
~,lthough there are several methods available for t[ 
ng free amino groups in peptide chains, there are fe 
mination of C-terminal residues, and even these are 
SCHLACK AND KUMPF reported the first method fo 

le of a peptide, which consisted in its conversion 
ntoin II, scission of the latter to yield a 5-alkyl-2-thk 

A c s O  

- - - N H C H R ' C O N H C H R C O O H  N~,CNS--> - - N H C H  

I 

- - N H C H R ' C O O H  + H N  

. L X  t ~ ' , J - -  ± ~ - - k . , L ' 1 1 X .  

I I 
S = C  C = O  

II N 
H 

--> H~NCHRCOOH 

Ltives of certain simple peptides were favoured for studyin 
the peptide fragment I I I  and subjection of it to their pr( 
F showed that  stepwise degradation was possible in sort 
Lsed by NICOLET to elucidate the structure of glutathione 
hods of identifying C-terminal residues have been reporte¢ 
by reaction of the peptide with di-4-tolyl-carbodiimide 
dnal residue to an a-amino alcohol by means of lithim 
lm boron hydrideS; the anodic oxidation of the C-termin~ 
nino-methoxy residue that  may be hydrolyzed to an ald( 
e may prove to be quite valuable, none of them appeare 
ion nor to have such a favourable chemistry as the thk 
the investigations already cited 8, 4, in recent years othel 
ng the thiohydantoin method, notably TIBBS 1°, and WALE 
orted b y  a g r a n t  f rom t he  Na t iona l  Science F o u n d a t i o n .  

H~O 

III  

of IV 3. The N-benzoyl derivatives 
the method. By isolation of the 
cedure, SCHLACK AND K U M P F  

instances. The method was used 
More recently other methods 

the formation of acylureas by 
the reduction of the C-termi 
aluminum hydride e, ~ or sodium 
residue in methanol to an amino-me 
hyde 9. While the last of these 
to be of such wide application 
hydantoin method. Besides the 
have reported procedures usin 

* Th i s  inves t iga t ion  was  suppor t ed  

Relerences p. 559. 

. . . . . . . . . . .  v . . . . . . . . . . . . . . .  

[ ' E R M I N A L  R E S I D U E S  I N  P 

[ F O R M A T I O N  OF T H I O H Y ]  

b y  

I N E R  AND G E R T R U D E  S C H M E R Z I  

, College o] Medicine, State University oj 
Brooklyn, N. Y. ( U.S.,4 .) 

INTRODUCTION 

the detern 
few metho 

of uncert 
for identif, 

into a I 
d-2-thiohydanto 

~ R ' C O - - N  

H,O 
C H R  

I I 
S = C  C = O  V 

IV N 
H 

methox' 

A N D  

residues 
e to the 
~ss 1, *. In 
terminal 
'l-2-thio- 
isolation 

Lying 
) to -  

some 
Lthione 4. 

ed: 

hium 
terminal 

aide- 
,eared 

:hio- 
others 

W A L E Y  



ials 
?he pep t ides  were syn thes i zed  as descr ibed by  TURNER 16 or 
lsed f rom the  W o r t h i n g t o n  Biochemica l  Sales Corp• 

tative Procedure/or Peptides 
kbout 3o m g  of pep t ide  dissolved in 3 to 4 ml  of a solut ion c 
ras t r ea t ed  w i th  15 m g  of a m m o n i u m  t h i o c y a n a t e  and  heat¢ 
The m i x t u r e  was  s h a k e n  seven  t i mes  wi th  8 ml  por t ions  of p~ 
:h t ime  w i th  a p ipe t te .  T he  g u m m y  res idue  was  dissolved in ,~ 
ke t he  p H  12.5 or higher .  W h e n  t he  solut ion h a d  s tood  for i 
ulfuric acid to p H  6. 5. B a r i u m  sul fa te  was  r e m o v e d  b y  cent r i f  
solut ion wi th  io  ml  por t ions  of e thy l  ace ta te ,  t he  un i t ed  e: 

ness,  The  r ema in i ng  ma te r i a l  was  d i lu ted  w i t h  wa te r  to a v c  
wi th  e thy l  a ce t a t e  as before. T he  un i t ed  ex t r ac t s  were dr ied 
d to d rynes s  in a smal l  c o m b u s t i o n  t ube  wi th  t he  aid of a st 

