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es t rus  7, e leva tes  t h e  p l a s m a t i c  level  of g o n a d o t r o p i n s  s, 
a n d  increases  t he  p r o d u c t i o n  of p roges t e rone  b y  the  o v a r y  3. 
Otherwise ,  a f te r  3 weeks, d e s t r u c t i o n  of t he  a m y g d a l a  
b r ings  a b o u t  a decl ine in t he  levels  of F S H - R F  1~ a n d  ele- 
v a t i o n  of those  of L H - R F  11. These  ac t iv i t i e s  seem to be  
m e d i a t e d  b y  t he  s t r i a  t e r m i n a l i s  s wh ich  connec t s  t he  
a m y g d a l a  a n d  h y p o t h a l a m u s .  On t he  con t r a ry ,  s t imu la -  
t i on  of t he  h i p p o c a m p u s  impedes  o v u l a t i o n  in cyclic r a t s  13. 

The  l imbic  s y s t e m  has  cyclic modi f i ca t ions  in  i t s  oxi- 
d a t i v e  m e t a b o l i s m  w h i c h  d i s appea r  w i t h  o v a r i e e t o m y  2, 
e x p e r i m e n t a l  d i abe tes  13, and  on  p o s t n a t a l  t r e a t m e n t  w i t h  
t es tos te rone .  I n  a d d i t i o n  to t h e i r  s t a t e  of p e r m a n e n t  
estrus ,  t he  and rogen ized  ra t s  p r e s e n t  a p ic tu re  s imi la r  to  
t h a t  of d ies t rus .  E x p e r i m e n t a l  d a t a  s imi la r  to  those  
o b t a i n e d  in androgen ized  r a t s  h a v e  been  o b t a i n e d  w i t h  
ma le  animals .  These  a l t e r a t i ons  in  the  l imbie  s y s t e m  m a y  
be  due  to  h o r m o n a l  d i sequ i l ib ra t ion  c o n s e q u e n t  on  and ro -  
geniza t ion ,  or poss ib ly  m a y  be  a d i rec t  effect  of t he  post -  
n a t a l  t r e a t m e n t .  

Resumen. Se h a  e s tud iado  el m e t a b o l i s m o  ox ida t ivo  de 
a m i g d a l a  e h i p o c a m p o  en r a t a s  en  fase de estro,  d ies t ro  y 
and rogen i zadas  p o s t n a t a l m e n t e  con t e s tos t e rona .  El i  

estos an ima le s  desapa recen  las var iac iones  o b s e r v a d a s  en 
an ima le s  clclicos, p r e s e n t a n d o  unos  valores  s eme jan t e s  a 
los de diestro.  
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Multiple Lactate Dehydrogenase Alleles in the Lizard Agama stellio 

Agama stellio is p r o b a b l y  t he  m o s t  consp icuous  rept i le  
of Israel .  The  species is widely  d i s t r i b u t e d  f rom t he  ea s t e rn  
M e d i t e r r a n e a n  region to  I r aq  1. S t a n d a r d  t echn iques  of 
h o r i z o n t a l  s ta rch-ge l  e lec t rophores is  were u t i l i zed  to  
e x a m i n e  t h e  mobi l i t i e s  of t he  l a c t a t e  d e h y d r o g e n a s e  
(LDH) i sozymes  f rom 347 spec imens  of t h i s  species. W e  
used buf fe r  sy s t ems  of p H  6.0 3, a n d  8.63; a n d  t he  h i s to -  
chemica l  s t a in ing  p rocedure  of FINE a n d  COSTELLO 4. As 
a m o n g  m a n y  v e r t e b r a t e s  t h e  L D H ' s  of m a n y  l izards,  
i nc lud ing  Agama stellio, are t he  p r o d u c t s  of two d i f fe ren t  
gene t ic  loci wh ich  m a y  be  t e r m e d  H (heart)  a n d  M (mus- 
cle) 5, s. The  ac t ive  e n z y m e  is a t e t r a m e r  a n d  t he  p r o d u c t s  
of t h e  H a n d  M loci can  form h y b r i d  t e t r amer s .  I f  t he  
o r g a n i s m  was h o m o z y g o u s  a t  b o t h  loci, 5 i soenzymes  
could be  seen on  gel e lec t rophores is .  An  o rgan i sm he te ro-  
zygous  a t  one of t he  two loci could express  15 i soenzymes  7. 

