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lebenden Zellen in der pr/imitotischen Phase, wobei die 
zuerst ankommenden auf die sparer eintreffenden warten 
(~ aktive Synchronisation,~). Nach Abklingen der Teilungs- 
verz6gerung treten alle Zellen zugleich in die Mitose und 
die folgenden Zyklusphasen ein, so dass die Strahlen- 
empfindlichkeit der Population entsprechend dem gerade 
durehlaufenen Zyklusstadium schwankt. Bis die Synchro- 
nisation sich zuriickgebildet hat  und die Zellen wieder 
zuf/illig auf die verschiedenen Phasen vertei l t  sind, kann 
eine Reihe yon Fluktuat ionen ablaufen. Diese spiegeln 
sich nach KALLMAN in periodischen Schwankungen der 
Strahlenempfindlichkeit yon vorbestrahlten M/iusen. 

Beide Modelle gehen davon aus, dass der Strahlentod 
beim S/iugetier nach Dosen im LD50(30)-t3ereich durch 
die Dezimierung einer einzigen Zetlpopulation, n/imlich 
der Knochenmarkstammzellen, zustande kommt und dass 
das Geschehen in dieser Population die Erholung der 
Tiere bestimmt. An bestrahlten Knochenmarkstamm- 
zellen tier Maus konnte der fluktuierende Erholungsver- 
lanf des ELKI~Dschen Typs auch nachgewiesen werden 2., 
wobei das friihe Erholungsmaximum nach 5-6 h und das 
darauffolgende Minimum nach 11-12 h eintrat. Die ]~r- 
kenntmis, dass Vorgiinge in einer einzigen lebenswichtigen 
Zellpoputation durch die Erholungskurven ganzer Tier- 
kollektive widergespiegelt und dargestellt werden k6nnen, 
ist ein neues und wichtiges Ergebnis der Untersuchungen 
auf diesem Gebiet seit 1960. Diskussionen, ob die Erhotung 
der Zellen vom subletalen Schaden oder ob ihre Synchro- 
nisation im Zellzyklus ffir den frtihen Resistenzanstieg 

bestrahlter Tiere verantwortl ich sind, konnten erst auf 
dem gemeinsamen Boden dieser Anschanung entstehen. 
Man wird strahlenbiologische Untersuchungen an S/~uge- 
tieren deshalb kiinftig nicht ohne Beriicksichtigung des 
zellul~iren Aspekts durchfiihren k6nnen 23 

Summary. A split dose experiment was performed in 
12-, 24- or 32-day-old Wistar rats. About 4000 animals 
were used. The first dose given was 200 R whole-body 
X-irradiation in the 2 younger groups, and 260 R in the 
oldest group. At intervals from 6-48 h after the first, a 
second irradiation was given in order to estimate the 
LD50(30). No recovery was seen in terms of the LD50(30) 
differences between preirradiated and normal animals 6 h 
after the first dose. At  the 12 h interval  marked recovery 
was found in all 3 age groups, but  less recovery was 
apparent  at  the later intervals. 

URSULA REINEK~: und J. MELLMANN 

Klinisches Sirahleninstitut der Universitiit, 
78 Freiburg im Breisgau (Deutschland), 
2L Dezember 1967. 

~2 j.  ]3. TiLL und ]~. A. McCoLLocH, Radiat. Res. 18, 96 (1963). 
~3 Die-Arbeit wurdc mit Unterstfitzung der Deutschen Forschungs- 

gemeinschaft durchgef/ihrt. 

PRO E X P E R I M E N T I S  

Resolut ion of DL-Amin0 Acids by Preferential Crystall ization Procedure,  I. Preparation of Optically 
A c t i v e  Alanines 

Although a number of optical resolutions of DL-amino 
acids have been reported, most of them have employed 
chemical or enzymatic procedures, and reports of optical 
resolution by physicochemical procedure have appeared 
less often. 

If successfully applied, physicochemical resolution, 
especially the resolution by preferential crystallization, 
is considered to be one of the most advantageous pro- 
cedures for the practical production of optically active 
amino acids*. However, satisfactory application of this 
type of simple procedure has been limited for several 
amino acids such as histidine 2, threonine 3 and glutamic 
acid 4, and i t  is also conceivable that  there have been 
many failures, in spite of all efforts to apply this method 
to amino acids generally. So far as alanine is concerned, 
no report  has appeared on the successful total  optical 
resolution by preferential crystallization procedure. This 
communication describes a direct optical resolution of 
DL-atanine which has been carried out as a first approach 
to establish the general method for the optical resolution 
of amino acids. 

DL-Alanine itself was proved to be unsuitable for direct 
resolution due to its properties of forming the racemic 
compound and also its solubility. Therefore, DL-alanine 
was converted to readily obtainable salts and derivatives, 
And the properties of these compounds were investigated. 
As a result, possibility of direct resolution was indicated 
in the case of alanine benzene sulphonate. Namely, the 

solubility of optically active alanine benzene sulphonate 
was much less than that  of DL-modification, although its 
IR-spectra indicated the formation of racemic compound. 

Thus conditions required for optical resolution of DL- 
alanine benzene sulphonate were studied in detail. As a 
result, pure optical isomers could be obtained from a 
supersaturated solution containing excess of desired anti- 
pode by seeding the solution with the crystals of the 
respective antipode and by filtering the precipitated 
crystals when the amount  of the separated crystals at- 
tained was approximately twice that  of the antipode 
initially in excess. 

Alanine benzene sulphonate was prepared by dissolving 
DL-, D- or L-alanine in an aqueous solution of benzene 
sulphonic acid. 

Typical resolution procedures are as follows: DL-alanine 
benzene sutphonate, 52.0 g, and D-alanine benzene sul- 
phonate, 1.30 g, were dissolved in 200 ml of 97% aqueous 
acetone at elevated temperature and cooled slowly to 
25 °. The solution was seeded with 0.20 g of finely pul- 
verized D-alanine benzene sulphonate and allowed to stand 
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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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A S i m p l e  A c c u r a t e  Method for Determining the Activity of Proteolytic Enzymes 

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. 
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