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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 

i G. C. GORlVIAN, L. ATKINS and T. HOLZlNGER, Cytogenetics 6, 
286 (1957). 

2 R. DONOSO-BARROS, Reptiles de Chile (Edieiones de la Universidad 
de Chile, Santiago de Chile 1966). 

a C. E. FORD and J. L. HAMERTON, Stain. Teehn. 31, 247 (1956). 
4 R. J. BAKER, J. J. BULL and G. A. ]V[ENGDEN, Experientia 27, 

1228 (1971). 
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to cen t romer i c  pos i t ion  was m a d e  on  basis  of a rm-rad io ,  
a n d  t he  n o m e n c l a t u r e  of LEVAN et  al. ~ was adop ted .  A 
t o t a l  of 63 m e t a p h a s e s  - 28 f rom L. pictus and  35 f rom 
L. cyanogaster - were ana lyzed  for ch romosomic  count .  
A d d i t i o n a l  91 p r i m a r y  s p e r m a t o c y t e s  a t  d iakines is  - 
15 f rom L. pictus a n d  56 L. cyanogaster - were examined .  
The  k a r y o t y p e s  of b o t h  species were m a d e  w i t h  ch romo-  
some cu ts  f rom en la rged  p h o t o g r a p h s  of c - m e t a p h a s e  
plates .  I n  o rder  to  c o m p a r e  t he  ch romosomes  of b o t h  
species, m a c r o c h r o m o s o m e s  were measu red  - micro-  
ch romosomes  are v e r y  diff icul t  to  measu re  - a n d  t h e i r  

l eng ths  no rma l i zed  accord ing  to  BOGART G. The  resu l t s  of 
t h e  m a c r o c h r o m o s o m e  m e a s u r e m e n t s  are  i l lc lnded in 
t h e  Table ,  an d  t h e  id iograms  co n s t ru c t ed  f rom t h e  d a t a  
in  t h e  Tab le  are p r e sen t ed  in F igure  2. The  l izards  ana ly -  
zed were depos i t ed  in t h e  col lect ion of rept i les  a t  *he 
I n s t i t u t e  o f  Zoology of t h e  A u s t r a l  Un ive r s i ty ,  Va ld iv i a  
(IZUA). The  fol lowing are t h e  regis ter  number s ,  sex a n d  
geographica l  loca l i ty  where  t h e  l izards  were col lec ted:  
L. pictus; 5 males  (IZUA-R 529-531, 536, 538) an d  2 
females  ( I Z U A - R  629-630);  nea r  volc~n L l a i m a  (CautfI1 
Province) .  L. cyanogaster; 4 males  ( I Z U A - R  463, 469, 

Fig. 1. Karyotypes of L. pictus (a) 
and L. cyanogaster (b). 
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Fig. 2. Idiograms of macrochro- 
mosomes of L{olaermcs species. 
The scale refers to the normalized 
length. Idiogralns constructed ac- 
cording to BOGART 6. 
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Analysis of haploid macrochromosome complements 

Maerochromosome No. 

Species of 1 2 3 4 5 6 

Lioleemus pic#us length 117 112 86 79 64 42 
ratio 1.I1 1.70 1.21 1.15 1.15 1.49 
type m ~ m m ~ ~n 

L. cyanogaster length 115 109 87 80 64 43 
ratio 1.13 1.86 1.12 1.12 1.15 1.30 
type m sm m m m m 

The value for the arm ratio is determined by dividing the long arm 
by the short arm; type designates the chromosome as determined by 
the position of centromere (m, metacentric; sin, submetacentrie); 
length refers to the normalized length of the maerochromosome 
complement. 

664, 790) a n d  3 females  ( I Z U A - R  464, 637, 638): nea r  
Va ld iv i a  c i ty  (Vald iv ia  Province) .  Liolaemus pictus. This  
species ha s  a diploid  n u m b e r  of 34 ch r om os om es ;  these  
can  be  a r r a n g e d  in pa i rs  a n d  n u m b e r e d  in o rder  of de- 
creas ing l eng th  (Figure 1 a). There  are 6 pa i rs  of m e t a -  
cen t r ic  (m) m a c r o c h r o m o s o m e s  a n d  11 pa i r s  of micro-  
chromosomes ,  pa i r  7 be ing  cons ide rab ly  la rger  t h a n  t he  
others .  I n  t he  t e s t i cu la r  ceils (diakinesis) we found  6 
large b i v a l e n t s  a n d  11 mic rob iva len t s .  

