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po lymorph i sm)  a n d  m e a n  p r o p o r t i o n  of loci he t e rozygous  

pe r  ind iv idua l ,  H,  for D a l t o n  a n d  H a d e r a  popu l a t i ons  

r e spec t ive ly  were:  ~ = 1.06, 1.06; P = 0.062, 0.062; 

= 0.021, 0,028. Mean  /~r for P. syriacus was 0.024. 
He t e rozygos i t y  in  P. cultripes, b a s e d  on  t h e  3 spec imens  
ana lyzed ,  was 0.011. 

The  p a t t e r n  of genet ic  v a r i a t i o n  in Pelobales is bes t  
exp la ined  b y  t h e  e n v i r o n m e n t a l  v a r i a b i l i t y  model .  Selec- 
t i on  for h o m o z y g o s i t y  as an  a d a p t i v e  s t r a t e g y  seems to  
ope ra te  in  t he  r e l a t ive ly  n a r r o w  a n d  c o n s t a n t  s u b t e r r a -  
n e a n  n iche  s, s, 9. LEVlNS' 10 t h e o r y  of f i tness  suggests  t h a t  
t he  a m o u n t  of genet ic  v a r i a t i o n  is a d a p t e d  to  env i ron-  
m e n t a l  h e t e r o g e n e i t y  and  u n c e r t a i n t y .  Therefore ,  h o m o -  
zygous p a t t e r n s  are expec ted  to  be  a d a p t i v e l y  selected in 
species occupy ing  re l a t ive ly  n a r r o w  and  c o n s t a n t  niches,  
as is also p o s t u l a t e d  b y  t he  n i c h e - v a r i a t i o n  model  ~. The  
s u b t e r r a n e a n  n iche  is ecological ly nar rower ,  more  con-  
s t a n t  and  p red i c t ab l e  t h a n  surface  e n v i r o n m e n t s  in t e r m s  
of a n n u a l  and  da i ly  f l uc tua t ions  of t e m p e r a t u r e  and  
re la t ive  h u m i d i t y  11. 

The  e v o l u t i o n a r y  h i s t o r y  of t he  pe loba t id s  is v e r y  long, 
d a t i n g  b a c k  to  Cre taceous  t i m e s  12, a n d  t h a t  of t he  m o d e r n  
species of Pelobates to  t h e  Miocene  13. T h r o u g h o u t  i ts  
long h i s to ry  Pelobates evo lved  b u r r o w i n g  h a b i t s  t h a t  
m a d e  i t  a n a r r o w  h a b i t a t  special is t  l iv ing in a r e l a t i ve ly  
c o n s t a n t  and  h i g h l y  p red i c t ab l e  u n d e r g r o u n d  env i ron-  
m e n t ,  and  t h u s  in su la t ed  f rom sho r t  t e r m  e n v i r o n m e n t a l  
p e r t u r b a t i o n s .  I n  Israel ,  a d u l t  spadefoo ts  are m a i n l y  
seen above  g r o u n d  a t  n i g h t  d u r i n g  t he  sho r t  w in t e r  
b r eed ing  season, spend ing  t he  g rea te r  p a r t  of t h e i r  
exis tence,  d u r i n g  t he  d l y  a n d  h o t  summer ,  u n d e r g r o u n d  
(NEVO, unpub l i shed) .  S ign i f i can t ly  lower genet ic  va r i a -  
t i on  was found  in Pelobates w h e n  c o m p a r e d  to t he  h a b i t a t  
i n t e r m e d i a t e  species Rana ridibunda and  Hyla arbores, 
a n d  t he  h a b i t a t  genera l i s t  Bu[o viridis, w h e n  all 4 species 
were sampled  a t  t h e  same  si tes 9. I t  the re fore  appea r s  
p laus ib le  t h a t  t he  re la t ive  n a r r o w n e s s  and  c o n s t a n c y  of 
t he  s u b t e r r a n e a n  n iche  are  t he  m a j o r  se lec t ive  de te r -  
m i n a n t s  of h igh  h o m o z y g o s i t y  in spadefoots  in accord  
w i t h  t he  p red ic t ion  of t he  n i c h e - v a r i a t i o n  model  a and  
t he  t h e o r y  of a d a p t i v e  s t ra teg ies  lo. 

