. 2 . 6 . 1 . 1 )  f r o m  p i g - h e a r t c y t o s o l  cons is t s  of two ident i -  
cal subunits with reel .  wt. 46,340, each  of which contains five SH groups [1, 2]. These  SH groups  can be 
c lass i f ied  in the following way [3-8]: 

a) two readi ly  access ib le ,  reac t ing  with iodoacetate without reduct ion in the activity of the enzyme;  

b) two complete ly  masked ,  access ib le  to reagents  only a f t e r  the denaturat ion of the protein;  and 

c) one pa r t i a l  masked ,  functionally important ,  and apparent ly  located in the region of the act ive cen-  
t e r  of the enzyme.  The l a s t -ment ioned  group is inaccess ib le  to alkylating reagents  in the absence of sub-  
s t r a t e s ,  but can be blocked by p - m e r c u r i b e n z o a t e  at pH 4.6 [3]. In the p r e sence  of an amino and keto sub- 
s t ra te ,  i .e. ,  during the action of the enzyme,  it is subjected to syncata lyt ic  modificat ion of N-e thy lma le -  
imide or  5 ,5 ' -d i th iobis (2-ni t robenzoate)  with 95% suppress ion  of the enzyme activi ty [5, 6]. We [7], and 
also B i r c h m e i e r  et al. ,  [6] have found that this SH group belongs to the cysteine residue occupying posi t ion 
390 in the peptide chain of the enzyme.  

The p re sen t  pape r  gives the r e su l t s  of the identification of the readi ly  access ib le  and the comple te ly  
masked  SH groups  of a spa r t a t e  t r ansaminase  f r o m  p i g - h e a r t  cytosol .  

The readi ly  access ib le  cyste ine  res idues  were  label led in the native enzyme by alkylat ion with [14C] 
iodoacetic  acid.  Then the pro te in  was digested with t ryps in  and the hydrolyzate  was invest igated by p a p e r  
e l ec t ropho re s i s  at pH 6.5. The e l e c t r o p h o r e t o g r a m  showed two radioact ive  bands:  a band coinciding in 
mobil i ty  with neutral  amino acids and a band migra t ing  on e l ec t ropho re s i s  in the d i rec t ion  towards the 
anode. Both bands were  cut out, s t i tched to new sheets  of paper ,  and chromatographed .  The radioauto-  
g r a m s  of the peptide map showed that each of the bands contained one radioact ive  peptide.  The R f  values 
of these pept ides  were  ~ 0.19 and ~ 0.35. Then the peptides were  purif ied by e l ec t ropho re s i s  at pH 3°5 and 
by r ech roma tog raphy .  The peptide with neutra l  p rope r t i e s  (less mobile on chromatography)  contained 
threonine at the N end and arginine at the C end. An amino-acid analys is  of an acid hydrolyzate  of this 
peptide showed the p r e sence  of the following amino acids (gmole): Cys(CM) 0.017, Thr  0.019, Ser  0.025, 
Ala 0.026, Arg 0.023, and t r a c e s  of Gly. Thus, the peptide may be shown in the f o r m  Thr[Cys(CM), Ala, 
Ser]Arg.  

On compar ing  the s t ruc tu re  of the peptide with the p r i m a r y  s t ruc tu re  of the t r ansaminase ,  it can be 
seen that we had isolated the peptide 81-85 including the Cys-82 res idue .  

The peptide with m o r e  acidic p r o p e r t i e s  also had threonine at the N end and arginine at the C end. 
The N - t e r m i n a l  segment  of the peptide had the sequence T h r - A s p - A s p .  The composi t ion  of this peptide 
was de te rmined  by the quanti tat ive dansyl method;* in addition to those a l ready mentioned, the amino acids 
Cys(CM), Glu, Pro,  Val, and Leu were  found. Consequently,  the peptide can be r ep re sen ted  in the form:  
T h r - A s p - A s p [ C y s { C M ) ,  Glu, Pro,  Val, Leu]Arg. On compar ing  its composi t ion with the p r i m a r y  s t ruc tu re  
of the enzyme (see [2]), it may be concluded that this peptide contains the Cys-45 res idue .  The masked  

*The pepttde was obtained in low yield and was t he re fo re  not subjected to quanti tat ive amino-acid ana lys i s .  
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cysteine res idues  were  labelled se lec t ive ly .  On peptide maps  of an acid hydrolyzate,  only one radioact ive 
spot was found, which coincided in e lec t rophore t ic  and chromatographic  mobi l i t ies  with a s tandard sample  
of ca rboxymethylcys te ine .  It follows f rom this that under  the conditions of our  expe r imen t s  the [14C] iodo- 
acetic acid reac ted  only with the cyste ine  res idues  in the prote in .  