) roteins were hand l ed  in a s l ight ly  different  m a n n e r  in sore( 
)n of t h e  p ro te in  as  possible  in t h e  acetic acid tv. For  examp]  
ns, witt i  ag i ta t ion ,  to  t he  cold acetic acid solut ion.  A fracti, 
t ted,  fo rmed  g u m m y ,  insoluble  par t ic les  t h a t  did  no t  dissolve 

• With Hydrobromic Acid. T he  res idue  of t h i o h y d a n t o i n  in " 
o for six hou r s  wi th  o.2 ml  of 48% h y d r o b r o m i c  acid. The  c 
rater ,  filtered, a n d  dist i l led to  d r y n e s s  in vacuo. Addi t ion  of 

s t r e a m  of n i t rogen.  

some  cases  in order  to effect as m m  
)le, o v a l b u m i n  was  added  in sm~ 

on of t he  protein,  a p p a r e n t l y  d 
did  no t  dissolve du r ing  t he  period of heat ing•  

t he  c o m b u s t i o n  t ube  was  heat t  
c o n t e n t s  of t he  t ube  were dilutt  

wa t e r  and  dis t i l la t ion to  d ryne  
lines. T he  res idue  was  dissolved in o. 3 ml  of wa te r  for use  in p a p  

T he  res idue  in t he  c o m b u s t i o n  t ube  was  hea t ed  a t  i4  o° for fi, 
n hydrox ide .  Af te r  t he  t u b e  was  opened,  a s t r e a m  of ca rbon  dioxb 

un t i l  t h e y  were a p p r o x i m a t e l y  neut ra l .  R e m o v a l  of t h e  ba r iu  
on, and  t he  f i l t rate  was  concen t r a t ed  before use  in pape r  c h r o m a t o  

lino acid mo i e t y  n e x t  to  t he  C- te rmina l  one, t he  a q u e o u s  soluti~ 
ms w i t h  e t hy l  ace t a t e  was  lyophil ized,  and  t h e  res idue  was  sub jec0  

t h i o h y d a n t o i n  IV, t he  t e r m i n a l  a m i n o  acid V was  identif ied t 
7. T h e  m o s t  f r equen t l y  used  so lven t s  were n - b u t a n o l : a c e t i c  aci 
t : 5 ; and  pheno l :  water ,  4 : i ( a tmosphe re  of ammonia ) .  I n  order  
r igat ing so lven t  t e r t i a ry  b u t y l  alcohol : b u t a n o n e  : wa te r :  88 % form 
6o: 39: i ,  was  emp l oyed  xs. 

Degradative Procedure/or Proteins 
Pro te ins  

so lu t ion  
por t ions ,  
n a t u r a t e d  

Hydrolysis o[ Thiohydantoins 
a .  

at 15 °0 
wi th  wate r  
were r epea ted  a l t e rna t e ly  th ree  t imes .  
c h r o m a t o g r a p h y .  

b. With Barium Hydroxide• 
hou r s  w i th  3.o ml  of 1.2 N b a r i u m  h , 
was  pas sed  t h r o u g h  i ts  c o n t e n t s  
c a r b o n a t e  was  effeeted by  f i l t rat ion,  
r a p h y .  

Penultimate Residues 
I n  order  to  iden t i fy  t he  a m i n o  

r e m a i n i n g  af te r  t he  first ex t r ac t i ons  
to  t h e  p rocedure  descr ibed above.  

Paper Chromatography 
Fol lowing hydro lys i s  of t he  

m e a n s  of pape r  c h r o m a t o g r a p h y .  
wa t e r  in v o l u m e  p ropor t ions  4 : i  
d i s t ingu i sh  Leu  f rom Ileu, t he  irri 
acid in v o l u m e  p ropor t ions  16o :16o : '  
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i g a t i o n  w a s  i n  p r o g r e s s ,  BAPTIST 

m i n o  a c i d s  a f t e r  h y d r o l y s i s  o f  t h (  

i f r o m  p e p t i d e s l L  A t h o r o u g h  s t u d  

t c i d s  h a s  b e e n  r e p o r t e d  b y  SWAN 1: 

