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Abbildung 2 zeigt die Atmung, Phosphorylierung und 
den P/O-Quotienten yon isolierten Mitochondrien des 
Ehrlich-Miiuse-Ascites-Tumors unter der Einwirkung ge- 
ringer Konzentrationen yon Chlorpromazin. 
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Abb. 2. Einfluss yon Chlorpromazin auf die Atmung, Phosphory- 
lierung und den P/0-Quotientenvon M~iuse-Aseites-Tumor-Mitoehon- 
drien. Medium: 50 [zM Phosphat; 60 ~/.M MgC12; 80 [xM NaF; 75I/.M 
Glukose; 0# mg Hexokinase; 5[xM ATP; 0,02 [~M Zytoehrom e; 
3 lzM DPN; 30 t~.M-~-Ketoglutars~iure. 0,3 ml Mitoehondrien 
(1,g mg N) in 0,25 M Zueker- und 0,002 M EDTA-LSsung; pH %0. 

Endvolumen: 3,0 ml; Temperatur: 30°C; Zeit: 20 rain. 

Interessant war das Ergebnis einer gleichen Versuchs- 
anordnung bei isolierten Mitochondrien des Walker- 
Karzinoms der Rat te  (Abb. 3). Hier land sich eine unter- 
schiedliche Wirkung h6herer Konzentrationen des Chlor- 
promazins gegeniiber der Stoffwechselwirkung auf normale 
Lebermitochondrien (siehe Abb. 1 zum Vergleich). 
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Abb. 3. Einfluss yon Chlorpromazin auf die Atmung, Phosphory- 
lierung und den P/O-Quotienten yon Walker-Karzinom-Mitochon- 

dricn. Bedingungen wie in Abbildung 1. 

Die in den Abbildungen verwendeten Abkiirzungen 
sind: ATP =~ Adenosin Triphosphors~iure; ADP = Adeno- 
sin Diphosphors~ure; DPN = Diphosphor-Pyridin-Nu- 
kteotid; E D T A  = ~thylen-Diamin-Tetraessigs~iure. 

Man kann aus diesen Ergebnissen folgern, dass durch 
hi3here Konzentrationen von Chlorpromazin der P/O- 

Quotient der Tumormitochondrien wesentlich starker 
herabgesetzt wird als der yon normalen Lebermitochon- 
drien. I n  vivo bei transphmtierbaren Tiertumoren er- 
hielten wit Ergebnisse, die unsere in-vi tro-Befunde best~- 
tigen. Hieriiber wird an anderer Stelle berichtet. Gleiche 
Ergebnisse wurden unter gleichen Versuchsbedingungen 
mit einer anderen entkoppelnden s Substanz, dem Atebrin, 
erhalten. 

Auf Grund unserer ersten klinischen Erfahrungen bei 
der kombinierten Behandlung des humanen Krebses mit  
Cytostatica oder Bestrahlung m6chten wit  folgern, dass 
Tumor-Mitochondrien gegenfiber denen yon gesunden, 
auch proliferierenden Mausergeweben eine grSssere Beein- 
flussbarkeit durch Stoffe zeigen, die die oxydat ive Phos- 
phorylierung je nach Konzentration steigern oder mindern 
kbnnen. Fiir das Chlorpromazin mbchten wir feststellen, 
dass hohe Konzentrationen dieses Stoffes durch die nach- 
weisbare Entkopplung der oxydativen Phosphorylierung 
die schon energetisch schwache Tumorzelle in ein Energie- 
defizit versetzen, so dass zus/itzlich verabreichte Cyto- 
statica oder energiereiche Strahlen selektiver wirken 
k6nnen. Beim krebskranken Menschen wirken sich die 
bekannten anderen pharmakologischen Effekte des Chlor- 
promazins giinstig aus. 

