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Does  an Inhibitor of Mitochondria l  Adenylate  Kinase also Affect Oxidat ive  Phosphorylat ion?  

J. L/JSTORF~ and  E. SCHLIM~I~ 1 

Imt i tu t  fi~r Klinische Biochemie und Physiologische Chemie tier Medizinischen Hochschule, Karl-Wiechert-Allee 9, 
D-3000 Hannover 61 (German Federal Republic, BRD),  22 October 7975. 

Summary. Adeny la te  kinase ac t iv i ty  of in t ac t  mi tochondr i a  is s t rongly  inhib i ted  b y  ApsA, i.e. pl, p~-Di (adenosine-Y-) 
pen t aphospha t e ,  whereas  oxida t ive  phosphory la t ion  is no t  affected.  Therefore,  Ap~A is a useful tool  to d is t inguish 
be tween  oxida t ive  and  non  ox ida t ive  A T P  genera t ing  react ions.  

In  1973 LIENHARD and  SECEMSKI 2 showed t h a t  ApsA, 
i.e. p~ ,ps-Di(adenos ine-5 ' - )pentaphosphate ,  inhibi ts  rab-  
b i t  muscle adeny la t e  kinase (E.C. 2.7.4.2) w i th  a K~ of 
3 • 10 -s M.  This  p r o p e r t y  makes  ApsA seem a valuable  
tool  for the  inves t iga t ion  of mi tochondr ia l  react ions,  
because its appl ica t ion  should allow one to  d is t inguish  
be tween  oxida t ive  and  non-ox ida t ive  A T P  genera t ing  
react ions.  However ,  2 ques t ions  arise: 1. Is the  inhibi-  
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Fig. 1. Mitochondrial ATP formation was measured in a total volume 
of 0.5 ml. Additions made to the incubation mixture were: glucose: 
1 ~mole; NADP: 0.12 [zmole, atraetyloside 4 ~xg per mg of mito- 
chondrial protein; enzyme mixture (hexokinase/glueose-6-phosphate 
dehydrogenase) : 2 ~xl. Increase of extinction at 340 nm was recorded 
by a Leitz photometer, eNADPH~ is 6,220 M -1 cm-1; path length was 
0.2 cm. As atractyloside was added, the ATP formation shown in 
experiment A must be due to the adenylate kinase reaction. Experi- 
ment B shows that ApsA inhibits adenylate kinase, but does not 
inhibit nucleosidediphosphate kinase. 
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Fig. 2. Respiratory control experiments were carried out in a final 
volume of 2.0 mI with a commercially available Clark type oxygen 
electrode (L. Esehweiler & Co., Kiel, GFR). The incubation mixture 
was preineubated with 10 [xmoles of succinate as an electron donator 
for 2 rain. After the addition of Ap~A, no alteration concerning state 
4 or state 3 can be recognized. 

t o ry  effect  of ApsA weakened  b y  the  more  diff icul t  
accessibi l i ty of the  adeny la t e  kinase, when i t  is an integral  
pa r t  of the  mi tochondr ia l  a rch i tec tu re  ? Till now only  the  
pure  enzyme has been shown to  be inh ib i ted  ~. 2. If  ApsA 
does inhibi t  mi tochondr ia l  adeny la t e  kinase, does it also 
affect  oxida t ive  p h o s p h o ry l a t i o n ?  According to t he  
hypo thes i s  of OZAWA and 1VIAcLENNAN 3,4, pos tu la t ing  a 
func t iona l  re la t ionship  be tween  ox ida t ive  phosphory la -  
t ion  and  adeny la te  kinase (for detai ls  see 'Conclusions ') ,  
inhib i t ion  of adeny la te  kinase necessar i ly  causes an 
inhib i t ion  of A T P  synthesis .  To answer  these  quest ions ,  
we carr ied out  t he  following expe r imen t s  using in t ac t  
mi tochondr ia .  

Materials. R a t  liver mi tochondr i a  were p repa red  f rom 
male 'Wis ta r '  ra t s  (100-150 g) according to  wel l -known 
procedures  ~. P ro te in  co n t en t  was de t e rmined  by  the  
Biure t  me thod .  Nucleot ides  and N A D P  were ob ta ined  
f rom Boehr inger  Biochemica  (Tutzing, GFR).  At rac ty l -  
oside and Ap~A (the l a t t e r  now being commerc ia l ly  
available) were generous gifts f rom Dr. G. WEIMANN of 
Boehr inger  Biochemica.  The concen t ra t ions  of t he  ApsA 
solut ions used were de t e rmined  by  measur ing  the  
ex t inc t ions  a t  259 n m  wi th  e ApsA: 30,000 M -1 cm -1. 