W e  ut i l ized red b lood  cells lysed w i t h  dis t i l led  w a t e r ;  
a n d  ske le ta l  musc le  a n d  h e a r t  t i ssue  f rom w h i c h  t he  L D H  
was e x t r a c t e d  no t  b y  t he  c o n v e n t i o n a l  m e t h o d  of t i ssue  
g r ind ing  b u t  b y  soak ing  1 vo lume  of t i ssue  in 4 vo lumes  
of 2 %  2 - p h e n o x y e t h a n o l  in  a 0.25 M sucrose so lu t ion  s. 

V i r t u a l l y  all  of t he  spec imens  were col lected f rom areas  
a d m i n i s t e r e d  b y  I s rae l  (Table).  T h e  g rea t  m a j o r i t y  h a d  5 
equa l ly  spaced  L D H  b a n d s  in t h e  red  cell ex t rac t s .  The  
a n o d a l l y  fas ted  m i g r a t i n g  b a n d  p r e d o m i n a t e d  in h e a r t  
t issue,  t h e  s lowest  b a n d  in ske le ta l  muscle.  A t  p H  8.6 al l  
b a n d s  m i g r a t e  t o w a r d  t he  anode,  a t  p H  6.0 t he  slow b a n d s  
e x h i b i t  c a t h o d a l  m i g r a t i o n  (Figure  1). No v a r i a t i o n  in 
e lec t rophore t i c  m o b i l i t y  was seen a m o n g  t he  5- isoenzyme 
h o m o z y g o u s  l izards.  

The re  were 21 spec imens  t h a t  di f fered f rom t he  typ ica l  
p a t t e r n ,  exh ib i t ing ,  in  all, 3 d i f fe ren t  e lec t rophore t i c  
p h e n o t y p e s .  All  were 15 b a n d e d  he te rozygotes ,  w i t h  t he  
he t e rozygos i t y  i n v o l v i n g  t he  H locus 9. T he  alleles were 
a r b i t r a r i l y  cal led L D H - H ,  ( ' n o r m a l '  or commones t ) ,  
LDH-H*  ( 's lowest ' ) ,  L D H - H I  ( ' fas t ' ) ,  and  L D H - H v  ( ' ve ry  
fas t ' ) .  A t  p H  8.6 d i s t i n c t  d i f ferences  could be  seen be-  

tween  t h e  mobi l i t i e s  of t he  he t e rozygo te s  Hn[ a n d  Hnv. 
A t  p H  6.0 t he  m o b i l i t y  appea r s  tobe  t he  same  (F igure  1). 
The  lower  p H  prov ides  super io r  r eso lu t ion  of t he  expe- 
c ted  15 isoenzymes.  

All  t he  he t e rozygo tes  were c o n c e n t r a t e d  in a r e l a t i ve ly  
l imi t ed  geographic  a rea  (Figure  2, Table) .  The  allele H v 
was found  a t  all  m a j o r  col lec t ing  si tes w i t h i n  t h e  a rea  
encompassed  b y  t he  presence  of he te rozygotes ,  b u t  nowh-  
ere was i t  c o m m o n  (Table).  T h u s  i t  is no t  su rp r i s ing  t h a t  
no  Hvv homozygo te s  were found.  The  o t h e r  alleles were 
even  rarer ,  and  aga in  h o m o g z y o t e s  would no t  h a v e  been  
expected .  The  alleles H I  a n d  H 8 were l imi t ed  in d i s t r ibu-  
t ion ,  t he  fo rmer  to  a single area  in  t he  Golan  a n d  t he  l a t t e r  
a t  2 s i tes  s epa ra t ed  b y  a l inear  d i s t ance  of a b o u t  50 k m  
(Figure  2). 
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Locali t ies sampled,  hea r t  L D H  genotypes  and gene frequencies of Agama stellio 

EXPERIENTIA 28/3 

Map Local i ty  No, of Genotypes :  
No. 