W. L/~aRs, G. BACIGALUPO, 
I~. K A D E N B A C H  und E. H E I S E  

A bteilung [iir experimentelle und klinische Chemo- Therapie 
der Geschwulsthlinih des Institutes ]fir Mediz in  und Biologic 
der Deutschen A hademie der Wissenscha/ten in Berl in-Buch,  
12. M a i  1959. 

Summary  

High concentrations of chlorpromazine cause a con- 
siderable decrease of the oxidative phosphorylation of 
tumor mitochondria and rat liver mitochondria. Re- 
garding preliminary experimental and clinical investi- 
gations, we assume that  malignant tumors can be sensi- 
tised to cytotoxic substances and ionising radiations im- 
pairing their energy metabolism by uncoupling the 
oxidative phosphorylation. 

H. Lbw, Biochim. biophys. Acta 8~, I (1959), 

Immune Electrophoretic Analysis  
of Bovine Milk and Purified Bovine Milk Protein 

Fractions 

The analysis of proteins by means of diffuslon-in-gel 
techniques has been shown to be advantageous because 
of the sensitivity and specificity of these methods 1. As 
a part of a study of bovine milk proteins from chemical 
and immunological points of view an investigation of the 
antigenic composition of bovine milk and some purified 
proteins from milk has been undertaken by means of the 
Ouchterlony plate technique and immune electrophoresis. 
Similar studies on human milk have recently been pub- 
lished by HANSON and JoHANSSON ~-*. 

Mature bovine milk was used throughout this study. 
Immune sera against the milk were obtained from hyper- 

1 I 1. GRABAR, Adv .  P ro t e in  Chem.  13, 1 (1958). 
2 B. JOItANSSON, N a t u r e  181, 996 (1958). 
a L. A. HANSON and B. JOUANSSON, Int. Arch. Allergy (in press), 
4 L. A. Hxssos, Int. Arch, Allergy (in press). 
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i m m u n i z e d  r abb i t s .  I m m u n e  e l ec t rophore t i c  ana lyses  
were pe r fo rmed  accord ing  to  G R ~ B ~  a n d  W~LLLa~S ~. I n  
some ins t ances  t h e  mic ro -mod i f i c a t i on  desc r ibed  b y  
SCH~E)~GO~R ~ was  used.  Con t ro l s  of a b s o r p t i o n  exper i -  
m e n t s  were p e r f o r m e d  w i t h  t h e  micro-s l ide  t e c h n i q u e  of 
WADSWORTH 7. 
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blood s e r u m  y-globul in  was  i n d i c a t e d  b y  a b s o r p t i o n  ex- 
p e r i m e n t s .  A n t i - m i l k  i m m u n e  s e r u m  was  a b s o r b e d  wi th  
a p r e p a r a t i o n  of b lood  s e r u m  a l b u m i n  a n d  used to  analyze  
e l ec t rophore t i ca l ly  s e p a r a t e d  mi tk  a n d  b lood  se rum.  In 
b o t h  e x p e r i m e n t s  t h e  p rec ip i t a t e s  o b s e r v e d  in t h e  a l b u mi n  
regions  in  t h e  t o t a l  s p ec t r a  (Fig. l a  a n d  b) h a d  vanished .  
I n  a s imi la r  m a n n e r  a n t i - m i l k  i m m u n e  s e r u m  was  ab- 
so rbed  w i t h  a p r e p a r a t i o n  of b lood  s e r u m  y-g lobul in  and  
t e s t e d  w i t h  e l ec t rophore t i ca l ly  s e p a r a t e d  mi lk  a n d  Mood 
se rum.  T h u s  t h e l i n e  found  in t h e  y-g lobul in  region of the 
t o t a l  an t i -m i l k -b l o o d  s e r u m  s p e c t r u m  (Fig. l b) a n d  the 
m o s t  dense  p r ec i p i t a t e  s i t u a t e d  in t h e  i m m u n e  globul in  
region of t h e  m i l k - a n t i - m i l k  s p e c t r u m  (Fig. 1 a) were  bo th  
a b s e n t  w h e n  t h i s  a b s o r b e d  a n t i s e r u m  was  employed .  

