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Effects of Antibiot ics  N o g a l a m y c i n ,  Ciro lemycin  and Tubercidin  on E n d o g e n e o u s  
Respirat ion  of T u m o r  Cells and Oxidat ive  Phosphory la t ion  of M a m m a l i a n  Mitochondria  

I n  our  p rev ious  paper ,  effects  of t he  a b o v e - m e n t i o n e d  
an t ib io t i c s  on glycolysis ,  b i o s y n t h e s i s  of pro te in ,  nucleic  
acids  a n d  t r a n s p l a n t a b i l i t y  of Eh r l i ch  asc i tes  c a r c i n o m a  
(EAC) cells h a v e  been  s t ud i ed  ~. L i t t l e  is known,  however ,  
a b o u t  t h e  effects  of n o g a l a m y c i n ,  c i ro lemycin  a nd  
t u b e r c i d i n  on m a m m a l i a n  m i t o c h o n d r i a l  f u n c t i o n s  a n d / o r  
on r e sp i r a t ion  of t u m o r  cells. Th i s  p a p e r  deals  w i t h  t he  
effects  of t hese  an t ib io t i c s  on endogeneous  r e sp i r a t ion  of 
t u m o r  cells as well as on m i t o c h o n d r i a l  ox ida t i ve  p h o s p h o -  
ry la t ion .  

Materials  and methods. I C R  a lb ino mice  inocu la t ed  w i t h  
E h r l i c h - L e t t r 6  asc i tes  cells were p rov ided  b y  Dr. E. 
P a t t e r s o n  of t h e  Cancer  I n s t i t u t e ,  F o x  Chase,  Pa. ,  USA.  
E L D / E h r l i c h - L e t t r 6  hype rd ip lo id / a sc i t e s  t u m o r  cells 
were  h a r v e s t e d  6-8  d a y s  a f te r  inocula t ion ,  w a s h e d  in a 
sa l ine  p h o s p h a t e  m e d i u m  2 a n d  s u s p e n d e d  in t h e  s a m e  
m e d i u m  as descr ibed  in earl ier  pape r s  3, 4. 

I n t a c t  p igeon  h e a r t  a n d  r a t  l iver  m i t o c h o n d r i a  were 
isola ted in a m e d i u m  c o n t a i n i n g  0.225 M mann i to l ,  0 .075M 
sucrose,  0.2 m M  E D T A  a n d  2 m M  m o r p h o l i n o p r o p a n e  
s u l p h o n a t e  (MOPS),  p H  7.2 acco rd ing  to  t he  m e t h o d  of 
CHANCE an d  HAGIHARA 5. If  no t  o the rwise  ind ica ted ,  t h e  
m i t o c h o n d r i a  were s u s p e n d e d  in t h e  s a m e  m e d i u m .  T h e  
p ro te in  c o n c e n t r a t i o n  of t he  f inal  s u s p e n s i o n  w a s  deter-  
m i n e d  b y  t h e  b iu re t  m e t h o d  w i th  bov ine  s e r u m  a l b u m i n  as 
s t a n d a r d  6. 

R a t e s  of o x y g e n  u p t a k e  were m e a s u r e d  po l a rog raph i ca l l y  
w i th  a C la rk - type  o x y g e n  e lect rode as descr ibed previ -  
ous ly  ~. All m i t o c h o n d r i a l  p r e p a r a t i o n s  were checked  for 
s t r u c t u r a l  i n t e g r i t y  u s ing  the  cr i te r ion  of r e sp i r a to ry  
con t ro l  7. An t ib io t i c s  n o g a l a m y c i n ,  c i ro lemycin  (U- 12, 241) 
a n d  t u b e r c i d i n  were k i n d l y  supp l ied  b y  Dr. HANKA, 
R e s e a r c h  L a b o r a t o r i e s  T h e  U p j o h n  Co., K a l a m a z o o ,  
Mich.,  USA,  an d  were d isso lved  in  d i m e t h y l  su lphox ide  
(DMSO). Th e  s a m e  v o l u m e  was  added  to  t h e  con t ro l  
s a m p l e s  to  ve r i fy  t h a t  t h e  p resence  of D M S O  ill exper i -  
m e n t s  h a d  no effect  (final c o n c e n t r a t i o n  of D M S O  1%)s .  
All o the r  r e a g e n t s  were ob t a ined  f rom S igma  Chemica l  Co. 
T he  s u b s t r a t e s  were p r e p a r e d  in s tock  so lu t ions  a t  p H  7.4. 
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Fig. 1. Effects of nogalamycin, cirotemycin and tubercidin on 
endogeneous respiration of Ehrlieh-Lettr6 tumor cells. 0.2 ml of cell 
suspension containing 15 mg dry weight cells, were added to 2.0 ml 
of isotonic saline-phosphate medium pH 7.4 (154 mM NaC1, 6.2 mM 
KC1 and 11 mM sodium phosphate buffer). Oxygen uptake was 
measured at 30~ Rate of oxygen consumption for control was 
135 nmoles per min. 

