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Stabilisierung der oxydativen 
Phosphorylierung isolierter Mitochondrien 

durch artspezffische und 
artunspezifische Serumproteine 

Bei  der  U n t e r s u c h u n g  de r  o x y d a t i v e n  P h o s p h o r y l i e -  
r u n g  isol ier ter  M i t o c h o n d r i e n  im W a r b u r g - V e r s u c h  l iegen 
die gemessenen  p / O - Q u o t i e n t e n  o f t  e rheb l i ch  u n t e r  d e n  
t h e o r e t i s c h e n  E r w a r t u n g s w e r t e n .  H a u p t g r u n d  daf f i r  i s t  
die Labili t~tt  des  t r a n s p h o s p h o r y l i e r e n d e n  Sys tems ,  das  
schon  w~ihrend de r  I so l i e rung  de r  M i t o c h o n d r i e n  aus  t i e -  
r i schen  Geweben  geschgd ig t  u n d  dessen vol le  F u n k t i o n  
u n t e r  den  m e i s t e n  V e r s u c h s b e d i n g u n g e n  n u r  kurz f r i s t ig  
a u f r e c h t e r h a l t e n  werden  k a n n .  

Bei  de r  s y s t e m a t i s c h e n  P r i i f u n g  e x p e r i m e n t e l l e r  F a k -  
to ren ,  die e ine  A u f r e c h t e r h a l t u n g  de r  P h o s p h o r y l i e r u n g s -  
k a p a z i t ~ t  f iber  gr6ssere Zeitr~iume gew~ihrleisten sol l ten,  
u n t e r s u c h t e n  wi r  a u c h  den  E in f luss  des Zusa tzes  verschie-  
d e n e r  E iwe i s sk6 rpe r  z u m  R e a k t i o n s m e d i u m ,  d a  in de r  
L i t e r a t u r  ein s t ab i l i s i e r ende r  E / f e k t  v a n  S e r u m a l b u m i n  
b e s c h r i e b e n  w a r d e n  wa r  ~4.  Die g e n a n n t e n  U n t e r s u c h e r  
v e r w e n d e t e n  a l le rd ings  m e i s t  a r t f r e m d e s  S e r u m a l b u m i n  
( R i n d e r a t b u m i n )  be i  Ans / i t zen  m i t  M i t o c h o n d r i e n  aus  
R a t t e n -  u n d  M~useorganen ,  te i lweise  a u c h  v a n  T a u b e n  s 
u n d  sogar  I n s e k t e n  s. I n  u n s e r e n  V e r s u c h e n  m i t  R i nde r -  
l e b e r m i t o c h o n d r i e n  s e t z t e n  wir  sowohl  a r t e igenes  (Rinder -  
s e r u m a l b u m i n  u n d  -7-Globul in)  als a u c h  a r t f r e m d e s  El-  
weiss ( H u m a n a l b u m i n )  den  A n s ~ t z e n  zu. 

Methodik. I so l i e rung  der  M i t o c h o n d r i e n  u n d  Mess tech-  
n ik  wie fff iher  b e s c h r i e b e n L  S u b s t r a t  Berns te ins / iu re ,  
E n d k o n z e n t r a t i o n e n  im 2 ,4 -ml -Ansa tz  (e inschl iess l ich 
0.4 ml  Mi tochondr i ensuspens ion )  : P h o s p h a t p u f f e r  0.012 M /  
p H  7.2; KC1 0.0215 M ;  N a F  0.016 M ;  N a t r i u m s u c c i n a t  
0.0053 M ;  A T P  0.002 M ;  MgSO,  0.006 M; T r i ~ t h a n o l -  
a m i n h y d r o c h l o r i d p u f f e r  0.028 M / p i t  7.5; Glucose 0.026 M ;  
H e x o k i n a s e  ( S I G M A  T y p  I I I )  3 rag;  CO2-Absorp t ion  
d u r c h  0.2 m l  10%ige  K O H  i m  Zentralgef~iss. Eiweiss-  
zus~tze  vgl .  A b b i l d u n g  u n d  Tabel le .  Die  E iwe i s sk6 rpe r  
s t a m m t e n  v a n  d e n  Behr ing-Veerken .  P h o s p h a t b e s t i m -  
m u n g  n a c h  GARBADg. I n s g e s a m t  w u r d e n  124 Ver suehe  
du rchge f i ih r t .  