T h e  a n t i - m i l k  se rum,  a b s o r b e d  w i t h  b o v i n e  b lood  serum, 
s h o w e d  seven  s e p a r a t e  p r e c i p i t a t i o n  l ines in  t h e  i m m u n e  
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Fig. 1 

a) Diagram of immune eleetrophoretie analysis of bovine milk by 
means of anti-bovine milk serum. 

b) Diagram of immune electrophoretic analysis of bovine blood 
serum by means of anti-bovine milk serum. 

¢) Diagram of immune eleetrophoretie analysis of bovine milk by 
means of anti-bovine milk serum absorbed with bovine blood 
serum. 

d) Moving boundary electrophoresis of bovine milk. 
e) Agar get electrophoresis of bovine milk. 

T h e  m i l k - a n t i - m i l k  s p e c t r u m  o b t a i n e d  in a n  i m m u n e  
e t ec t rophore t i c  e x p e r i m e n t  is s h o w n  in  F igu re  l a ,  W i t h  
t he  i m m u n e  s e r u m  used,  twe lve  s e p a r a t e  p r ec ip i t a t e s  
were formed.  The  re l a t ive  mobi l i t i e s  of t he  an t i gen i c  
fac tors  va r i ed  f rom t h a t  of t h e  i m m u n e  g lobul ins  to  a 
m o b i l i t y  h i g h e r  t h a n  s e r u m  a l b u m i n  as d e t e r m i n e d  b y  
the  pos i t ion  of t he  i m m u n e  p rec ip i t a t e s  w h e n  c o m p a r e d  
w i th  m o v i n g  b o u n d a r y  e lec t rophores i s  a n d  aga r  gel 
e lee t rophores is  of t h e  mi lk  (Fig. 1 d a n d  e). The  i m m u n e  
e lec t rophore t i c  ana lys i s  of b o v i n e  b lood  s e r u m  b y  m e a n s  
of t he  a n t i - m i l k  s e r u m  showed  six s e p a r a t e  p r e c i p i t a t i o n  
lines (Fig. lb ) .  These  were  s i t u a t e d  t h r o u g h o u t  t h e  re-  
gions of y-globul in  to  s e r u m  a t b m n i n  as  s h o w n  b y  com-  
pa r i son  w i t h  a g a r  gel e lec t rophores i s  of b o v i n e  b lood  
serum.  The  presence  of an t i gen i c  fac to rs  in  t h e  m i l k  cor-  
r e spond ing  serological ly  to  b lood  s e r u m  a l b u m i n  a n d  

g P. GRABAR and C, A. WILLIAMS, Biochim. biophys. Acta 17, 
67 (1955). 

6 j .  j .  SCH~n)~GGt~R, Int. Arch. Allergy 7, 103 (1955). 
C. WADSWORTH, Int. Arch. Allergy lO, 355 (1957). 
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Fig. 
a) Diagram of immune eleetrophoretic analysis of a-casein by means 

of anti-bovine milk serum. 
b) Diagram of immune electrophoretie analysis offl4aetoglobulin by 

means of anti-bovine milk serum. 
c) Diagram of immune eleetrophoretic analysis of ~-laetalbumin by 

means of anti-bovine milk serum. 