t e g r a d a t i o n ,  s u i t a b l e  c o n d i t i o n s  fc 

a p o r t a n t  a i m  is  t o  a c h i e v e  a r e l i ak  

l i m i t  t o  s t e p w i s e  d e g r a d a t i o n  o f  a 

) n  o f  a n  e n t i r e  p r o t e i n  s t r u c t u r e  a 

i n e d  t h r o u g h  p a r t i a l  h y d r o l y s i s ,  a 

) r o t e i n  f r o m  t h o s e  f o u n d  i n  t h e  fr~ 
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lone. The following exper iment  exemplifies this. 
?hthaloyl-glycyl-phenylalanine was converted to the acyl-th 
tubes. In  tube  A, af ter  the extract ions wi th  pet roleum ether 
l t ra ted  ammonia  solution at  room tempera ture  for one hour 
d wi th  I N sodium hydroxide for one hour. In  the cases of b 
mid, tile th iohydanto in  was  extracted with several portions 
:ts were dried and evaporated.  The residue was hydrolyzed 
[ation was performed with  I N sodium hydroxide as for the cas 
~tracted in two series in the manner  given under  the procedm 
Latography of the acid hydrolyzates  gave the following result 
,pproximately equal in intensi ty;  from tube B, a spot  of Phe 
Lube C, a single spot  of Phe. 

RESULTS AND DISCUSSION 

['he C-terminal residues, and some C-penultimate res 
and proteins through the use of the thiohydantoin m( 
:t has been established that  a I-acyl-5-alkyl-2-thioh, " 
lkyl-2-thiohydantoin IV in a few minutes in o . IN  alk~ 
',rformed with hot, dilute hydrochloric acid t°, ~2. The 
erature appeared less drastic, and as it has been sho,~ 
)ractically complete in one hour in O.OlN alkali n, the 
to allow the acyl-thiohydantoin to stand for ninety 1 
!on at p H  12.5 or somewhat higher. Concentrated am 
lsatisfactory; it would be so, in any event, when st, 

residues, found for several pe 1 
method, are listed in the Tabl 

ydantoin I I  is hydrolyzed t 
alkalP~, 20. Deacylation may al, 

use of dilute alkali at roo~ 
shown in one case that  hydrolys 

the procedure followed here h~ 
minutes in barium hydroxic 

ammonia solution was found 1 
stepwise degradation was col 

ragment I I I  is not formed, but rather its arnide 3. 
:ractions of the thiohydantoin IV frees it from substanc( 
~ith it. Obviously, if the peptide fragment I I I  detache 
Led with the thiohydantoin IV, the result is the same as 
place, and the acyl-thiohydantoin I I  had been extracte( 
ulty when only a single series of extractions was performe 
)tide I I I  having som¢ solubility in ethyl acetate. When Il 

chain, no difficulty was encountered. Solubility may n( 
~d, for thiohydantoins are weak acids (pK 9.1) 21 and ma 
ides. In the case of phthaloylglycyl-phenylalanine, whe 

was performed, glycine as well as phenylalanine appeare 
observation may be explained as due to some extractio 
with the the double series ( 
chromatogram which had a single spot of phenylalanin 

I t  
a 5-alk 
be performed 
temperature 
was practically 
been 
solution 
be unsatisfactor 
templated, for the peptide fragJ 

The double series of extraction 
that  tend to be extracted with 
during deacylation is extracted 
deacylation had not taken r 
The cases which offered diffficult' 
were those that  yielded a p e  F 
was a once degraded protein 
be the only property involved 
tend to associate with peptides. 
only one series of extractions 
on the chromatogram. This 
of phthaloyl-glycine along 
extractions led to a cleaner 
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4 ° 

d wi th  insulin. In  the first, 5o mg of ii 
The protein  dissolved readily and coml~ 
oma tog raphy  a single spot  of Ala was 
of insulin and 20 mg of a m m o n i u m  thk 

ydride in acetic acid and allowed to rema 
it format ion of an acyl- th iohydantoin  

acyl- th iohydantoin  in the usual way 
m hydroxide.  Paper  ch roma tography  r~ 
anine. 
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Phthaloyl-glycyl-phenylalanine Phe 
Phthaloyl-/5-alanyl-serine O 
Leucyl-glycyl-glycine Gly 
Glycyl-phenylalanyl-glycine 
Leucyl-prolyl-glycine 
Glutathione 

Proteins 
Bacillomycin t~ Tyr 
Insulin 
Ovalbumin Ala 
Ovomucoid 

Hydrolyses of thiohydantoins were performed with hydrobron 
tultimate residues are given in parentheses. 
Hydrolysis of the thiohydantoin was performed with barimn 