Ergebnisse.Wie die Tabe l le  zeigt,  s t e iger t  Zusa t z  v a n  
R i n d e r a l b u m i n  a u c h  den  P J O - Q u o t i e n t e n  f r i sch  herge-  
s t e l l t e r  Mi tochondr i en .  Diese S te ige rung  w i rd  h a u p t s ~ c h -  
l ich  d u r c h  Ve rg r6s se rung  de r  P h o s p h a t a u f n a h m e  b e w i r k t  
u n d i s t  v a n  d e r  e ingese t z t en  A l b u m i n m e n g e  abhgng ig .  
Bei  3-5  m g  A l b u m i n  p ro  A n s a t z  l iegt  die P h o s p h a t a u f -  
n a h m e  k o n s t a n t  u m  31%,  die S a u e r s t o f f a u f n a h m e  u m  
e t w a  10% u n d  de r  P / O - Q u o t i e n t  d a d u r c h  r u n d  16% ge- 
genf iber  d e m  A u s g a n g s w e r t  o h n e  A l b u m i n  h6her .  Das  
bedeu t e t ,  dass  die M i t o c h o n d r i e n  t r o t z  s c h o n e n d e r  Isolie-  
r u n g s t e c h n i k  be re i t s  w a h r e n d  d e r  A u f a r b e i t u n g s z e i t  (ca. 
2 h) in  i h r e r  P h o s p h o r y l i e r u n g s f u n k t i o n  gesch/ id ig t  wer-  
den.  D u r c h  a u s r e i c h e n d e n  A l b u m i n z u s a t z  w i rd  d a n n  e in  
P / O - Q u o t i e n t  v a n  im Mi t t e l  1.95 erzielt ,  t i e r  den  theo-  
re t i schen  E r w a r t u n g s w e r t  v a n  2.00 w e i t g e h e n d  erre icht .  

Die S e n k u n g  de r  P h o s p h a t a u f n a h m e  wi rd  noch  deu t -  
licher, w e n n  m a n  die M i t o c h o n d r i e n s u s p e n s i o n e n  ohne  
S u b s t r a t z u s a t z  3 h a u f  Eis  s t e h e n  l~sst. S i e  k a n n  10 bis  
6 0 %  des Ausgangswer t e s  b e t r a g e n ,  w~ihrend die Sauer -  
s t o f f a u f n a h m e  u m  h 6 e h s t e n s  10% s ink t .  Dieses u n t e r -  
schiedl iche  V e r h a l t e n  h ~ n g t  bei  g l e i chb le ibende r  Isolie- 
rungs -  u n d  Mess techn ik  u n t e r  a n d e r e m  y a m  a l lgemeinen  
G e s u n d h e i t s -  u n d  E r n ~ h r u n g s z u s t a n d  de r  R inde r ,  speziell  
y a m  Z u s t a n d  de r  L e b e r n  a b  u n d  wird  a u c h  d a d u r c h  be-  
e inf luss t ,  dass  zwisehen E n t n a h m e  de r  L e b e r n  u n d  Be-  
g i n n  de r  A u f a r b e i t u n g  n a t u r g e m ~ s s  m e h r  Ze i t  v e r g e h t  als 
z u m  Beispie l  de r  He r s t e l l ung  v a n  M i t o c h o n d r i e n  aus  
R a t t e n l e b e r n .  

A u c h  be i  d iesen  M i t o c h o n d r i e n s u s p e n s i o n e n  wi rd  d u r c h  
A l b u m i n z u s a t z  die  P h o s p h a t a u f n a h m e  wieder  a n g e h o b e n ,  
d ie  P / O - W e r t e  e r r e i chen  f a s t  die de r  F r i s c h s u s p e n s i o n  in 
d e n  Ans / i t zen  m i t  A l b u m i n  u n d  l iegen soga r  h 6 h e r  als die 
P / O - Q u o t i e n t e n  de r  a l b u m i n f r e i e n  F r i s chans / i t ze  (vgl. 
Tabel le) .  E s  s c h e i n t  d a h e r  zweckm~ssig,  be i  W a r b u r g -  
U n t e r s u c h u n g e n  v a n  M i t o c h o n d r i e n  rout inem~issig  d e n  
A n s ~ t z e n  A l b u m i n  zuzufi igen.  
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Einfluss versehiedener Eiweissarten und -konzentrationen 
auf den Pj0-Quotienten gealterter Rinderlebermitochondrien. 