Results  and discussion. Figu re  1 shows  t he  effects  of 
an t ib io t i c s  n o g a l a m y c i n ,  c i ro lemyc in  a n d  tube rc id in  on 
e ndoge ne ous  r e sp i r a t i on  of E h r l i c h - L e t t r 6  cells. F r o m  the  
an t ib io t i c s  t es ted ,  on ly  n o g a l a m y c i n  i nh ib i t ed  endo-  
geneous  r e sp i r a t ion  of E h r l i c h - L e t t r 5  cells. M a x i m a l  
inh ib i t i on  of r e sp i r a t ion  (30%) w a s  obse rved  a t  concen t ra -  
t ion  of 100 ~g/ml .  F igu res  2, 3 a n d  4 show  t h e  effects  of 
d i f fe ren t  an t ib io t i c s  on r e sp i r a t i on  of p igeon  he a r t  mi to -  
c hond r i a  (PHM) as well as r a t  l iver  m i t o c h o n d r i a  (RLM) 
in  s t a t e  4 w i th  succ ina t e  or g l u t a m a t e  p lus  m a l a t e  as 
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Fig. 2. Effect of nogalamycin o n  the rate of oxygen consumption 
of intact pigeon heart mitochondria (PHM) and rat liver mitochondria 
(RLM). The mitochondrial respiration was assayed in a medium 
containing 0.225 M mannitol, 0.075 M sucrose, 10 mM K~HPO 4. 
0.2 mM EDTA and 10 mM MOPS, pH 7.2. The mitochondria were 
suspended at 0.6 mg protein/ml PHM or 1.1 mg protein/ml RLIV[. 
The substrates were 10 mM suecinate in the presence of 3 /*M 
rotenone or 5 mM glutamate plus 5 mM malate .  The reaction 
temperature  was 25 ~ 
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Fig. 3. Effect of cirolemyein on the rate of oxygen consumption of 
intact pigeon heart mitoehondria (PHM) and rat liver mitochondria 
(RLM). The other conditions were the same as for Figure 2. 
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Fig. 4. Effect of tubercidin on the rate of oxygen consumption of 
intact pigeon heart mitoehondria (PHM) and rat liver mitochondria 
(RLM). The other conditions were the same as for Figure 2. 

The effect of nogalamycin, cirolemycin and tubercidin on the 
respiration of pigeon heart mitochondria 

Antibiotic Rate of oxygen consumption 
(natoms/mg/min) 

Control 25 ~g/ml of Antibiotic 

State 4 State 3 State 4 State 3 

Nogaiamyein 89.5 365.0 97.0 365.0 ~ 
34.5 248.0 34.5 248.0 ~ 

Cirolemycin 93.5 350.0 117.0 372.0 
40.4 282.0 40.4 262.0 

Tubercidin (50/~g/ml) 89.5 372.0 96.7 358.0 
34.4 262.0 27.6 241.0 

Succinate, 150/~M ADP. ~ Glutamate-malate, 2001zM ADP. 

subs t ra tes .  Noga lamyc in  had  no effect  on resp i ra t ion  of 
b o t h  mi tochondr ia ,  e i ther  in the  presence of succinate  or 
g lu t ama te  plus ma la te  in s ta te  4 respira t ion.  Cirolemycin 
s t imu la t ed  resp i ra t ion  in s ta te  4 main ly  in pigeon hea r t  
mi tochondr ia .  In  b o t h  P H M  and  RLM, respi ra t ion  was 
more  s t imu la t ed  if succinate  was  subs t ra te .  To s t imula te  
respi ra t ion  in s ta te  4 of ra t  l iver mi tochondr ia ,  h igher  
concen t ra t ions  of c i rolemycin were needed (with succinate  
as substra te) .  In  the  case of RLM oxidizing g lu tamate  plus 
malate ,  there  was no s t imula t ion  of respirat ion.  Tuberc id in  
inh ib i ted  respi ra t ion  a l i t t le in r a t  t iver mi tochondr i a  
w i th  bo th  succinate  as well as g l u t a m a t e  plus mala te  as 
subs t ra tes .  The effects  of th ree  ant ib io t ics  on oxida t ive  
phosphory l a t i on  (state 3) and  s ta te  4 resp i ra t ion  are 
shown in the  Table.  I t  is ev iden t  f rom the  results  pre-  
sented  in the  Table  t h a t  ant ibiot ics ,  noga lamycin  and  
cirolemycin in concen t ra t ions  of 25 ~g/ml had  no signifi- 
can t  effect  on s t a te  3 resp i ra t ion  of pigeon hea r t  mi to-  
chondria .  Ant ibiot ic  tuberc id in  a t  50 ~tg/ml inhibi ted  a 
l i t t le  s t a t e  3 resp i ra t ion  (262 in control  to  241 na toms  of 
oxygen /mg  protein/ra in) .  In  general,  the  same concent ra-  
t ions of ant ib iot ics  cause a grea ter  s t imula t ion  of respira-  
t ion in pigeon hea r t  t h a n  in ra t  l iver mi tochondr ia .  This  
m a y  be expla ined by  the  higher  concen t ra t ion  of cyto-  
chrome a per  mg pro te in  in pigeon hea r t  mi tochondr i a  ~. 
Resul t s  included in th is  pape r  indicate  t h a t  ant ibiot ics  
tes ted ,  even in re la t ively  low concent ra t ions ,  interfere  
w i th  resp i ra to ry  funct ions  of eucaryot ic  cells (nogala- 
mycin)  and wi th  isolated mi tochondr ia  as well (tubercidin).  
This may  also be in teres t ing  f rom the  po in t  of view of the  
e lucidat ion of the  secondary  effects  of the  an t ib io t ics  
under  discussion. 

Zusammen/assung. Van  den Ant ib io t ika  Nogalamycin ,  
Cirolemycin und  Tuberc id in  inhib ier t  nur  Noga lamycin  
die endogene  A t m u n g  v a n  Ehr l i ch-Le t t r6  - Zellen. 
Tubercidin  in ter fer ier t  in re la t iv  niedrigen Konzen t ra -  
t ionen  mi t  der A t m u n g  isolierter Mitochondrien.  
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