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Als Versuchsobjekt diente in alien Versuchen die ,Toronto,)- 
Variante CN ~000 yon C. diphtheriae, die von Dr. F. V. LINGGOOD, 
'Wellcome Research Laboratories, Beckenham, England, freundlichst 
zu unserer Verffigung gestellt wurde. 

L. JXNxEs 

Arzneimiltel[abrik Orion Oy., Mikrobiologische Ablei- 
lung, Helsinki, Finnland, den 6. Mai  1953. 

Summary 

T h e  poss ib le  role of t r i c a r b o x y l i c  ac id  cycle  in  t h e  
m e t a b o l i s m  of C. diphtheriae was s tud ied .  T h e  occu rence  
of succinic ,  mal ic ,  c i t r ic ,  p y r u v i c ,  oxa loace t i c ,  a n d  
¢¢-ketoglutaric  ac id  in  t h e  c u l t u r e  f i l t r a t e  and ,  on  t h e  
o t h e r  h a n d ,  t h e  d e h y d r o g e n a t i o n  of succ in ic ,  mal ic ,  
c i t r ic ,  a n d  ace t ic  ac id  b y  f reeze-dr ied  b a c t e r i a  cou ld  be  
d e m o n s t r a t e d .  

On the  I n a c t i v a t i n g  P r o p e r t i e s  of  L iver  
H o m o g e n a t e s  on S u c c i n o x i d a s e  Act iv i ty  

of  I so la t ed  M i t o c h o n d r i a  

M a n y  t e c h n i q u e s  h a v e  b e e n  desc r ibed  in  r e c e n t  yea r s  
p e r m i t t i n g  t h e  f r a c t i o n a t i o n  of t h e  cell. I t  was  f o u n d  
t h a t  m a n y  e n z y m a t i c  ac t iv i t i es ,  a n d  p a r t i c u l a r l y  t h o s e  
c o n c e r n e d  w i t h  t h e  r e s p i r a t o r y  processes ,  are  loca l ized  
in  t h e  " m i t o c h o n d r i a l  f r a c t i o n "  (HOGEBOOM et al.X; 
SCHNEIDER2). I t  was  e s t a b l i s h e d  in  a p r e v i o u s  p a p e r  of 
t h e  a u t h o r  3 t h a t  f r e sh  s e r u m  f rom m a n y  k i n d s  of 
a n i m a l s  p r o d u c e s  s l i gh t  a c c e l e r a t i o n  of t h e  m i t o c h o n d r i a l  
s u c c i n o x i d a s e  a c t i v i t y ,  w h i c h  is c h a n g e d  to  a s t r o n g  
i n h i b i t i o n  a f t e r  i n c u b a t i o n  a t  37°C for  30 min .  Th i s  e f fec t  
was  a t t r i b u t e d  to  t h e  l ipase  c o n t e n t  of t h e  t e s t e d  sera.  

I t  s e e m e d  i n t e r e s t i n g  to  s t u d y  if  a s imi la r  i n a c t i v a t i n g  
p r o p e r t y  is p r e s e n t  also in  l iver  h o m o g e n a t e s .  Th i s  p a p e r  
shows  t h a t  some  i n a c t i v a t i n g  pr inc ip les ,  p r o b a b l y  of 
e n z y m a t i c  n a t u r e ,  are  in  f a c t  c o n t a i n e d  in  t h e  supe r -  
n a t a n t  f lu id  a f t e r  t h e  s e d i m e n t a t i o n  of m i t o c h o n d r i a  a n d  
m i c r o s o m e s  f r o m  l ive r  h o m o g e n a t e s .  

M i t o c h o n d r i a  were  i so l a t ed  w i t h  0.25 M sucrose  f r o m  
10 % l ive r  h o m o g e n a t e s .  W h i t e  r a t s  f r o m  a se lec ted  s t r a i n  
a n d  we igh ing  90 -100  g, were  u sed  in  t h e s e  e x p e r i m e n t s .  
A f t e r  a I i r s t  c e n t r i f u g a t i o n  a t  1500 g for  15 min ,  w h i c h  
p r o d u c e d  t he  s e d i m e n t a t i o n  of t i s sue  d6br is ,  u n d a m a g e d  
cells, nucle i ,  r ed  cells a n d  some  m i t o c h o n d r i a ,  t h e  m a i n  
p o r t i o n  of I n i t o c h o n d r i a  was  s e d i m e n t e d  b y  a s e c o n d  
c e n t r i f u g a t i o n  a t  12,000 g in t h e  SS- I  SERVALL Cen t r i -  
fuge, in  t h e  cold  r o o m  a t  5 ° C. T he  s u p e r n a t a n t  f lu id  a f t e r  
t h i s  c e n t r i f u g a t i o n ,  w h i c h  c o n t a i n e d  m i c r o s o m e s  a n d  t h e  
so luble  p a r t  of t h e  c y t o p l a s m ,  was  s u b m i t t e d  to  a n e w  
c e n t r i f u g a t i o n  a t  22,000 g for  2 h. T he  s e d i m e n t  was  