A l t e r n a t i v e  e x p l a n a t i o n s  to  t he  ex t r em e  h o m o z y g o u s  
p a t t e r n s  of Pelobates can  be  ru led  out .  Firs t ,  genet ic  d r i f t  
seems an  un l ike ly  a g e n t  of h o m o z y g o s i t y  since b o t h  t he  

D a l t o n  a n d  H a d e r a  popu l a t i ons  of P. syriacus are q u i t e  
large, i nvo lv ing  h u n d r e d s ,  if no t  t h o u s a n d s ,  of b r e e d i n g  
adul ts .  Second,  n e u t r a l i t y  also appea r s  unl ikely .  The  
e v o l u t i o n a r y  h i s to ry  of t he  m o d e r n  species of Pelobates 
is c e r t a i n l y  long enough  to  resu l t  in t o t a l  f ixa t ion  if 
n e u t r a l i t y  i ndeed  operatecD~. Nor  can  m i g r a t i o n  exp la in  
t he  es terase  p o l y m o r p h i s m ,  since t he  H a d e r a  and  D a l t o n  
p o p u l a t i o n s  are p r o b a b l y  geograph ica l ly  d i s junc t  a n d  
t he  two Pelobates species are c e r t a i n l y  geograph ica l ly  and  
r e p r o d u c t i v e l y  isolated.  

R e l a t i v e l y  low he t e rozygos i t y  cha rac te r i zes  mos t  sub-  
t e r r a n e a n  a n d  fossorial  m a m m a l s  ye t  s tud ied  5, a n d  
also s u b t e r r a n e a n  mole crickets ,  genus  Gryllotalpa 15. 
Simi la r  r educed  genet ic  v a r i a t i o n  assoc ia ted  w i t h  in-  
c reas ingly  homogeneous  e n v i r o n m e n t s  ha s  been  d e m o n -  
s t r a t e d  in m a r i n e  bivalves1% in bees  17, and  was exper i -  
m e n t a l l y  gene ra t ed  in Drosophila b y  1DOWELL ls a n d  
MCDO~V~LD a n d  AYALA 19. 1Despite some ev idence  to  t h e  
c o n t r a r y  2~ a growing b o d y  of ev idence  ind ica tes  an  
overa l l  pos i t i ve  cor re la t ion  be tween  p ro t e in  po lymor -  
p h i s m s  and  e n v i r o n m e n t a l  h e t e r o g e n e i t y  g, 21, ~. I t  t he re -  
fore appea r s  p laus ib le  t h a t  allelic v a r i a t i o n  of p ro t e in  
p o I y m o r p h i s m s  is a t  leas t  p a r t l y  a d a p t i v e  and  is regu-  
l a t ed  in n a t u r a l  popu la t i ons  b y  se lect ion in accord w i t h  
an  index  of e n v i r o n m e n t a l  d ivers i ty .  
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Summary. R e a c t i v a t i o n  effects  b y  glycerol  and  e thy lene  glycol of i n a c t i v a t e d  ALA s y n t h e t a s e  of R. spheroides were 
observed .  A c c o m p a n y i n g  t h e  r e a c t i v a t i o n  of the  i n a c t i v a t e d  enzyme,  Km va lue  for P L P  decreased  to levels s imi lar  
to  those  of t i le f resh ly  p r e p a r e d  enzyme.  

2 -Mercap toe thano l  is t he  m o s t  p o p u l a r l y  used  a n d  
p o t e n t  s tab i l i ze r  of &amino levu l in i c  acid ( A L A ) s yn the -  
t ase  (E.C. 2.3.1.37), a r e g u l a t o r y  e n z y m e  of t he  t e t r a -  
py r ro le  b i o s y n t h e t i c  p a t h w a y ,  of some b a c t e r i a  a n d  of 
a n i m a l  t issues,  b u t  t he  effect  becomes  less r e m a r k a b l e  
as t he  pu r i f i ca t i on  of t h e  e n z y m e  proceeds  and  f ina l ly  i t  
is i n h i b i t o r y  on  t h e  a c t i v i t y  of t h e  h igh ly  pur i f i ed  ALA 
s y n t h e t a s e  1, 2. As a n o t h e r  s t ab i l i ze r  of th i s  enzyme,  some 
workers  r ecen t l y  appl ied  glycerol  wh ich  is we l l -known as 
a c r y o p r o t e c t a n t ;  t h e y  r e p o r t e d  t h a t  10% a,4 and  30% 5 
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glycerol  s tab i l ized  A L A  s y n t b e t a s e  of Rhodopseudomonas 
spheroides. D u r i n g  e x a m i n a t i o n  of glycerol,  and  a t  t h e  
same  t i m e  of e t h y l e n e  glycol, on A L A  s y n t h e t a s e  of 
R. spheroides, we f o u n d  t h a t  b o t h  glycerol  a n d  e thy l ene  
glycol no t  on ly  p r o t e c t  the  e n z y m e  f rom inac t i va t i on ,  b u t  
also r e a c t i v a t e  t he  i n a c t i v a t e d  enzyme.  This  i n t e r e s t i ng  
f ind ing  was  f u r t h e r  k ine t i ca l ly  ana lyzed  and  i t  was  found  
t h a t  a c c o m p a n y i n g  t he  r e a c t i v a t i o n  of the  i n a c t i v a t e d  
e n z y m e  Km va lue  for p y r i d 0 x a l - 5 ' - p h o s p h a t e  (PLP) ,  
b u t  n o t  for glycine,  dec reased  to  s imi la r  levels  of t hose  
of t he  f resh ly  p r e p a r e d  enzyme.  

