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Experiment Amount of addition Composition of solution Amount of 
No. inoculation (g) 

DL-fOrm (g) Active form (g) DL-form (g) Active form (g) 

Resolved crystals a 

Yield (g) [~]~ Optical 
purity (%) 

1 26.00 (L) 0.90 26.00 (L) 0.90 (L) 0.10 2.16 + 7.50 ° 100 
2 2.06 0 25.74 (D) 1.16 (D) 0.10 2.68 -- 7.30 ° 97.3 
3 2.58 0 25.55 (L) 1.35 (L) 0.10 2.43 + 7,50 ~ 100 

a Specific rotation of pure L-alaninc benzenesulphonate: [cc]~ = + 7.50* (c = 2, ethanol). 

a t  t h e  s ame  t e m p e r a t u r e  for  16 h.  T h e  p r e c i p i t a t e d  
c ry s t a l s  were  f i l tered a n d  4.40 g of D-a lan ine  benzene  
s u l p h o n a t e  was  o b t a i n e d .  Anal .  F o u n d :  N,  5 .62% : calcd.  
for  CgHlsO~NS: N ,  5 .66%.  T h e  p r o d u c t  was  op t i ca l ly  
pure ,  [ ~ ] ~  = - - 7 . 5 0  ° (c = 2, e thano l ) .  T h e  D-alanine  
b e n z e n e  su lphona t e ,  3.00 g, was  d i sso lved  in  60 ml  of 
d is t i l led  w a t e r  a n d  passed  t h r o u g h  a c o l u m n  of A m b e f l i t e  
IR-120  in H- fo rm.  The  D-a lanine  a b s o r b e d  on  t h e  res in  
was  e lu ted  w i t h  180 ml  of 1 N - N H 4 O H  a n d  t he  e lu te  was  
c o n c e n t r a t e d  to  dryness .  T h e  res idue  was  c rys ta l l i zed  
f rom aqueous  m e t h a n o l  to  g ive  0.98 g of p u r e  D-a lanine  
(91% of t h e  theore t i ca l ) .  Anal .  F o u n d :  N,  15.70: calcd.  
for C3H~O~N: N,  15.72. [cc]~ = - -14 .60  ° (c = 2, 5 N H C 1 ) .  

F o r  f u r t h e r  op t i ca l  resolu t ion ,  t h e  m o t h e r  l iquor  c a n  be  
used  r e p e a t e d l y  to  s e p a r a t e  t h e  o t h e r  e n a n t i o m o r p h .  
N a m e l y ,  t h e  s a m e  a m o u n t  of DL-modif ica t ion  as  t h a t  of 
t h e  e n a n t i o m o r p h  p rev ious ly  s e p a r a t e d  out ,  is a d d e d  t o  
t h e  m o t h e r  l iquor  a n d  d i sso lved  a t  a n  e l eva t ed  t e m p e r a -  
tu re .  T h e  s u p e r s a t u r a t e d  so lu t ion  was  cooled, seeded  a n d  
c rys ta l l i zed  in  t h e  s a m e  w a y  as desc r ibed  above .  B y  
r e p e a t i n g  these  procedures ,  L- a n d  D-a lan ine  b e n z e n e  
s u l p h o n a t e s  were  successful ly  o b t a i n e d .  T h e  e x a m p l e s  of 
t he  f i r s t  severa l  r u n s  in  100 m l  scale a re  s h o w n  in  t h e  
Table .  

B e n z e n e  su lphon ic  ac id  in  t h e  e f f luen t  of ion e x c h a n g e r s  
cha rged  w i t h  so lu t ion  of op t i ca l ly  a c t i v e  a l an i ne  b e n z e n e  

s u l p h o n a t e  was  read i ly  r ecove red  as DL-alanine benzene  
s u l p h o n a t e  b y  t h e  a d d i t i o n  of t h e  c o r r e s p o n d i n g  a m o u n t  
of DL-alanine to  t he  e f f luen t  a n d  b y  f u r t h e r  c o n c e n t r a t i o n  
of t h e  so lu t ion .  