The carboxymethyla ted  enzyme was digested with t ryps in  and the digest ion products  were  separa ted  
b y p a p e r  e l ec t rophores i s  at pH 6.5. The e l ec t ropho re tog ram showed two radioact ive  bands:  a band coin-  
ciding in mobi l i tywi th  the neutral  amino acids and a band remaining at the posi t ion of deposit ion and ob- 
viously belonging to a la rge  "core"  (heart) peptide.  The neutral  radioact ive  band was cut out, st i tched to 
a new sheet of paper ,  and chromatographed,  a f t e r  which two radioact ive  spots separa ted .  The spots dif- 
fered considerably  in chromatographic  mobil i ty  (Rf values 0.2 and ~0.5). The m o r e  mobile spot contained, 
as we have es tabl ished previously ,  a peptide with the functionally important  Cys-390 residue [7]. The rad io-  
active peptide p re sen t  in the l ess  mobile spot was purif ied by e l ec t rophores i s  at pH 3.5 and was ch romatog-  
raphed. It was found that i ts  N- te rmina l  residue was ty ros ine  and its C - t e r m i n a l  residue lysine.  Then the 

p e p t i d e  was digested with chymotryps in  (4 H, 37°C, pH 8). Two new radioact ive  f r agments  were  produced,  
one of which (obtained in higher yield) was purif ied and analyzed.  The N- te rmina l  res idue in it proved to 
be glutamic acid and the C - t e r m i n a l  residue phenylalanine.  The sequence Glu -Leu-Phe  was found in the 
N- te rmina l  segment  of this peptide f ragment .  An amino-ac id  analysis  of an acid hydrolyzate  showed the 
following amino acids (/~mole): Cys(CM) 0.018,* Glu 0.062, Ser  0.026, Ala 0.032, Leu 0.028, Phe 0.054. 
Consequently, the peptide f ragment  found can be r ep resen ted  in the fo rm Glu -Leu-Phe  [Cys(CM), Ala, Glu, 
Ser] Phe. 

The resu l t s  of a compar i son  of the s t ruc tu re  of this f ragment  with the p r i m a r y  s t ruc tu re  of the en-  
zyme (see [2]) pe rmi t t ed  the conclusion that it contained the Cys-252 res idue.  

Thus, in addition to the prev ious ly  identified functionally important  cyste ine  residue (Cys-390) we 
have also identified the two readi ly  access ib le  res idues  (Cys-45 and Cys-82) and one comple te ly  masked  
cysteine res idue {Cys-252). It may  be assumed  that the second complete ly  masked  cysteine residue (ob- 
viously Cys-191) is p r e sen t  in the l a rge  "core"  pep t idewhich  does not move f r o m  the s t a r t  in pape r  e l ec -  
t rophores i s .  

EXPERIMENTA L 

Mater ia l s .  The enzyme was purif ied and its activity was measu red  as descr ibed  prev ious ly  [3, 9]. 
The number  of SH groups  was de te rmined  by t i t ra t ion  with p - m e r c u r i b e n z o a t e  by Boye r ' s  method [10] and 
also by means  of E l lman ' s  reagent .  T ryps in  was used which had been t rea ted  with d iphenylcarbamoyl  chlo-  
ride (PL-Biochemica ls ,  Inc.), chymotryps in  (A grade) and carboxypept idases  A and B (Calbiochem), and 
[2-14C] iodoacetic acid (Radiochemical Center ,  A m e r s h a m ,  England), which was diluted with "cold" iodo- 
acet ic  acid to a specif ic  radioact ivi ty  of 8 mCi pe r  mmole .  

Digestion of the Pro te in  with Tryps in .  The p r o c e s s  was p e r f o r m e d  in 1% NHaHCO 3 solution (pH 8, 
37°C, 22 h); the t ryps in  was added in two port ions,  each being 1/50 of the weight of the t r an saminase .  The 
peptides were  purif ied by e l ec t ropho re s i s  and were  chromatographed  on Whatman 3 MM paper .  The radio-  
active peptides were  revealed  on the p a p e r  by radioautography on RT-2  x - r a y  f i lm (exposure t ime 48 h). 
E l ec t rophores i s  was p e r f o r m e d  on a sheet  of p a p e r  a r r anged  ver t i ca l ly  and i m m e r s e d  in a chambe r  with 
the cooling liquid (white spir i t )  at a voltage of 70 V / c m  at pH values of 6.5 and 3.5. Chromatography  was 
p e r f o r m e d  in the p y r i d i n e - b u t a n - l - o l - a c e t i c  a c i d - w a t e r  (10 : 15 : 3 : 12) sys t em.  The peptides were  hy- 
drolyzed in 5.7 N HC1 (105°C, 22 h) in tubes sealed under  vacuum. The amino-ac id  composi t ions  of the pep-  
t ides were  de te rmined  on Bio-Cal  model BC 200 and Beckman Unichrom ana lyze r s .  