Among the dipeptides, alanyl-methionine gave a s 
lm hydroxide was used to hydrolyze the th iohydant  
used several spots appeared on the chromatogram.  2 
I methionine itself was heated with hydrobromic  ac 
ns. I n  both  instances there was considerable decomp, 
After subjection to the th iohydantoin  procedure p: 
)ot on the chromatogram.  SWAN has been unable to ] 
e 13. BAPTIST AND BULL identified a small amount  of 

sat isfactory result only wh 
rdantoin. When  hydrobromic  ac 

A similar result was obtain, 
acid under  the hydrolyt ic  co 

msition. 
phthaloyl-fl-alanyl-serine ga' 

prepare a th iohydantoin  fro 
alanine when serine was um 

one glycine ought  to be revealed as a C-terminal residu 
revealed under  certain conditions. After de tachment  of tl 

lution would be expected to contain the th iohydantoin  
thiohydantoin-5-yl)-propionyl)-cystine.  If  the lat ter  su 
T1 acetate, then the chromatogram would be expected 
rid and cystine as well as glycine. Under  our conditiol 
a faint spot of glutamic acid. 
nyl-glycine was subjected to the procedure, glycine w 
tm; after a second degradat ion phenylalanine was reveale 
lycine was not  as satisfactory, for the first degradati( 
l, leucine. The method  cannot  succeed when proline is t] 
ine cannot  form a thiohydantoin.  Hence the second degra 
:ted to reveal no amino acid at all. The fact  tha t  leucine w 
[eucyl-prolyl bond  was hydrolyzed to a considerable degr 

barium 
W a S  

when 
ditions. 

After 
no s t 
serine 13. 
in their procedure TM. 

In  the case of glutathione 
while glutamie acid might  be 
acyl  residue the alkaline solution 
glycine and N,N'-bis-(fl-(2-thioh 
stance were soluble in eth~ 
reveal spots of glutamic acid 
glycine was identified, with 

When  glycyl-phenylalanyl-gly 
revealed on the chromatogram;  
The case of leucyl-prolyl-gl} 
revealed glycine; the second 
C-terminal residue since proline 
ation might  have been expected 
revealed indicates tha t  the leuc' 
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T A B L E  I 

D C-PENULTIMATE RESIDUES OF P E P T I D t  

ED BY THE THIOt iYDANTOIN METHOD 

S ubstances Residues found* 

e Gly (Leu) 
onine Met * * 

His 
flanyl-asparagine Asp 
danyl-leucine Leu 
danyl-tyrosine Tyr 
zcyl-histidine His 

Gly (Phe) 
Gly (Leu) 
Gly, Glu 

Ala, Asp** 

Phe (Leu) 

7drobromic acid un 

hydroxide 
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In our earlier report on the thiohydantoin method i 
~d alanine as the C-terminal residue 17. I t  had been re 
n with carboxypeptidase, that  alanine was at least on, 
~ver, in these studies diisopropylfluorophosphate w: 
n of proteolytic enzymes in the sample of carboxyp( 
;iments with diisopropylfluorophosphate no C-termi 
irs that  there is no C-terminal residue in native oval 
of ovalbumin in warm acetic acid has been observed 
ydantoin method is doubtless the C-terminal residu 
e first studies on ovalbumin with carboxypeptidase i 
)phosphate, alanine appeared by itself during the ea 
quently other amino acids appeared together rather 
that  the proteolytic enzymes functioned in denatl 

n molecule, so that  unexposed C-terminal residue beca 
dase, the results of the experiments with carboxy[ 
)ropylfluorophosphate and the results from the appl 
od are in harmony. At the present state of our kno 
e ovalbumin has no accessible C-terminal residue, the 

kpplication of the thiohydantoin method to a samF 
') revealed spots of alanine and aspartic acid altho~ 
tuite weak. Previously, WALEY AND WATSON, usin~ 

denaturing or untolctmg the ova 
C-terminal residue became accessible to the carbox! 

:ypeptidease in the absence , 
)lication of the thiohydantoi 

knowledge it appears that  whi 
the denatured protein has a sing 

ple of crystalline zinc insulJ 
although the spot of aspartic acJ 

g the thiohyd~ntoin methoq 
rminal residue, with a trace of a substance having the sail 
n view of the work of GANGER AND THOMPSON, who showe 
insulin gave cysteyl-asparagine as a fragment after enzyn 
ork of HARRIS, who obtained asparagine by hydrolysis ( 
se ~, it was important  to demonstrate the presence of a 

~terocyclic c o m p o u n d s  are  k n o w n  to be easi ly deacyla ted .  Lil 
idazoles are r ap id ly  hydro lyzed  22. Since severa l  pep t ides  havi i  
have  been  found  in a par t i a l  hyd ro lyza t e  of vasopress in  ~3, t he  faci 