T h u s  t h e  t o t a l  op t i ca l  r e so lu t ion  of DL-alanine b e n z e n e  
s u l p h o n a t e  c a n  be  accompl i shed .  Th i s  s imple  p r o c e d u r e  
is cons ide red  to  be  one  of t h e  m o s t  a d v a n t a g e o u s  m e t h o d s  
for  op t i ca l  r e so lu t ion  of DL-alanine, because  t h e  m e t h o d  
requ i res  n e i t h e r  op t i ca l ly  a c t i v e  r e so lv ing  a g e n t  no r  con-  
vers ion  of DL-alanine in to  c o m p l i c a t e d  de r iva t ives .  

Zusammen/assung. Die d i r ek t e  op t i sche  S p a l t u n g  v o n  
n L - A l a n i n b e n z e n s u l f o n a t  in  die op t i s chen  A n t i p o d e n  
w u r d e  b e w i r k t  d u t c h  die b e v o r z u g t e  K r i s t a l l i s a t i o n  aus  
i ibersAt t ig te r  L6sung ,  d ie  m i t  e inem der  r e inen  op t i sch -  
a k t i v e n  Kr i s t a l l e  i noku l i e r t  war .  
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W e  deve loped  a s imple  modi f i ed  m e t h o d  for t he  d e t e r -  
m i n a t i o n  of free a m i n o  ac ids  b y  m e a n s  of n i n h y d r i n  1, 
m a k i n g  use  of a S u m m e r s o n  m a n o m e t e r  a n d  two-com-  
p a r t m e n t  f lasks  (F igure  1), w ide ly  used  in  c o n v e n t i o n a l  
m a n o m e t r i c  t e c h n i q u e s  2. 

T h e  ana lys i s  is p e r f o r m e d  as fol lows:  1 mI  of t h e  
so lu t ion  to  be  t e s t e d  is p laced  in t h e  m a i n  c o m p a r t m e n t  D 
(Figure  1), I n  t h e  c o r r e s p o n d i n g  s i dea r m  C are  p l aced  
0.5 ml  of 0 .1% n i n h y d r i n  so lu t ion  in 0 . 1 M  c i t r a t e  buf fe r  
p H  4.7. T h e  o t h e r  c o m p a r t m e n t  E c o n t a i n s  1 m l  of 0 . 5 N  
N a O H  a n d  t h e  c o r r e s p o n d i n g  s i d e a r m  F 0.5 m l  of 3 N  
lac t ic  acid.  A n o t h e r  f lask  is s imi la r ly  equ ipped ,  w i t h  t he  
m a i n  c o m p a r t m e n t  c o n t a i n i n g  1 m l  of t h e  c i t r a t e  bu f f e r  
(cont ro l  flask).  T h e  2 f lasks  a re  c o n n e c t e d  w i t h  t h e  
S u m m e r s o n  m a n o m e t e r  A a n d  a l lowed to  t h e r m o s t a t e  in  
a w a t e r  b a t h  a t  75°C for  10 ra in  a n d  s h a k e n  a t  100 cpm.  
T h e  f lasks  a re  t h e n  closed b y  t u r n i n g  t h e  t h r e e - w a y  s top-  
cock a n d  t h e  n i n h y d r i n  is a d d e d  tb  t h e  a m i n o  ac id  
solut ion.  Af te r  10 min ,  t h e  w a t e r  b a t h  t e m p e r a t u r e  is 
lowered to  30 °C a n d  t h e  f lasks  a re  o p e n e d  t o w a r d s  t h e  

ex t e r i o r  e x c l u d i n g  t he  m a n o m e t e r  a rms ,  to  equ i l i b r a t e  
a g a i n  t h e  i n t e r n a l  pressure .  A f t e r  10 ra in  t h e  f lasks a re  
c o n n e c t e d  w i t h  t h e  m a n o m e t e r  a r m s  a n d  t h e  lac t ic  acid 
is a d d e d  to  t h e  N a O H .  T h e  deve loped  CO2 q u a n t i t i e s  a re  
ca l cu l a t ed  a t  t h e  e n d  of t h e  v a r i a t i o n s  of m a n o m e t r i c  
pressure .  T h e  CO2 coming  f r o m  t h e  d e c a r b o x y l a t i o n  of 
t h e  free or  t e r m i n a l  a m i n o  ac id  is ca l cu la t ed  b y  s u b t r a c t -  
ing, f r om the  a m o u n t  of CO 2 deve loped  in  t he  f lask  
c o n t a i n i n g  t h e  a m i n o  acid,  t h e  a m o u n t  of CO 2 deve loped  
in t h e  f lask  w i t h o u t  a m i n o  acid.  