Gene frequencies (%) 

Specimens Hnn Hnv Hnl Hns Hn Hv HI Hs 

1 Sede Boqer  region s 14 14 
2 Arad  5 5 
3 Be 'er  Sheva 19 19 
4 L a h a v  2 2 
5 Je rusa lem region b 35 35 
6 Tel Av iv  44 44 
7 Hadera  27 27 
8 Ha i fa  23 23 
9 Be t  Alfa  73 66 2 0 

10 Kare Deshe region~ 43 35 7 0 
11 B a r ' a m  6 4 2 0 
12 Baniass  region a 18 15 1 2 
13 N a h a r i y y a  region e 34 33 1 0 

100 0 0 0 
100 0 0 0 
100 0 0 0 
100 0 0 0 
100 0 0 0 
100 0 0 0 
100 0 0 0 
100 0 0 0 
95.2 1.4 0 3.4 
90.7 8.1 0 1.2 
83.3 16.7 0 0 
91.7 2.8 5.6 0 
98.5 1.5 0 0 

Not  shown on map  
Sinai  Peninsula  (no precise 
locali ty)  3 3 0 0 0 100 
Southern  Jo rdan  1 1 0 0 0 100 

Tota l  347 326 13 2 6 

Sex of he terozygotesf  4c~, 29 2~ 1~ 

0 0 0 
0 0 0 

Includes ' E n  Aveda t  (2 spec.), b Includes  Zova (16 spec.). Qi rya t  Anav im (18 spec.), o Includes  A m m i ' a d  (8 spec.) ; Capernaum (1 spec.) ; Golani  
Road junct ion.  (2 spec.) and  2 km N of Tiber ias  (2 spec.), a lnc ludes  Dan (3 spee.). ~Includes Sa 'a r  (23 spec.) and  Kabr i  (6 spee.). *Sex 
was de te rmined  by  ex te rna l  characters .  Sex of juveni les  is unknown.  

Fig. 1. Eleetrophoresis  of hemolysed  red blood cells s ta ined  for LDH.  Arrow ind ica tes  or ig in;  + ,  the anode. The 4 observed pheno type  
are shown, r igh t  to left  Hnn homozygote  (N]N) ; Hn] heterozygote  (N/F) ; Hnv heterozygote  (N[V) ; and  Hns heterozygote  (N/S). a) pH  8., 
gel, c lear ly  showing the 4 observed phenotypes ,  b) p H  6.0 gel u t i l iz ing  same specimens as in  a). Note  absence of electrophoret ic  differenc 
be tween Hnv (N[V) and Hn[ (N/F) b u t  increased resolut ion of all  the  isozymes.  
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The comm on  allele Hn and  the  va r ian t s  were not  equal ly  
expressed.  I t  was clear on all gels t h a t  con ta ined  samples  
w i t h  Hn[ or Hnv p h e n o t y p e s  t h a t  t he  n4 t e t r a m e r  was  
expressed more  s t rongly  t h a n  the  v, or [4 (Figure 1). This 
difference of express ion  was t e m p e r a t u r e  independen t ,  
for gels incuba ted  wi th  the  s ta in ing mix tu re  a t  4 ~ 20 ~ 
and  37 ~ all had  the  same u l t imate  pa t t e rn ,  a l though the  
ra te  of s ta in ing was, of course, slower a t  the  lower t em-  
pera tures .  