1 G. H. HOGEBOOM, A. CLAUDE, and R. D. HOTCHKISS, J. Biol. 
Chem. 165, 615 (1946). 

2 W. C. SCtINEIDER, J. Biol. Chem. 165, 585 (1946). 
3 M. U. DIA.~IZAN~, Exper. 7, 102 (1951). 

m a i n l y  m a d e  u p  of mic rosomes .  M i t o c h o n d r i a  were 
w a s h e d  twice  w i t h  0.25 M sucrose,  a n d  t h e n  suspended 
in 0.067 M p h o s p h a t e  bu f f e r  s o l u t i o n  (pH 7.4). Tes ts  for 
s u c c i n o x i d a s e  a c t i v i t y  were  m a d e  m a n o m e t r i c a l l y  in a 
WARBUgG c o n v e n t i o n a l  a p p a r a t u s  a t  38°C, b y  meas- 
u r i n g  t h e  O , - u p t a k e  of a s u s p e n s i o n  of rn i tochondr ia  
c o r r e s p o n d i n g  to  0.25 g of t h e  t i s sue  in  t h e  presence  of 
0.0125 M s o d i m n  s u c c i n a t e ,  0.2 ml  3 0 %  K O H  being 
p l a c e d  in  t h e  c e n t r a l  well  of t h e  vessels .  N e i t h e r  CaCI 2 
n o r  c y t o c h r o m e  c were  a d d e d  in  t h e  m a i n  exper iments ,  
because  i t  was  o b s e r v e d  in  p r e v i o u s  w o r k  t h a t  no  in- 
f luence  is e x e r t e d  b y  t h e s e  substanc .es  w h e n  t h e  experi- 
m e n t s  a re  m a d e  w i t h  a n  excess  of e n z y m e  material .  
S u c c i n o x i d a s e  a c t i v i t y  of h o m o g e n a t e s  was  similarly 
s tud ied ,  a s u s p e n s i o n  c o r r e s p o n d i n g  to  0.25 g of tissue 
b e e i n g  p l aced  in  e a c h  vessel .  E a c h  e x p e r i m e n t  lasted 
1 h, b u t  r e a d i n g s  were  m a d e  e v e r y  10 min .  N content  
of s a m p l e s  of t h e  p r e p a r a t i o n s  was  d e t e r m i n e d  a t  the 
e n d  of e a c h  e x p e r i m e n t  b y  m i c r o k j e l d h a l  t e c h n i q u e  and 
QO 2 (N) va lues  (i.e. m m  3 0 ~  c o n s u m e d  in  1 h / m g  of N) 
were  ca l cu la t ed .  I n  a f i r s t  series of e x p e r i m e n t s  t h e  effect 
of i n c u b a t i o n  a t  38°C on  s u c c i n o x i d a s e  a c t i v i t y  of liver 
h o m o g e n a t e s  a n d  i so l a t ed  m i t o c h o n d r i a  was  studied. 
M i t o c h o n d r i a  a n d  h o m o g e n a t e s  were  p r e p a r e d  f rom 1 g 
l iver ,  a n d  t h e  f ina l  v o l u m e  of e a c h  s u s p e n s i o n  was  12 ml, 
0.067 3// p h o s p h a t e  bu f f e r  (pH 7.4) b e i n g  used  as a sus- 
p e n s i o n  m e d i u m .  I n c u b a t i o n  a t  38°C was  p e r f o r m e d  in 
a t h e r m o s t a t ,  a n d  t h e  s u c c i n o x i d a s e  a c t i v i t y  of 3 ml 
s a m p l e s  w i t h d r a w n  I r o m  e a c h  s u s p e n s i o n  was  deter- 
m i n e d  a t  pe r iods  of 0,1, 2, 3 h.  T h e  whole  p r o c e d u r e  was 
m a d e  in  s ter i le  vessels ,  i n  o rde r  to  a v o i d  a n y  bac te r i a l  in- 
t e r fe rence .  S te r i I i ty  con t ro l s  were  m a d e  a t  t h e  e n d  of each 
e x p e r i m e n t .  T a b l e  I shows  t h a t ,  whi le  t h e  enzymat ic  
a c t i v i t y  of t h e  h o m o g e n a t e s  decreases  s t r o n g l y  as a 
c o n s e q u e n c e  of i n c u b a t i o n  a t  38°C, t h a t  of t h e  mit0- 
c h o n d r i a l  s u s p e n s i o n  decreases  a t  a v e r y  lower  rate. 
Af t e r  3 h of i n c u b a t i o n ,  s u c c i n o x i d a s e  a c t i v i t y  of homoge- 
na re s  is dec rea sed  47-5%,  t h a t  of m i t o c h o n d r i a  only 
16 .9%.  