e l ec t rophore t i c  ana lys i s  of b o v i n e  mi lk  (Fig. lc ) .  This  
s p e c t r u m  was  a s s u m e d  to  c o n t a i n  t h e  d o m i n a t i n g  milk 
p ro te ins ,  i.a. s -case in ,  f l - tac toglobul in  a n d  a - l ac ta lbumin .  
I n  o rde r  to  i d e n t i f y  these  p r o t e i n s  in t h e  p rec ip i t a t ion  
spec t ra ,  p r e p a r a t i o n s  of e -case in  s, c rys ta l l ine  fl-laeto- 
g lobu l in  9, a n d  c rys t a l l i ne  a - l a c t a l b u m i n  ~ were m a d e  and 
t e s t e d  b y  i m m u n e  e tec t rophores is .  T h e  p a t t e r n s  formed 
b y  these  p r e p a r a t i o n s  are  s h o w n  in F igure  2 a - c .  The 
a-case in  p r e p a r a t i o n  gave  a long l ine e x t e n d i n g  f rom the 
s t a r t i n g  b a s i n  to  t h e  a l b u m i n  region.  T h e  l ine h a d  no 
d i s t i nc t  m a x i m u m .  W h e n  a h i g h e r  c o n c e n t r a t i o n  of e- 
casein was used two  more  l ines were fo rmed  as seen in 
F igu re  2a.  T h e  f l - lac toglobul in  a n d  ~ - l a c t a l b u m i n  pre- 
p a r a t i o n s  each  gave  one  l ine s i t u a t e d  in  t h e  regions  cor- 
r e s p o n d i n g  to  t h e  loca l iza t ion  of these  p r o t e i n s  in agar 
gel e lec t rophores is .  E x p e r i m e n t s  w i t h  t h e  doub le  diffusion 
t echn ique ,  also s h o w e d  t h r e e  l ines w i t h  a -case in  a n d  one 
l ine e a c h  w i t h  f l - lac toglobul in  a n d  m-lac ta lbumin.  Com- 
p a r a t i v e  ana lys i s  of t h e  a-case in  w i t h  b lood s e r u m  albu- 

s N. J. H~PF, M, L. GROVERS, J.  H. CUSTER, and T. L. MoMEI~- 
KIN, J. Dairy Sei. 35, 272 (195~). 

R. ASClCAIPFENBURG and J. DREWRY, Bioehem. J, 65, 273 (1957). 
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min  a n d  f l - lac toglobul in  b y  m e a n s  of an t i -mi lk  s e r u m  
ind ica ted  t h a t  these  t h r e e  s u b s t a n c e s  were serological ly 
unre la t ed .  However ,  ana lys i s  of a - l a c t a l b u m i n  a n d  fl- 
l ac tog lobul in  w i t h  t h e i r  homologous  sera  showed more  
t h a n  one  p r ec ip i t a t e  w i t h  each  pro te in .  B y  m e a n s  of 
a b s o r p t i o n  e x p e r i m e n t s  t he  pos i t ion  of t he  fl-lacto- 
g lobul in  a n d  a - l a c t a l b u m i n  p rec ip i t a t i on  lines in t he  to ta l  
m i lk - an t i -mi lk  s p e c t r u m  could  be  e s t ab l i shed  as desig- 
n a t e d  in  F i g u r e  l a .  I n  t he  s ame  way  t he  e x t e n d e d  l ine 
fo rmed  b y  a -case in  cou ld  be  iden t i f i ed  in t he  t o t a l  
spec t rum.  

These  a n d  f u r t h e r  i nves t i ga t i ons  of t h e  immunolog ica l  
cha rac te r i s t i c s  of b o v i n e  mi lk  p ro t e in s  in  n a t i v e  a n d  
modif ied fo rms  will b e  p u b l i s h e d  in de ta i l  elsewhere.  

L . .~ .  HA~CSOU a n d  B. JOHA~SSON 

Departments o/ Bacteriology and Medical Biochemistry, 
University o/Gothenburg (Sweden), M a y  6, 1959. 

Zusammen/assung 

I m m u n o e l e k t r o p h o r e t i s c h  liessen sich aus  K u h m i l c h  
mi t  Hilfe  e in iger  K a n i n c h e n - A n t i - M i l c h s e r e n  m i n d e s t e n s  
12 I m m u n p r t i z i p i t a t e  nachweisen .  Von  diesen waren  6 
Pr~izipitate serologisch m i t  B l u t s e r u m p r o t e i n e n  v e r w a n d t  
(u. a. A l b u m i n  u n d  ?-Globul in) .  F e r n e r  w u r d e n  P r ~ p a r a t e  
yon  ~¢-Kasein, f l -Lak tog lobu l in  und  x - L a k t a l b u m i n  ana -  
lysiert .  