T h e  m e t h o d  is useful  for s u b s t a n c e s  deve lop ing  1 to 
10/~moles  of CO v The  m e t h o d  gives a c c u r a t e  resu l t s  even  
us ing  non-CO2-free reagen t s ,  as  i t  r esu l t s  f rom T a b l e  I. 

x D. D. VA~¢ SLYKE, D. T. DILLON, McFADYEU and P. HAMILTONp 
J. biol. Chem. 14l, 627 (1941). 

2 W. W. UMBREI'£, R. H. BURRIS and J. F. STAUFFER, Manometric 
Techniques (Burgess Publishing Co., Minneapolis 1959). 
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Table I. CO~ from deearboxylation of amino acids by  ninhydrin 

Amino acid /zl COJ/~moles COa moles 
amino acid evolved moles 

amino acid 

Alanine 21.4 4- 0.60 a 1 
Asparaginic acid 45.1 :~: 1,30 2 
Cystine 21.6 ~ 0.50 1 
Glycine 23.5 4- 0.75 1 
Methionine 21.9 ~ 0.40 1 
Phenylalanine 20.8 :~ 4.00 1 
Proline 23.2 -E 1.70 1 
Tryptophane 21.3 ± 1,03 1 
Tyrosine 20.4 :E 1.80 1 

a Standard deviation. 

Fig, 1. Diagram illustrating the manometric  apparatus.  
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Fig. 2. Digestion of casein (2 mg/ml) by increasing amounts  of trypsia 
in 0.1 M phosphate buffer pH 7.8 at 35 °C for 2 h. 

Table II. Degradation of natural  and synthetic peptides 

Enzyme Substrate Degradation 
COa tumoles/substrate 
#*moles 

Cathepsin C 

Renin 

Trypsin 

Glycilphenylalaninammide 
Poly-D, L-glyeine DP  = 76 
Poly-L-leucine DP = 8.5 

Poly-L-leucine DP = 8.5 
Poly-L-proline DP = 14.5 
Poly-D,L-glyeine DP = 76 

Poly-n,L-tyrosine DP = 4.5 
Poly-t-proline DP = 14.5 
Poly-Ldeueine DP =, 8.5 
Casein (M.W. 121800) 

0.80 
not digested 
not digested 

10.5 
not  digested 
not  digested 

5.2 
not  digested 
not  digested 
102 

Conditions: cathepsin C: incubation in 0 .1M citrate buffer pH 6.0 
at 39°C for 20 min;  renin: incubation in O.15M phosphate-saline 
buffer pH 5.7 at 37 °C for 15 "h ; trypsin : incubation in 0 .1M phosphate 
buffer pH 7.8 at 35 °C for 2 h. 

O w i n g  t o  t h e  f a c t  t h a t  p e p t i d e  h y d r o l a s e s  s e t  f r ee  
a m i n o  a c i d - C O O H ,  t h e i r  p o s s i b l e  d e c a r b o x y l a t i o n  w i t h  
n i n h y d r i n  is  a f u n c t i o n  o f  t h e  p e p t i d e s  d e g r a d a t i o n .  

F i g u r e  2 a n d  T a b l e  I I  s h o w  r e s u l t s  o b t a i n e d  w i t h  
n a t u r a l  a n d  s y n t h e t i c  p o l y p e p t i d e s  w i t h  c a t h e p s i n  C, r e n i n  
a n d  t r y p s i n .  

T h e  c o n t r o l  f l a s k  c o n t a i n s  al l  t h e  r e a g e n t s  i n c u b a t e d  
w i t h  h e a t - i n a c t i v a t e d  e n z y m e s .  V~Tith p a r t i c u l a r  r e g a r d  t o  
t h e  c a t h e p s i n  C, a t  p H  6 .0  t h e  e n z y m e  c a n  h a v e  s o m e  
p o l y m e r i c  a c t i v i t y  ~,*. 

Riassunto. N e l  p r e s e n t e  l a v o r o  6 d e s c r i t t a  u n a  s e m p l i c e  
e r a p i d a  m e t o d i c a ,  e s e g u i t a  c o n  i c o n v e n z i o n a l i  m e t o d i  
m a n o m e t r i c i ,  p e r  d o s a r e  l ' a t t i v i t~ t  p r o t e o l i t i c a  d i  e n z i m i .  
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