Table I [  
Difference of activity betweenmitoehondria isolated from freshhom0- 
genates and mitochondria isolated from homogenates incubated at 

38°C 

Time of incubation 

Non-incubated 
l h  
2 h  

Mitochondria from 
fresh homogenates 

218-0 
215.0 
200.6 

Mitochondria from in- 
cubated homogenates 

170.1 
140.6 

I n  a s econd  ser ies  of e x p e r i m e n t s ,  succinoxidase 
a c t i v i t y  of m i t o c h o n d r i a  i so l a t ed  f r o m  h o m o g e n a t e s  in- 
c u b a t e d  a t  38°C for  1 h a n d  for  2 h was  c o m p a r e d  with 
t h a t  of m i t o c h o n d r i a  i so l a t ed  f rom a f r e sh  homogenate  

Table 1 
Influence of incubation at 38¢C on succinoxidase activity of liver homogenates and mitochondria 

(The data arc expressed at QO2(N )4- ~ = standard deviation) 

Homogenates 
Inact iva t ion  % 
Mitochondria 
Inac t iva t ion  % 

Number of 
experiments 

Non-incubated 
controls 

51.6 4- 0-9 

216.5 4- 2.3 

l h  

40.8 4- 1.9 
20.9 

210.7 4- 0.4 
2.5 

Samples incubated for 

2 h  

33-1 4- 0.9 
35.8 

199.3 -t- 2.0 
10.5 

3 h  

27.1 4- 1.4 
47-5 

179.5:1:2.1 
16.9 
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and i n c u b a t e d  a t  38°C for  1 a n d  for  2 h. As s h o w n  in 
Table I I ,  succ inox idase  a c t i v i t y  of m i t o c h o n d r i a  i so la ted  
from i n c u b a t e d  h o m o g e n a t e s  is r e m a r k a b l y  lower  t h a n  
that  of m i t o c h o n d r i a  i so la ted  f rom fresh  h o m o g e n a t e s .  

In o t h e r  e x p e r i m e n t s ,  t h e  effect  of t he  i n c u b a t i o n  wi th  
s u p e r n a t a n t  f luid on the  succ inox idase  a c t i v i t y  of iso- 
lated m i t o c h o n d r i a  was s tud ied .  M i t o c h o n d r i a  f rom 1 g 
of l iver were  s u s p e n d e d  in to  12 ml  of 0.067 M p h o s p h a t e  
buffer, d iv ided  in to  4 a l iquo t s  of 3 ml  each  a n d  a l lowed 
to s t and  in  a t h e r m o s t a t  a t  38°C. 2 ml  of t he  s u p e r n a t a n t  
fluid c o m i n g  f rom the  same  h o m o g e n a t e  were  a d d e d  to  
3 of 4 a l iquots ,  whi le  t he  f i rs t  one was  used  as a con t ro l  
at t ime O. Succ inox idase  ac t iv i t ies  of i n c u b a t e d  a l iquo ts  
were t e s t e d  a f t e r  1, 2, 3 h. Af te r  t he  i n c u b a t i o n  t ime ,  

Table III  
Influence of incubation with supernatant fluid on succinoxidase 

activity of isolated mitochondria 

Number of experiments . . 
QOd~)  . . . . . . . . .  

Inactivation % . . . . .  