Cata lase  Act iv i ty  in the  R e g e n e r a t i n g  Tai l  T ip  
of X e n o p u s  L a r v a e  and  the  Effect of  3 - A m i n o -  

1 , 2 , 4 - t r i a z o l e  ~ 

I n  p r e v i o u s  papers2,  3 we were  able  to  show t h a t  ta i l  
t i ssue of X e n o p u s  l a r v a e  con t a in s  a ca ta lase  w i t h  m u c h  
the  s ame  k ine t i c  p rope r t i e s  as ca ta l a se  f rom m a m m a l i a n  
organs  2. I t  is d i s t r i b u t e d  a long  t he  ta i l  axis  in a s teep  
g rad ien t ,  t h e  specific a c t i v i t y  be ing  h ighes t  in the  t ip  a n d  
lowest  in  t h e  ba se  of t he  ta i l  3. Ca ta lase  is well  k n o w n  for 
its m a r k e d  depress ion  in t he  l ivers  a n d  k idneys  of t u m o r -  
bear ing  ra ts ,  whe reas  i t  shows n o r m a l  levels of a c t i v i t y  
in r e g e n e r a t i n g  r a t  l i v e r q  On  t he  o t h e r  h a n d  we h a v e  
found r e c e n t l y  t h a t  t h e  a c t i v i t y  of the  in t r ace l lu la r  pro-  
teases (ca theps ins)  is s t r ong ly  increased  a b o v e  the  n o r m a l  
level in t h e  r e g e n e r a t i n g  ta i l  t i p  of X e n o p u s  l a rvae ;  i t  is 
f u r t he r  inc reased  in r egene ra t e s  p a r t l y  i n h i b i t e d  b y  a 
m o r p h o s t a t i c  a m i n o k e t o n e  a n d  a qu inoxa l ine  der ivat iveS.  
In v iew of th is ,  i t  was  of i n t e r e s t  to  follow the  b e h a v i o u r  
of ca t a l a se  a c t i v i t y  d u r i n g  t he  process  of r egene ra t i on  in 
X e n o p u s  l a rvae .  Th i s  would  e x t e n d  our  knowledge  of the  
enzyme  p a t t e r n  in  the  r e g e n e r a t i n g  ta i l  t i ssue a n d  serve 
as a bas i s  for  f u r t h e r  t e s t s  of t h e  b iochemica l  effects  pro-  
duced b y  m o r p h o s t a t i c  s u b s t a n c e s  on  our  model  t issue.  

z This work was supported by a grant of the Eidgen6ssiscke Kom- 
missio~ zur FSrderung der wissenschalllichen Forsckung aus Arbeits- 
beschaJJungsmittetn des Bundes, I would like to express my gratitude 
to Prof. F. E..LEm~IANN for his constant itlterest and his valuable 
advice. I am also indebted to Mrs. J. WEBER and to Miss M. PIERES 
for technical assistance. 

H. P. you HAHN, Helv. chim. Acta 42, 49 (1959). 
3 H. P. YON HAHN, Exper. 14, 67 (1958). 
4 j .  p. GREENSTEIN, Biochemistry o! Cancer (Academic Press Inc., 

Publ., New York I954), p. 519. 
s H. P. yON HAHN and F. E. LmtMANN, Helv. physiol. Acta 16, 

107 (1958). 

