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We have previously proposed an automatic method for the separation and quantitative determination 
of the methylthiohydantoin derivatives (MTHs) of acid and neutral  amino acids on sulfonated polystyrene 
resins [1, 2]. This method permi ts  the fair ly rapid and simple determination of the amounts of aminoacids  
in the form of their  MTH derivatives af ter  stepwise splitting off by Edman ' s  method, and the quantitative 
t reatment  of the resul ts  is also fairly simple. 

The present  paper  gives the results  of experiments  on the fur ther  improvement  of the method that 
we have proposed and its application in the analysis of short  peptides, In the separat ion of MTH-(amino 
aicd)s on a column, we Used as internal standard MTH-a-aminobutyr ic  acid (MTH-ABA). The MTH-ABA 
is eluted between MTH-Gly and MTH-Val, without interfering with their  determination (Fig. 1). Before 
deposition on the column a small amount of acetic acid, which absorbs in the 235-nm region and issues with 
the front, was added to the solution being analyzed, in addition to the MTH-ABA. Its peak was taken as the 
zero for  reckoning the t ime. 

We have isolated a number of short peptides isolated f rom a thermolys in  hydrolyzat,e of fragment B2 
of porcine pepsin by the method described.  Figure 2 and Table 1 give the results  of an analysis of the pep- 
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Fig. 1. Separation of a mixture of MTH derivatives of amino 
acids in a Hitachi 0.34 amino-acid  analyzer  (conditions: Hitachi 
res in  2612, column 0.9 × 72 cm, t 18°C + 0.5°C,eluent: water,  pH 
3.18 ~0.03, 0 - 3 5  rain, and then a l inear  water /e thanol  gradient 
(300:300), 35 - 340 min; rate of elution 60 ml/h° Absorption: 
1) at 235 rim; 2) at 265 nm. 
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TABLE 1. Analys is  of the Peptide B2Th4-35 
Compositionofpeptide[ Asp 0.17; Ser 0.089; Pro 0.11; lie 0.0'D; Leu 0.089 

~ ~ ' [  cycle of separation 
MTH-(amino acid)s I ' I 2 I '~ I 4 J 5 I 6 

Isoleucine 0,4" 

Aspartic acid 0,,18 
Serine ? 
Leucine 0,38 
Proline O, 16 
Aspar tic acid 0,053 

*Here  and below, the yields  of MTH-(amino acid)s a re  g iven in  
m i c r o m o l e s .  
tSee text.  

TABLE 2. Analys is  of Peptide B2Th5-312 

Composition of peptide 

MTH-(amino acid)s 

Asp 0.318; Thr 0.188; Set 0.174; Glu 0.148;Ile 0.17._3 
cycle of separation 

Isoleucine 0,20 
Serine 0,17 

Aspartic acid 0,25 
Serine 0,021 
Threonine 
Asparagine 

0,11 
0,05 

tide B2Th4-35. In the f i r s t  cycle is spli t  off an amino acid the MTH of which i s sues  at the posi t ion of MTH- 
Ile and MTH-Leu .  The smal l  peak of MTH-al lo isoleucine  is evidence in favor  of isoleucine,  being obtained, 
apparent ly ,  by the pa r t i a l  r acemiza t ion  of the isoleucine during the Edman spl i t t ing-off  p r o c e s s .  An amino- 
acid ana lys i s  of a hydrolyzate  of the shor tened peptide showed that it comple te ly  retained the leucine, while 
the isoleucine was p re sen t  in t r a ce  amounts .  The third amino acid f rom the N end is se r ine ,  but is p roved  
imposs ib le  in this  case  to e s t ima te  the concentra t ion of MTH-Ser .  A s i m i l a r  pa t t e rn  has been observed  
in o ther  cases  of the de te rmina t ion  of the ser ine  content when the ex t rac t ion  of the MTH f r o m  the reac t ion  
mix ture  was p e r f o r m e d  with e ther .  On ex t rac t ion  with ethyl acetate ,  MTH-Ser  i s sues  as a sharp  s y m m e t r i -  
cal peak.  Analys is  of the reac t ion  mix tu re  a f t e r  each cycle  of separa t ion  on a thin l a y e r  of s i l ica  gel ("Silu- 
fol ,"  Czechoslovakia)  agreed  comple te ly  with the resu l t s  of column chromatography .  Consequently,  the 
peptide B2Th4-35 can be ass igned the following s t ruc tu re :  H ~ N - I l e - A s p - S e r - L e u - P r o - A s p .  