Non-in- 
cubated 
controls i 

3 
211.9 

3"5 

Samples incubated with 
supernatant fluid for 

l h  2h  3h 

3 3 3 
185.2 174.4 155.9 

4.4 5.0 5.2 
12-6 17-7 26.4 

each sample  was  s u b m i t t e d  to  a c e n t r i f u g a t i o n  a t  22,000 g 
for 30 min  a n d  succ inox idase  a c t i v i t y  was  t e s t e d  on the  
sediment. As s h o w n  in Table  I I I ,  i n c u b a t i o n  w i t h  t he  
superna tan t  f luid p r o d u c e s  a def in i te  i n a c t i v a t i o n  of t he  
enzymatic  ac t iv i ty .  This  i n a c t i v a t i o n  d id  n o t  occur  w h e n  
mi tochondr ia  were  incub 'a ted  w i t h  boi led,  i n s t e a d  of 
with crude,  s u p e r n a t a n t  f luids.  P o t e n t i o m e t r i c  d e t e r m i -  
nations of p H  of t he  suspens ions  were  m a d e  a f t e r  3 h of 
incubation,  b u t  t he  v e r y  s l ight  decrease  w h i c h  was  ob-  
served s e e m e d  n o t  suf f ic ient  to  j u s t i f y  such  a s t r ong  
inact ivat ion of e n z y m a t i c  ac t iv i ty .  

In a n o t h e r  g roup  of e x p e r i m e n t s ,  t h e  in f luence  of t he  
microsome f r ac t ion  on m i t o c h o n d r i a  succ inox idase  was  
studied a f t e r  i n c u b a t i o n  for 1, 2 and  3 h a t  38°C, b u t  
no inf luence was  obse rved .  

I t  a p p e a r s  t h a t  one or more  pr inciples ,  p r o b a b l y  of 
enzymatic n a t u r e ,  c o n t a i n e d  in t he  s u p e r n a t a n t  f luid  are  
responsible for  t h e  i n a c t i v a t i o n  p h e n o m e n o n  obse rved .  

M. U. DIANZANI 

Department o/General Pathology, University o/Genoa, 
March 8, 1953. 

Rdsumd 

L 'au teu r  a 6tudi6 Fac t ion  des l iqueurs  s u r n a g e a n t e s  
apr~s la s 6 d i m e n t a t i o n  des m i t o c h o n d r i e s  e t  des micro-  
s0mes de l ' h o m o g 6 n a t e  de foie sur  l ' ac t iv i t6  succ inoxi -  
dasique des m i t o c h o n d r i e s  isol6es. I1 a t rouv6  une  ac t ion  
inhibitrice qui  d i spa ra i t  apr~s 6bull i t ion.  Les mic rosomes  
n'ont aucune  inf luence .  

Subs tances  f i u o r e s c e n t e s  du type  pt~r in ique  
dans la peau ou l e s  y e u x  de la g r e n o u i l l e  (Rana 

nigromacMata) et  l eurs  t r a n s f o r m a t i o n s  
p h o t o c h i m i q u e s  

GODA 1, en  1941, a n o m m 6  une  s u b s t a n c e  f luo rescen te  
isol6e de la peau  dorsale  de Rana nigromaculata. Selon  

: T. GODA, J. Fae. Sci. Imp. Univ. Tokyo, See. IV 5, 305 (1941). 

lul, le p y r r o l - c h r o m e  joue  un  r61e phys io log ique  impor -  
t a n t .  

Nous  avons  signal6 dans  d ' a u t r e s  t r a v a u x  les pro-  
pri6t6s des subs t ances  f luorescen tes  du t y p e  p t6 r in ique  
des d ivers  a n i m a u x  (vers ~ soieL papi l lon,  carpe  2, cra-  
paud3,grenouil le%etc.)  e t  le r61e de tel les  s u b s t a n c e s  d a n s  
la m61anog6n~se 5. 

Nous  d o n n e r o n s  ici b r i ~ v e m e n t  nos  r6su l ta t s  sur  les 
s u b s t a n c e s  f luorescen tes  de Rana nigromaculata. 