Wirkung van Rinderalbumin. Messwerte nach 25 min 

Albumin- 
Zusatz 

Null 
1 mg 
2 mg 
3 mg 
4 mg 
5 mg 

Aufnahmen in ~tg-Atomen 

Phosphat 

to 1 t~ 

%68 8.29 
10.32 9.13 
11,65 10.29 
12.67 11.40 
12.67 11.40 
12.67 11.40 

Sauerstoff 

to t3 

5,89 5.55 
5.89 5.55 
6.21 5.90 
6.50 6.20 
6.50 6.20 
6.50 6.20 

P/O-Quotient 

,ol'  
1.64 1.49 
1.75 1.65 
1.88 1.74 
1.95 1.84 
1.95 1.84 
1.95 1.84 

t o = Messung sofort anschliessend an den Isolierungsvorgang. 
t a ~ Messung nach 3stfindiger Aufbewahrung dcr gleichen 

Mitochondriensuspensionen auf Eis. 
Albumin wurde dam Rcaktionsansatz, nicht dirckt der Mito- 
chondriensuspension zugesetzt. Mitoehondrien-N im Mittel 
3.7 mg/ml Suspension. Mittelwertc aus 60 Versuchen. 
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Die stabilisierende Wirkung yon 5 mg Rinderalbumin/ 
Ansatz kann durch 2 mg 1Kinder-~-Globulin ebenfalls er- 
ziett werden. Bei Zusatz grOsserer Mengen 7-Globulin (bis 
5 mg) wird bei gleichbleibender O~-Aufnahme die Phos- 
phataufnahme wieder geringer und demgem~ss sinken die 
P/O-Quotienten (Abb.). Humanalbumin ha t  einen we- 
sentlich geringeren Effekt  als Rinderalbumin: 1-2 mg 
haben keine ~Virkung, 3-5 mg steigern zwar die Phosphat-  
aufnahme, aber nicht in dem Masse wie Rinderalbumin. 
Die Untersuchungsergebnisse beweisen damit  eine fiber- 
legene Schutzwirkung des arteigenen Albumins. Unter  
I3erficksichtigung der pro ~Varburg-Ansatz eingesetzten 
Mitochondrienmenge (als Mitochondrien-N) ist im Quer- 
schnit t  atler Versuche ein optimaler Effekt  bei Zugabe 
yon Rinderalbumin irn Verh/iltnis 3 mg/mg Mitochon- 
drien-N zu beobachten. 

Nach heutigen Erkenntnissen beruht  die Albuminwir- 
kung auf der ]3indung des Chromoproteids oMitochrom,b 
das yon alterierten Mitochondrien freigesetzt wird und die 
oxydat ive  Phosphorylierung hemmt  s. Die molekulare 
Konfiguration des Albumins soil bei der Bindung des 
Mitochrom eine geringere Rolle spielen als spezifische End- 
gruppen in den Peptidketten, da partiell denaturiertes 
Albumin seine positive Wirkung auf die Phosphorylierung 
beh~ilt. Da die Artspezifit~it ebenfalls in den Haupt-  
valenzen der Pept idket ten verankert  ist ~, kommt dadurch 
m6glicherweise auch die bessere Wirkung arteigenen 
Albumins zustande. 

G. LAUDAHN 

HauptIabor des Stiidtischen Krankenhauses Berlin-Wil- 
mersdor[, d. Miirz 1960. 

SummaYy 

Addition of 3 mg bovine serum albumin]mg mitochon- 
drial-N enhances and stabilizes the phosphorylation capa- 
ci ty of isolated beef liver mitochondria. Albumin reduces 
the fluctation of the resulting P/O-rates and brings about  
a better  reproducibility of the entire method. The same 
effect is produced by addition of bovine ~,-globulin in half 
the concentration of albumin, while the effect of hetero- 
logous proteins (e. g. human albumin) is inferior. 