The N- and C - t e r m i n a l  amino-ac id  res idues  were  found by the dansyl method [11] and the C - t e r m i n a l  
res idues  a f te r  c leavage with carboxypept idase  A or  B. Incubation with the carboxypept idases  was p e r f o r m e d  
in 0.2 M N-ethylmorphol ine  acetate  buffer  (pH 8.5, 370C, 2 h); the enzyme was added in an amount of 10 7 
pe r  ~ 0.02 #mole of peptide.  The sequences  of the res idues  in the pept ides  were  de te rmined  by a mic ro  
modif icat ion of Edman ' s  method in combinat ion with dansylat ion [11, 12]. The dansylamino acids were  
identified by two-dimensional  chromatography  on p la tes  with a thin l aye r  of type KSK si l ica  gel. 

Identif icat ion of the Readi ly Access ib le  Cysteine Residues .  2-Mercaptoethanol  in a twofold excess  
with respec t  to the number  of readi ly  access ib le  SH groups  of the pro te in  was added to a solution of the en-  

*The low yield of ca rboxymethylcys te ine  is a genera l  phenomenon in the pur i f ica t ion of pept ides  on p a p e r  
[13]. 
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zyme in 0.1 M t r i s -HC1 buffer ,  pH 8.0; the mix ture  was incubated for  1 h, a f t e r  which neut ra l ized  [14C] iodo- 
acet ic  acid was added to it in fivefold excess  on the total  number  of f ree  SH groups .  The final concen t ra -  
t ion of [14C]iodoacetic acid was 4-8 mM and the concentra t ion  of p ro te in  8-16 nag/m].  The mix tu re  was 
incubated at room t e m p e r a t u r e  in the dark  fo r  22 h. Under  these conditions only the readi ly  access ib le  
SH groups  a re  alkylated [3]. The comple teness  of the alkylat ion reac t ion  was followed by means  of E l l m a n ' s  
reagent .  Then the solution of the enzyme was dialyzed to e l iminate  the [14C]iodoaeetic acid that had not 
reac ted ,  a f t e r  which t hep ro t e in  was denatured in 8 M u r e a  {pH 8, 37°C, 3 h) in the p r e sence  of an excess  
of "cold" lodoaceta te .  The u r e a  and the iodoacetate were  e l iminated by dia lys is  against  0.001 N HC1 at 
4°C, and the pro te in  was digested with t ryps in  and f r e e z e - d r i e d .  The dry  res idue was dissolved in 0.05 N 
NH4OH and deposited on p a p e r  for  the p e r f o r m a n c e  of e l ec t ropho re s i s  at pH 6.5. 

Identif icat ion of the Masked Cysteine Res idues .  F i r s t  the readi ly  access ib le  SH groups  were  blocked 
by incubating the native enzyme with 0.05 M nonradioact ive  iodoacetate (pH 8, 4°C, 24 h). The excess  of 
iodoacetate  was e l iminated by dialysis ,  and then the masked  SH groups were  label led by alkylat ion with 
[14C]iodoacetic acid in the p r e s ence  of 8 M u rea .  Neutral ized [14C]iodoacetic acid was added in an amount 
of 6 /~mole pe r /~mole  (46.5 mg) of p ro te in .  The mix tu re  was incubated in the dark {pH 8, 37°C, 3 h). Then 
to it was added an excess  of 2 -mercap toe thano l  and it was heated at 90°C for  5 min.  The reagents  were  
e l iminated  by d ia lys is  against  0.001 N HC1 at 4°C. After  dialysis ,  pa r t  of the pro te in  solution was f r e e z e -  
dr ied and hydrolyzed in 5.7 N HC1 (105°C, 22 h). 

SUMMARY 

The two readi ly  access ib le  cyste ine  res idues  {Cys-45 and Cys-82)  and one comple te ly  masked  res idue 
(Cys-252) in the polypeptide chain of a spa r t a t e  t r a n s a m i n a s e  have been identified. The second comple te ly  
masked  cyste ine  res idue  is Cys-191.  
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