We are no t  in a posi t ion to  de te rmine  the  genetic or 
ecological significance of the  LDH var ia t ion  in the  no r the rn  
and  eas te rn  por t ion  of Israel.  One could argue wi th  equal  
gusto t h a t  na tu ra l  selection is ma in t a in ing  the  poly-  
morph i sm,  or t h a t  select ion is re laxed pe rmi t t i ng  var iabi -  
l i ty.  

We  believe t h a t  t he  single mos t  s t r ik ing observa t ion  is 
t h a t  only where  t he  re la t ive ly  rare allele H v is es tabl ished 
do we f ind ye t  ano the r  rare allele. In teres t ingly ,  a some- 
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Fig. 2. Collecting localities of Agama stellio. Black circles are major 
collecting sites. Numbers correspond to localities listed in the Table. 
Hatching shows areas of HLDH homozygosity and heterozygosity. 
Localities 1-8 included only Hnn (N/N) homozygotes (169 specimens). 
Localities 9-13 included all the heterozygotes that were found. Allele 
LDH-H v was found at sites 9 13; LDH-H s at 9 and 10; LDH-Hf at 
12. Areas in white imply lack of specimens, not absence of the species. 

wha  t paral lel  case of L D H  var ia t ion  has been descr ibed 
for man.  GIBLETTI0 reviewed genet ic  marker s  in h u m a n  
blood and dismissed L D H  in a few shor t  pa rag raphs  
because va r i a t ion  i s  so rare  in man.  Ye t  KRAUSS and  
NEELyl l  found  3 d i f ferent  va r i an t s  of t he  M L D H  locus 
in a re la t ively  smal l  sample  f rom a res t r ic ted  area. OHNO 
et al. x~ suggested t h a t  p o l y m o r p h i s m  migh t  genera te  
addi t ional  po lymorph i sm,  t he  new alleles being the  resul- 
t a n t s  of in t rac is t ronic  crossing over  in a he te rozygous  
parent .  This  migh t  account  for our unusual  f inding because 
once a second allele was establ ished,  o ther  alleles could 
arise by  cross-over.  

To en te r  the  rea lm of speculat ion,  it  seems probable  t h a t  
t he  gene p roduc t s  of alleles H~ and  H~ differ b y  a single 
amino  acid ; t h a t  even  in the  comple te  absence of sequence 
da t a  we can make  an educa ted  guess as to  the  na ture  of 
th is  difference;  and  t h a t  th is  difference could have  arisen 
th rough  in t rac is t ronic  cross-over.  

A t  p H  6.0 his t id ine ,  arginine, and  lysine are all posi t ively 
charged,  whereas  a t  p H  8.6 h is t id ine  is neutral .  Thus  
subs t i tu t ion  of an arginine or lysine codon in Hf  ~rom a 
h is t id ine  codon in Hv would account  for the  observa t ion  
on gel-electrophoresis  of ident ical  mobi l i ty  a t  p H  6.0, 
d i f ferent  mobi l i ty  a t  p H  8.6. 

Two of the  codons for h is t id ine  (CAU and  CAC) differ  
by  only a single base  pai r  f rom 2 of t he  codons for arginine 
(CGU and CGC). The codons for lysine are no t  so closely 
re la ted  to arginine or his t idine.  W h e t h e r  by  po in t  mu ta -  
t ion or in t ra-c is t ronic  cross-over,  by  inference it appears  
t h a t  the  p roduc t s  of alleles H~ and H~' differ in the  subst i -  
t u t i on  of arginine in Hf  f rom his t id ine  in Hv18. 

Zusammen/assung. Es wurde  das gehiiufte, geographisch 
begrenzte  Auf t r e t en  mul t ip le r  Allele fiir L D H - H ,  das bei  
dell bisher  un t e r such t en  Organismen n u t  sel ten Var i an t en  
zeigt, nachgewiesen.  Ebenso  gelang die Ident i f iz ierung 
yon  e lek t rophore t i schen  Var i an t en  in Abh~ngigkei t  v o m  
pH.  
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