Secretory Cycle and Disappearance of the Pro- 
thoracic Glands in Tenebrio moli tor L. 

(Goleoptera: Tenebrionidae) 

Cyclic changes have been observed in the prothoracic 
glands of several larval  instars of Tenebrio molitor. In each 
instar, .the gland is much at tenuated shortly after moult-  
ing, the web of cells stretching between the tracheae is 
inconspicuous and the layer of cells normally spread over 
the dorsal t racheal  t runk is observed with difficulty x. The 
cells have hyaline cytoplasm with very few and small 
vacuoles and a few minute granules a t  the periphery, but  
without  secretion droplets. The nuclei are compact  and 
filled with nUmerous small chromatin granules. 

In  the two-week old instar, the gland is considerably 
developed. The layer of gland cells over the dorsal tracheal 
t runk is prominent and uniform. "/he cytoplasm is uni- 
formly granular and minute secretion droplets can be ob- 
served in fresh preparations. The nuclei become larger and 
block-like, elongated, and sometimes lobulated, and chro- 
midial substance is concentrated beneath the nuclear 
membrane. 

In the four-week old instar, 3 or 4 days before the next  
moult, all the parts of the gland show maximum develop- 
ment  and it  extends somewhat onto the ventral  tracheal 
t runk also. The cytoplasm has numerous fine granules and 
sometimes fibrils arranged along the axis of the gland, as 
reported by ARVY and GABE ~ in the Ephemeroptera.  Se- 
cretion droplets are now observed in fresh preparations. 

Two days or less before the next  moult,  the gland is 
again much reduced, and the sheath over the dorsal 
tracheal t runk is difficult to discern. The cytoplasm is 
almost free from granules and secretion droplets,  and 
empty  vacuoles are seen. The nucleus is also smaller, thin 
and elongated and darkly staining. 

In the last instar also, similar changes occur. The gland 
shows maximum development about  the time when the 
larva stops feeding, and about  24 h later, it shows great 
reduction. The band-like gland assumes the shape of a 
strand and the elongated nuclei are arranged length-wise 
in it, but  the cells over the dorsal tracheal t runk can still 
be seen. In the 16 h old pupa, the gland has already lost 
its discrete nature and the web between the tracheal 
trunks is disintegrating. Soon after, the gland is represent- 
ed only by a few cells at tached to the dorsal tracheal 
t runk; and by the t ime the first traces of eye pigmenta- 
tion appear, the gland has lost its identi ty completely. 

Thus in each instar of Tenebrio, the prothoracic glands 
undergo maximal  development about two days before 
moulting, when it discharges its secretion to become re- 
duced again. Hence, the critical period occurs about  two 
days before the next  moult. In Anisotarsus, i%~UNEZ a de- 
scribed the critical period to occur about  20 h before 
moulting. In  Dysdercus, WELLS 4 found tha t  the volume 
of nuclear increase a t  the peak period of the development  
of the gland is about  5 times its original volume. Such 
marked increase in nuclear volume does not  occur in 
beetles. In  Rhodnius 6 and Dysdercus, degeneration of the 
gland starts about two days after the completion of meta- 
morphosis, but  in Platysamia WILLIAMS e found tha t  the 
degeneration commences soon after eye pigmentation has 
started. Both in Tenebrio and Anisotarsus, the gland dis- 
appears long before metamorphosis is completed, and in 
Tenebrio, it is already disintegrating when eye pigmenta- 
tion appears, showing tha t  the completion of meta- 
morphosis does not need secretory act ivi ty  of the pro- 
thoracic gland throughout the process. WmGLESWORTH 
suggested tha t  the disappearance of the gland is due to 
some change (metamorphosis) of the gland itself during 
the preceding moult, and to some humoral  stimulus acting 
during the last moult. In Tenebrio, occurrence of initial 
changes in the last larval instar, which are similar to those 
occurring in the earlier ones, indicates tha t  the first factor 
is not  a very impor tant  one, while the influences working 
during the last moult  are strong and decisive. 
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