To de te rmine  the reasons  for  the low yie lds  of MTHs, pa r t i cu la r ly  in the fifth and sixth cycles ,  we 
analyzed the benzene f rac t ion  col lected a f t e r  all the cyc les .  In the hydrolyzate  we found t r ace  amounts  of 
all the amino acids p r e s e n t  in the pept ide.  Consequently,  ca rbamoylpep t ides  do not pass  into benzene.  
Cons iderable  amounts  o f a s p a r t i c  acid, se r ine ,  prol ine ,  and leucine were  found in a hydrolyzate  of the sub- 
stance that  r emained  in the f lask a f t e r  the sixth cycle .  Thus, the low yie lds  of MTHs can be explained by a 
gradual  oxidation of the methyl th iocarbamoylpept ides  in each cycle of separa t ion .  

The pept ides  B2Th5-312 and B2Th5-4212 contain res idues  of a spa r t i c  acid and threonine {Tables 2 
and 3). The MTHs of these amino acids are  eluted as a single peak, and the re fo re  they were  identified ad-  
ditionally by th in - l aye r  ch romatography  in the ch lo ro fo rm (with 1.5% of e thanol) -CH3COOH (80:20) s y s -  
t em [3]. It was shown with the aid of carboxypept idase  A that the peptide B2Th5-312 has asparag ine  and 
glutamine at the C end. Thus, the s t ruc tu re  of the peptide can be given as H 2 N - I l e - S e r - A s p - T h r - A s n - G l n .  

The degree  of mobil i ty  of the peptide B2Th5-4212 according to Offord is 1. Consequently,  one of the 
aspar t i c  acid res idues  is p r e sen t  in the peptide in the f o r m  of the amide,  and the s t ruc tu re  of the peptide 
will be H2N-Ala-Thr-Pro-Val-Phe-Asp-Asn. 

In the peptide B2Th-362, with the composi t ion  .Asp 0.073 (2), Ser  0.092 (3), Gly 0.035 (1), Val 0.049 
(2), Leu 0.053 (2), we de te rmined  the sequence of only th ree  amino acids:  H2N-Leu-Ser -Ser .  It was i m -  
poss ib le  to spli t  off a single amino acid in the fourth cycle .  Re t r ea tmen t  l ikewise gave no resul t .  

Column chromatography  p e r m i t s  a fa i r ly  rapid and re l iable  identification of the amino acids in the 
f o r m  of the i r  MTHs. In the analys is  of pept ides ,  in each cycle of separat ion,  as a rule,  the MTH of only 
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TABLE 3. Ana lys i s  of the Peptide B2Th5-4212 

Composition ofl3eptide IAsp 0.125; Thr 0.054; Pro 0.075; Ala 0.053; Val 0.052; Phe 0.052 
I cycle of separation 

MTH-(amino acid)s 
f , 2 3 I ~ t 

Alanine 
Threonine 
Alanine 
Proline 
Threonine 
Valine 
Phenylalanine 
Aspartic acid 

O, 42 
0,35 

Traces 
0,30 

Traces 
0,14 

0,093 
0,2 
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Fig.  2. Dete rmina t ion  of the N - t e r m i n a l  sequence 
of the pept ide B2Th4-35: A, B, C, D, E, and F -  
s epa ra t ion  of the r eac t ion  mix ture  a f te r  cyc les  I - V I  
of s epa ra t ion  (conditions the same as in the case  of 
Fig.  1). Absorpt ion:  1) at 235 nm; 2) at 265 nm. 

one amino acid appea r s  on the c h r o m a t o g r a m s .  No aux i l i a ry  peaks  absorb ing  at 235 and 265 nm and i n t e r -  
fer ing with ident i f ica t ion were  observed .  The devia t ions  f rom the r e s idence  t imes  of the MTHs a re  smal l  
and a re  ea s i l y  checked with the aid of the peak of MTH-ABA. The chromatography  of al'iquots of the so lu-  
t ion b e i n g  analyzed on Silufol, which takes  only 20-30 rain, p e r m i t s  MTH-Asp to be d is t inguished f rom MTH- 
Thr  and is  an addi t ional  check.  