A possible h y p o ch ro mi c i t y  due to  the  s t ruc tu re  of Ap~A 
was neglected.  E n z y m e s :  A mi x t u r e  Of hexokinase  
(E.C.2.7.1.1; 280 U/ml) and  glucose-6=phosphate de- 
hydrogenase  (E.C.1.1.1.49 ; 140 U/ml) was ob ta ined  f rom 
Boehr inger  Biochemica  (Tutzing, GFR) .  

Methods. All expe r imen t s  were carr ied out  in an in- 
cuba t ion  mix tu re  conta in ing  0.25 M sucrose, 10 m M  
t r ie thanolamine ,  0.2 m M  EDTA,  10 m M  KC1, 10 m M  
MgCI~ and 5 m M  inorganic  phospha t e  a t  p H  7.4 and 21 ~ 
Tota l  mi tochondr ia l  p ro te in  was always abou t  1 mg/ml .  
Fo r  fu r ther  addi t ions  see legends of the  figures;  note  t h a t  
the  final  concen t ra t ions  of all nucleot ides  were equal  
a l though  di f ferent  absolute  amo u n t s  had  to  be added  due 
to  the  d i f ferent  assay volumes.  

Adeny la t e  kinase ac t iv i ty  was de t e rmined  by  measur-  
ing the  A T P  fo rma t ion  wi th  t he  hexokinase/glucose-6-  
p h o s p h a t e  dehydrogenase  sys tem.  To exclude A T P  
format ion  by  oxida t ive  phosphory la t ion ,  a t rac ty los ide  
was added  to all assays.  For  fu r the r  detai ls  see legend of 
Figure 1. Resp i r a to ry  control  expe r imen t s  and  assays of 
the  redox  cycles of the  endogeneous  pyr id ine  nucleot ides  
were carr ied out  as descr ibed in t he  legends of Figures  
2 and 3. 

Results. Figure  1 shows two typicaI  expe r imen t s  to ex- 
amine  the  effect  of ApaA on the  adeny la t e  kinase ac t iv i ty .  
In  the  absence of ApsA the  add i t ion  of 50.4 nmole  of 
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A D P  causes an A T P  format ion  of 0.029 • 0.005 ~xmole/ 
rain per  mg of mi tochondr ia l  prote in  (exper iment  A). 
Af te r  the  addi t ion of 14.1 nmole  of ApsA (i.e. 28.2 nmole  
per  mg of mi tochondr ia l  protein) no A T P  fo rmat ion  
occurs (exper iment  t3). I t  should be ment ioned  here tha t ,  
in ano ther  set of exper iments ,  we made  sure t h a t  ApsA 
does no t  affect  the  hexokinase/g lucose-6-phosphate  
dehydrogenase  sys tem itself. The  a m o u n t  of ApsA added 
in exper iment  A is more than  sufficient  to inhib i t  the  
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Fig. 3. Redox cycles of the endogenous pyridine nucleotides were 
carried out in a final volume of 0.5 Inl. Excitation filter: 313 + 366 
nm, emission filter: 500-3000 nm. The incubation mixture was 
preineubated with 1 [lmole of suecinate as an electron donator for 
2 rain. After tile addition of ApsA , no alterations of the redox cycles 
occur. 

adeny!a te  kinase react ion completely.  We  have  found t h a t  
the  addi~iGn of only 0.5 nmole  of ApsA leads to a 60% 
inhibi t ion of the A T P  format ion  corresponding to a K,  val-  
ue be tween  10 -6 M and 10 -7 M.  

Looking once more at  F igure  1 B, one can see t h a t  even 
high concent ra t ions  of ApsA do no t  inhibi t  the  mi to-  
chondrial  nucleosidediphosphate  kinase act ivi ty .  The  
addi t ion  of 47.2 nmole  of U T P  leads to a clearly recogniz- 
able A T P  format ion,  a l though ApsA is present.  Figures 2 
and 3 show t h a t  even high concent ra t ions  of ApsA do 
no t  a t  all affect  oxida t ive  phosphoryla t ion.  I n  respi ra tory  
control  exper iments  (Figure 2), ne i ther  s ta te  4, s ta te  3, 
nor  the  P /O rat io is altered. These findings are confirmed 
by  assaying the  redox cycles of the  endogenous pyr id ine  
nucleot ides (Figure 3). Nei ther  thei r  shape, height,  nor  
basic wid th  is affected by  ApsA. 