Liolaemus cyanogastee. The  k a r y o t y p e  (Figure 1 b) is 
e s s e n t i a n y  t h e  same  as L. pictus, excep t  t h a t  in  cyano- 
gaster c h r o m o s o m e  pa i r  n u m b e r  2 (macrochromosome)  
is s u b m e t a c e n t r i c  (sin). I n  d iak ines is  t he re  are 6 macro-  
b i v a l e n t s  a n d  11 mic rob iva len t s .  Thus ,  bes ides  k n o w n  
morpho log ica l  dif ferences  in  b o t h  species, karyologica l Iy  
t h e y  are  d i s t i nc t  a t  t he  level  of No. 2 c h r o m o s o m e  (meta -  
cen t r i c  in L. pictus a n d  s u b m e t a c e n t r i c  in L. cyanogaster). 
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The  karyologica l  p a t t e r n  of t he  l izards of t he  genus  
L i o l d e ~ S  e x a m i n e d  (L. lutzae 1, L. pictus a n d  L. cyano- 
gaster) is v e r y  similar .  Tile t h r ee  species p r e sen t  t h e  
fo rmu la  2 n  = 34 a n d  t h e  k a r y o t y p e s  show 6 pa i rs  of 
m a e r o c h r o m o s o m e s  and  11 pa i rs  of mic rochromosomes ,  
of wh ich  t h e  f i rs t  pa i r  is v e r y  ' large ' .  W i t h i n  t he  f ami ly  
Iguan idae ,  a s imi la r  fo rmula  (2n  = 34) a n d  k a r y o t y p e  
(6 m a c r o c h r o m o s o m e s  a n d  11 mic rochromosomes)  is 
f ound  also in some species of Anolis  (r. roquet, r. extremus, 
aeneus 7, vermieulatus s) and  t he  l izards  of t i le genera  Urea 
(notata 1) a n d  Scelophorus (orcutti 6, chrysostictus, macu- 
latus, uti/ormis, gadavidael~ 11, nelsoni, pyrocephalus~l). 
Accord ing  to  GORMAN e t  al. ~, a k a r y o t y p e  cons i s t ing  of 
6 pa i rs  of m a c r o c h r o m o s o m e s  a n d  12 pa i rs  of micro-  
ch romosomes  (2n  = 36) is cons idered  p r i m i t i v e  for t h e  
f ami ly  Iguan idae .  The  species of Liolaemus (lutzae 1, 
pictus, cyanogaster) differ  f rom th i s  karyo log ica l  p a t t e r n s  
b y  h a v i n g  on ly  11 pa i r s  of mic roch romosomes .  Reduc -  
t i on  in c h r o m o s o m e  n u m b e r  appea r s  to  be  t h e  evo lu t ion-  
a r y  t r e n d  in iguan idsL  If  th i s  is t rue ,  Liolaemus species 
would  h a v e  der ived  karyologica l  fo rms  of t he  p r i m i t i v e  
fo rmula  (2n  = 36). The  presence  of a pa i r  of ' la rge '  
m ic roch romosomes  (pair  7) in  L. lutzae h a s  m a d e  GOR- 
MAN ~ bel ieve in t he  exis tence  of cen t r i c  fusion a m o n g  
two  of these  pairs.  W e  are in  a g r e e m e n t  w i t h  th i s  h y p o -  
thes is  in  order  to  exp la in  t h e  occur rence  of f o rmu la  
2 n  = 34 in L. pictus a n d  L. cyanogaster, since in  these  
two species also t he  ch romosomic  pa i rs  No. 7 are v e r y  
' large ' .  
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Summary .  I n  order  to  d e t e r m i n e  how  i n f o r m a t i v e  homologous  donor  D N A  m i g h t  be  m a d e  ava i l ab le  to  p r o p i g m e n t  
cells of t he  r ec ip ien t  Xiphophorus helleri for t r a n s f o r m a t i o n ,  label led  he te ro logous  D N A  f rom E. colt was in jec ted  in to  
t he  neura l  cres t  region or t he  yo lk  sac of e m b r y o s  of t h e  rec ip ient .  On t he  bas is  of t h e  d e g r a d a t i o n  r a t e  of t he  donor  
D N A  and  t he  i nco rpo ra t i on  r a t e  of r a d i o a c t i v i t y  in to  t he  r ec ip ien t  DNA,  i t  is conc luded  t h a t  i n j ec t ion  in to  t h e  n e u r a l  
cres t  region m a y  be  a su i t ab le  m e t h o d  to m a k e  ava i l ab le  i n f o r m a t i v e  homologous  donor  D N A  for t r a n s f o r m a t i o n .  

Since AVERY, MAcLEoD a n d  McCARTY 2 or ig ina l ly  
observed  genet ic  t r a n s f o r m a t i o n  a f t e r  t r e a t m e n t  of 
pneumococca l  r ec ip ien t  s t r a in s  w i t h  D N A  f rom donor  
s t ra ins ,  m a n y  a t t e m p t s  h a v e  been  m a d e  to ach ieve  genet ic  
t r a n s f o r m a t i o n  also in h i g h e r  organisms.  A v a r i e t y  of 
genet ic  a l t e r a t i ons  ha s  been  o b t a i n e d  3 ; i t  h a s  been  argued,  
however ,  t h a t  t h e y  m i g h t  n o t  be  due  to  t r a n s f o r m a t i o n .  

One ob jec t ion  aga ins t  i n t e r p r e t i n g  these  a l t e r a t ions  as 
t he  resu l t  of a t r a n s f o r m a t i o n a l  e v e n t  has  been  t h a t  D N A  
m e d i a t e d  m u t a t i o n s  or convers ions  4 of t h e  a l r eady  
p r e s e n t  allele 5 m i g h t  h a v e  p r e t e n d e d  gene t ic  t r ans fo r -  
ma t ion .  This  object io l i  c a n n o t  be  b r o u g h t  aga ins t  t h e  
t r a n s f o r m a t i o n  s y s t e m  we h a v e  chosen,  in  wh ich  t h e  
p l a ty f i sh  (Platypoecilus maculatus) is t he  donor, ca r ry ing  
up  to  12 d i f fe ren t  luxur ious  loci for d i s t i nc t  p i g m e n t  cell 
p a t t e r n s ,  a n d  t he  sword ta i l  (Xiphophor~s helleri) is t h e  

1 Supported by DFG through SFB No. 103, and by Stiftung Vo]ks- 
wagenwerk. 
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