EXPERIME NTA L 

The peptides were isolated from a thermolysin hydrolyzate of the B2 fragment obtained in the cleavage 
of porcine pepsin with BrC N [4]. The hydrochloric acid was prepared by saturating distilled water with 
hydrogen chloride. The other reagents were purified by procedures described previously [5]. 

Synthesis of MTHTa-Amlnobutyric Ac!d. To 1 g of a-aminobutyrie acid (Reanal, Hungary) in 25 ml 
of 50% pyridine was added 1 g of methyl isothiocyanate. The reaction was performed at 40°C for 50 rain, 
the pH being kept at 9.0-9.5 with 5 N KOH. Then the reaction mixture was diluted twofold with water, and 
the exces s  of reagent  was ex t r ac t ed  with benzene.  The aqueous phase  was evapora ted  in a r o t a ry  evapo-  
ra to r ,  and 10 ml of 1 N HC1 was added to the dry  res idue  and it was boi led for  10 rain. The white c r y s t a l s  
that  s epa ra t ed  out when the solution cooled were  f i l t e r ed  off and r e c r y s t a l l i z e d  f rom ethanol,  mp 122-124°C; 
composi t ion  C6H10N2OS. In ch lo ro fo rm containing 1.5% of ethanol on Silufol the MTH-ABA had R f  0.4. The 
MTH-ABA was eluted f rom a column as one s y m m e t r i c a l  peak with a r e s idence  t ime  of 78 rain and a K 
value of 12.39. The spec t rum of the MTH-ABA coincided comple te ly  with that of MTH-Val and had E265 
15,660 and E2~ 9056. 
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E d m a n ' s  Method. To a solution of 0.5 #mole of peptide in 0.7 ml  of 50°~ pyr idine containing t r i e thy l -  
amine (0.01 ml  of t r i e thyIamine  to 10 ml  of 50% pyridine)  was added 10-15 rag of methyl  isothiocyanate .  
Carbamoyla t ion  was p e r f o r m e d  at 40°C in an a tmosphere  of ni t rogen for  1 h [5]. The solution was evapo-  
rated,  and the thin f i lm was washed three  t imes  with benzene,  T r a c e s  of benzene were  e l iminated in the 
vacuum of an oil pump.  Then the dry res idue was t r ea t ed  with 0.7 ml  of a mix ture  of hydrochlor ic  and 
acet ic  acids (2 ml of 5.7 N HC1 +3 ml  of CH3COOH +4 ml  of H20), the tube was filled with nitrogen, and 
the cycl iza t ion  p roce s s  was p e r f o r m e d  at 40°C for  1.5 h. The reac t ion  mix ture  was diluted twofold with 
water ,  and the MTH was ex t rac ted  with e the r  (3 × 2 ml); 1,'10 of the combined e therea l  ex t r ac t  was analyzed 
on a Silufol plate  and 9/10 on a column. 

Analysis  of the MTH-(Amino Acid)s on a Column. The MTH-(amino acid)s were  separa ted  in a Hitachi 
0-34 automat ic  liquid ch romatograph  [2]. A column (0,9 x 70 cm) containing r e s in  2612 (with a pa r t i c le  
d i ame te r  of 16 p) equi l ibra ted  with wa te r  at 180C was used. Af ter  evapora t ion  of the e the rea l  extract ,  the 
dry res idue in the f lask was t r ea t ed  with 0.15 ml  of ethanol, 0.026 ml  of 17.5 N CH3COOH, 0,2 ml of a solu-  
tion of MTH-ABA (~0.5 #mole), and 0,35 ml  of water .  This solution was deposited on the column, The col -  
umn was filled with water ,  a f te r  which elution with water  acidified with hydrochlor ic  acid to pH 3.18 ± 0.03 
(5 ml) was begun, and this was followed with a l inea r  gradient  of ethanol (wa te r - e thano l ,  800 : 300) at the 
ra te  of 60 ml /h ,  The MTH-(amino acid)s were  recorded  at 235 and 265 nm. 

SUMMARY 

1. MTH-~-Aminobutyric acid has been synthesized and has been used as an internal standard in the 
column chromatography of MTH-(amino acid)s. 

2. The column chromatography of MTH-(amino acid)s has been used in the analysis of short peptides 
isolated from a thermolysin hydrolyzate of the B2 fraglhent of porcine pepsin. 
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