Conclusions. 1. Adenyla te  kinase ac t iv i ty  is inhibi ted 
by  ApsA, even  when the  enzyme is an integral  componen t  
of the  mi tochondr ia l  archi tecture ,  bu t  its more difficult  
accessibil i ty leads to a higher  K,  va lue  than  t h a t  estab-  
lished by  LIENHARD and SECEMSKI 2 for the  pure  enzyme.  
F o r t u n a t e l y  the  decrease of the  inh ib i tory  effect is no t  
v e r y  striking, p robably  due to phenomena  similar  to the  
' in t rami tochondr ia l  i n t e rmembrana l  large ampl i tude  
prote in  movemen t s '  described by  WAKSMAN and REN- 
DON6 for mi tochondr ia l  aspar ta te  aminotransferase.  
2. The general ly  accepted v iew t h a t  in in tac t  mi tochon-  
dria A D P  is the  p r imary  P , -acceptor  dur ing ox ida t ive  
phosphory la t ion  has been chal lenged by  OZAWA and MAc- 
LENNAN 3,4. According to their hypothesis, ADP is 
generated by oxidative phosphorylation of AMP and 
then converted to ATP and AMP by adenylate kinase. 
AMP again acts as Pi-acceptor. Our results contradict their 
conclusions, because ApsA inhibits mitochondrial adenyl- 
ate kinase completely, but does not affect oxidative 
phosphorylation at all. 

A. WAKSMA~ and A. RENDON, Biochimie 56, 907 (1974). 

K a r y o l o g i c a l  P a t t e r m  of t w o  Chi lean  L izards  Spec i e s  of  the  G e n u s  Liolaemus (Saur ia;  I g u a n i d a e )  

N. D. ESPINOZA and J. R. FORMAS 

instituto de Zoologia, Universidad Austral de Chile, Casilla 567, Valdivia (Chile), 77 September 1975. 

Summary. The karyo types  of Chilean l izards Liolaemus pictus and Liolaemus cyanogaster is described for the  first t ime. 
Bo th  species possess 34 chromosomes;  6 pairs of macrochromosomes  and 11 pairs of microchromosomes.  Karyological ly  
i t  is possible to  differenciate  this  species because the  pair  No. 2 is me tacen t r i c  (m) in L. pictus and submetacent r ic  
(sin) in L. cyanogaster. I t  is shor t ly  discussed the  significat ion of formule  2n = 34 for the  species of Liolaemus analized 
karyologica l ly  and its possible mechan ism of acquisit ion.  

There  is l i t t le  chromosome informat ion  concerning the  
South  Amer ican  lizards of the  genus Liolaemus. The 
only known species is Liolaemus lutzae f rom Brazi l  
(2n = 34) 1, of which only the  chromosomes  of one male  
ind iv idual  have  been reported.  In  the  present  paper,  
new karyological  da t a  about  l izards of the  genus are 
given. The  chromosomes of Liolaemus pictus and Liolae- 
mus cyanogaster, two species of South  Chile, are presented 
for the  first  t ime.  B o t h  species over lap  geographical ly  
(Concepci6n to Chilo6) and exhibi t  a spec t rum of morpho-  
logical, ecological and physiological  adap ta t ions  to cer- 
t a in  hab i ta t s  (forests and meadows).  The  two species are 
different  in details of scute l la t ion and colour par terre .  
The  classification of L. pictus and L. cyanogaster follows 
t h a t  of I)ONOSO-BARROS 2. Chromosomes were ob ta ined  

f rom bone marrow,  testes and leukocytes  of young  ani- 
mals  previous ly  injected w i t h  colchicine 0.1%. The 
chromosome prepara t ions  were made  according to meth-  
ods developed by  FORD and HAMERTON a (bone mar row 
and testes) and BAKXR et  al. * (culture of whole blood) 
and stained af terwards  wi th  Giemsa solution. Chromo- 
some classification (only macrochromosomes)  according 
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