)e general .  The  selective hydro lys i s  of prol ine pep t ides  is w o r t h y  

FROMAGEOT and  Dr. D. STEINBERG for p r i va t e  c o m m u n i c a t i o n s  C 
n of t he  m a n u s c r i p t  to t he  edi tor  a c o m m u n i c a t i o n  b y  STEINB~ 
n. Soc., 75 (I953) 4875) in wh ich  t he  a u t h o r  w i t h d r a w s  his  earli  
a native ova l bumi n ,  a n d  pos tu l a t e s  t h a t  t he  a l an ine  res idue  becom 
~r open ing  of t he  p ro te in  molecule  wh ich  is ca t a lyzed  b y  a contalx  
~tidase preparation.  

peptidase, 
diisopro] 
method 
native 
C-terminal residue, viz., alanine. 

A 
(Lilly) 
was q 
had found alanine as the C-terminal 
RF value as aspartic acid n. In 
that  the A chain of oxidized 
atic hydrolysis*S; and the work 
insulin with carboxypeptidase ~, 

* N-acy l  de r iva t ives  of N-heter ,  
I - acy l - t h iohydan to in s ,  i - acy l - imidazo les  
prol ine  as the  N- t e rmina l  res idue  
release of t he  acyl  mo ie t y  m a y  be 
f u r t h e r  s t u d y  24. 

* The  a u t h o r s  t h a n k  Prof.  C. 
th i s  subjec t .  Since t he  submis s ion  
has  been pub l i shed  (J.  A m .  Chem. 
c la im t h a t  a lan ine  is C- te rmina l  in 
ava i lab le  on ly  a f te r  a p r e l i m i na ry  
n a t i n g  e n z y m e  in the  carboxypept idase  
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e the reaction conditions are mild 
asceptible to hydrolysis*. 
toin method to the identificatior 
1 found that  in ovomucoid the C 
e has been identified by reduction 
en the thiohydantoin procedure 
sidue revealed was leucine. Thus t[ 
but since a prolyl residue, for ex 

alanine residues and yet lead to l 
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J 1 

s that  asparagine is a C-terminal residue of insulin. ¥ 
hers=6,2:, we are unable to account for the failure tc 
rots of alanine and aspartic acid, which would be ex 
known of the structure of insulin. 
Fhe revealing of asparagine as one of the C-termin~ 
)lished by hydrolysis of the thiohydantoin intermed 
rather experiment hydrobromic acid was employed 
ne was revealed. This result confirms that  of WALEY 
abromic acid n. 
In relation to investigations of bacillomycin B, a fur 
lus subtilis 2s, ~9, it has been found that  this polypepti  
• tic acid, glutamic acid, serine, threonine, and tyrosin 
evealed tyrosine as the C-terminal residue. 

I'he thiohydantoin method is applicable to the step 
)roteins on a small scale. In  hydrolyzing the thiohy( 
)bromic acid is usually satisfactory'  in some cases " 
r reagent and causes less decomposition of the amir 
ally successful for most of the common, neutral a~ 
minal resi~tue is serine or proline; or when, as other i 

pwise degradation of peptid 
'dantoins of terminal residu 
barium hydroxide is a mu( 

amino acid. While the method 
amino acids, it fails when tt 

investigators have found, tt 
u tamm acid ~a, lysine 12, or argininelL However, asparagii 

,nk Dr. GEORGE W. ANDERSON of the American CyanamJ 
s; Dr. OTTO K. BEHRENS of Eli Lilly & Co. for a sample ( 
FTER of the Wyeth  Inst i tute of Applied Biochemistry f¢ 
is a pleasure to acknowledge helpful discussions with D 

has been applied to the stepwise degradation of peptide chains fro 
procedure, the thiohydantoin intermediate formed from the peptid 
eric anhydride, was deacylated with barium hydroxide; the thi 
her substances by means of a double extraction and then hydrolyz¢ 

The 
and t 
hydrobro 
better  
generally 
C-terminal 
residue is aspartic acid ~a, glut 
is detectable. 

The authors wish to thank 
Co. for samples of tripeptides; 
insulin; and Dr. JOSEPH SEIFTER 
a sample of bacillomyein. I t  
JOHN M, SWAN. 

The thiohydantoin method has 
the carboxyl end. In the present 
ammonium thiocyanate, and acetic 
hydantoin was separated from other subst 
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