In  the  f i rs t  t e s t  we d e t e r m i n e d  t h e  ef fec t  of 3 -amino-  
1, 2, 4- t r iazole  (AT), k n o w n  as a p o t e n t  ca t a l a se  i n h i b i t o r  
in vivo in  t h e  r a t  ", on  our  sys tem.  
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Fig. l .-Specific catalase activity during the regeneration of the 
tail tip of Xcnopus larvae. • Regenerates, o stumpsliees, v 0 th-  
7th mm and o 7 th-9th mm of the tails of the uuamputatcd controls. 
The vertical lines indicate the standard error of the determinations. 

Methods. W e  used the  m i c r o - a d a p t a t i o n  of t h e  per -  
b o r a t e  t e s t  of FEINSTEIN 7 w h i c h  we r ecen t ly  desc r ibed  2. 
X e n o p u s  la rvae ,  25 d a y s  old  a n d  26-30  m m  in ove ra l i  
l ength ,  were k e p t  in dis t i l led  w a t e r  a t  18°C in a t h e r m o -  
s t a t .  I n  t h e  f i rs t  g roup  of an ima l s ,  7 m m  of t h e  ta i l  t i p  
were a m p u t a t e d  a t  t h e  b e g i n n i n g  of t h e  e x p e r i m e n t  
(day  0). A second  g roup  of n o n - a m p u t a t e d  a n i m a l s  s e r v e d  
as  a con t ro l  a n d  was  k e p t  u n d e r  iden t i ca l  cond i t ions .  T h e  
l a rvae  were n o t  fed t h r o u g h o u t  t h e  pe r iod  of t h e  exper i -  
men t .  On  t h e  5th, 8th, 12m, a n d  19th days  a f t e r  a m p u t a -  
t ion,  t i ssue  pieces were  col lec ted  f rom a t  l eas t  10 l a r v a e  
each, as follows: (a) f rom t h e  a m p u t a t e d  an imal s ,  t h e  
r egenera tes  a n d  the  a d j o i n i n g  2 m m  s t u m p  slices;  (b) 
f rom t h e  n o n - a m p u t a t e d  a n i m a l s  7 m m  slices f rom t h e  
ta i l  t ip  as con t ro l s  to  the  r egene ra t e s  a n d  7th-gth m m  slices 
as cont ro l s  to  t h e  s t u m p  slices. Ca ta lase  a c t i v i t y  a n d  
t o t a l  n i t rogen  (by t h e  u l t r a m i c r o - K j e l d a h l  t e c h n i q u e  of 
BOELL a n d  SHEN s) were d e t e r m i n e d  in h o m o g e n a t e s  of 
these  4 t issue pieces. 

I n  t h e  e x p e r i m e n t  w i t h  AT, t h e  a m p u t a t e d  l a rvae  were  
k e p t  in a 1 :4000 so lu t ion  of AT. One g r o u p  of n o n -  
a m p u t a t e d  l a rvae  in A T  a n d  a n o t h e r  in w a t e r  se rved  as 
controls .  The  r egene ra t e s  a n d  t h e  2 m m  s t u m p  sclices 
were col lected f rom t h e  a m p u t a t e d  an imals ,  a n d  t h e  
7th-9 th m m  slices were co l lec ted  f rom t h e  ta i l s  of t h e  
t r e a t e d  a n d  t h e  u n t r e a t e d  cont ro l s .  T h e  re su l t s  for  b o t h  
e x p e r i m e n t s  are  expres sed  in m i c r o e q u i v a l e n t s  p e r b o r a t e  
spl i t  pe r  t~g t o t a l  n i t r o g e n  (for a n  i n c u b a t i o n  t i m e  of 
5 min) .  

Results. Specific c a t a l a se  a c t i v i t y  d u r i n g  n o r m a l  r egen-  
e r a t i o n  is s h o w n  in F i g u r e  1. I n  t h e  ta i ls  of t h e  n o n -  
a m p u t a t e d  con t ro l s  ca t a l a se  a c t i v i t y  r e m a i n e d  a l m o s t  
u n c h a n g e d  t h r o u g h o u t  t h e  e x p e r i m e n t a l  per iod ,  t h e  t i p  
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