1 ° Pr6sence  de p lus ieurs  s u b s t a n c e s  f luorescen tes  dans  
la peau  dorsa le  (noire) e t  v e n t r a l e  (blanche),  dans  les 
yeux ,  e t  leurs  propri6t6s.  Nous  avons  propos6  le h e m  
collectif  de <crana-chrome~, p o u r  les s u b s t a n c e s  f luores-  
centes  e x t r a i t e s  de tels t issus  pa r  le m6thano l ,  Yam- 
m o n i a q u e  ou l ' ac ide  ac6t ique.  Les r ana -chro rnes  s e n t  
des s u b s t a n c e s  d6sign6es ici (Tableau) p a r  des chiff res  
(1-6) qui  c o r r e s p o n d e n t  aux  t e r m e s  d ' u n e  6chelle bas6e 
sur  la va l eu r  d6cro issan te  de R /  (d i sso lvan t ;  b u t a n o l :  
acide a c f t i q u e  :eau 4 : 1 : 1) du c h r o m a t o g r a m m e  sur  papier .  

On d6eoupe  ces t a c h e s  f luorescen tes  du c h r o m a t e -  
g r a m m e  e t  on en e x t r a i t  la s u b s t a n c e  p a r  le m6thano l ,  
l ' a m m o n i a q u e  ou l 'eau.  Ainsi  nous  avons  examin6  les 
propr i6t6s  e t  les spec t res  d ' a b s o r p t i o n  des p i g m e n t s ,  
d e n t  que lques -uns  on t  pu ~tre r appor t6s  ~ des s u b s t a n c e s  
d6j~ connues  (Tableau).  

Les r a n a - c h r o m e s  s e n t  en g6n6ral t h e r m o s t a b l e s .  Le 
r a n a - c h r o m e  1 es t  nn  cr is ta l  cubique ,  color6 en j aune  
clair, d e n t  la so lu t ion  aqueuse  a la f luorescence  bleu ciel. 
Ce t te  s u b s t a n c e  co r r e spond  donc  au p y r r o l - c h r o m e  mSme 
et  n ' e s t  pas  t o u t  ~ fai t  i d e n t i q u e  ~ la f luorescyan ine  qui 
p o u r t a n t  a v a i t  6t6 d6sign6e c o m m e  6 tan t  le pyr ro l -  
c h r o m e  p a r  les s a v a n t s  Iran~ais  6 (voir Tableau) .  

Propri6tds de plusieurs substances fluoreseentes isoldes de la peau et 
les yeux de Rana nigromaculata 

Couleur de la 
Substances fluorescentes fluorescence Valeur de R/ 

~pH 7 

Rana-chrome 1, pyrrol- 
chrome 
Rana-chrome 2, 
ribofiavine 
Rana-chrome 3 
Rana-chrome 4, Iluores- 
cyanine ou ichtyopt~rine (?) 
Rana-chrome 4B 
Rana-chrome 5, acide 
d'ANG:ER 
Rana-chrome 6, flavinc- 
ad6nine-dinucldotide . . . 

bleu ciel 

jauue 
bleu ciel 

violet 
bleu ciel 

bleu ciel 

jaune 

0,46 

0,43 
0,40 

0,33 
0,24 

0,22 

0,06 

Le r a n a - c h r o m c  4 es t  un cr is ta l  acul6i forme blanc.  La  
so lu t ion  aqueuse  p r6sen te  une  f luorescence  viole t te ,  elle 
es t  r6duc t ib le  p a r  l ' hydrosu l f i t e ,  mais  r6cup~re, pa r  
s imple  ag i t a t i on  dans  l 'air ,  sa f luorescence.  D'a i l leurs ,  
c e t t e  s u b s t a n c e  a donn6  jusqu'5,  p r6sen t  la mSme va leur  

1 T. HAMA, H. ARUGA et Y. MAKI, ZooL Mag. 58, 219 (1949). 
2 T. HAMA, T. GOTO et K. KvsmmKt, Science (Japon) 2e, 478 

(1952). I1 y a deux sortes de Cyprinus purple A et B dans la peau et 
les 6cailles de la earpe, la premiere correspond ~ la fluorescyanine. 

a T. HAMA, T. Gore, K. OI et K. KvsuxmKI, Science (Japon) 22, 
5.12 (1952). Nous avons nomm6 ,(Bufo-chrome~ une substance isol6e 
de la peau du Bu/o vulgaris, leur solution aqueuse ayant la fluores- 
cence bleue eiel. 

a T. HAMA, Zool. Mag. 61, 89 (1952). 
5 T. HAMA et T. GOTO, Zool. Mag. 61, 88 (1952). 
s M. POLONOVSKI, P. GONNARD et A. BARIL, Enzymologia 14, 311 

(1951). 