Materials and methods. R. spheroides (NCIB 8253) 
cells were c u l t u r e d  as p rev ious ly  2. A L A  s y n t h e t a s e  was  
pur i f ied  f rom c rude  e x t r a c t s  of R. spheroides as pre-  
v ious ly  2 b y  t he  t r e a t m e n t  w i t h  ca lc ium p h o s o p h a t e  gel 
and  the  f r a c t i o n a t i o n  w i t h  a m m o n i u m  sulfate .  Precipi -  
t a t e s  col lected b e t w e e n  30% and  50% s a t u r a t i o n  of 
a m m o n i u m  sul fa te  were dissolved in 50 m M  p h o s p h a t e  
buffer  (pH 7.4) c o n t a i n i n g  10 m M  2 - m e r c a p t o e t h a n o l  a n d  
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Reactivation by glycerol and ethylene gIycol of the partially in- 
activated ALA synthetase. The partially inactivated enzyme by 
repeated freezing and thawing was preincubated with 30 and 50% 
glycerol or ethylene glycol (7 7.6 mg protein per nil), respectively, 
at -- 20 ~ 
�9 control; [2, 30% glycerol; A, 30% ethylene glycol; II, 50% 
glycerol; A, 50% ethylene glycol. 

Michaelis constants for PLP and glycine 

Enzymes Specific Activity Km 
(nmoles ALA formed 
per mg protein/60 min) PLP Glycine 

(~tM) (mM) 

Active 622.7 9.5 40 
(freshly prepared) 411.2 10 50 

630.9 7 -- 

Inact ivated 192.5 17.4 46.5 
210.3 30 46.5 
225.7 24.4 38 

Reactivated by 
Glycerol 

Ethylene glycol 

339.2 6 41,6 
537.7 8.5 45,5 
332.5 7.7 41.7 

a n d  d ia lyzed aga in s t  t he  same buffer .  ALA s y n t h e t a s e  
a c t i v i t y  was assayed  as descr ibed  b y  TuBoI  e t  al. 6 w i th  
s l ight  modi f ica t ions .  

Results and Discussion. After  s torage  of t he  p a r t i a l l y  
pur i f ied  ALA s y n t h e t a s e  in a m e d i u m  of 50 m M  p h o s p h a t e  
buffer  (pH 7.4) c o n t a i n i n g  10 m M  2 - m e r c a p t o e t h a n o l  a t  
4~ for 3 days,  a b o u t  50% loss of t he  or ig ina l  a c t i v i t y  
was observed .  B y  t he  a d d i t i o n  of 3 0 - 5 0 %  glycerol  or 
e thy lene  glycol to  t he  e n z y m e  solut ion,  however ,  t he  
e n z y m e  a c t i v i t y  was  comple t e ly  s tabi l ized.  Lower  con- 
c e n t r a t i o n s  of glycerol  or e thy l ene  glycol t h a n  30% was 
not ,  or less, ef fect ive  on  t he  enzyme.  S t ab i l i t y  of the  
e n z y m e  also depends  on  t he  s to rage  t e m p e r a t u r e .  As 
shown  in t he  Figure,  t he  loss of t he  enzyme  a c t i v i t y  was 
well  p r e v e n t e d  even  in the  absence  of e i the r  a lcohol  w h e n  
t he  e n z y m e  was s to red  a t  - - 2 0 ~  (control  curve) ,  b u t  
f ina l ly  a g r adua l  loss of the  e n z y m e  a c t i v i t y  occur red  
a f te r  p ro longed  s torage.  In  s h a r p  c o n t r a s t  to  t he  con t ro l  
expe r imen t ,  30% a n d  50% glycerol  or e thy l ene  glycol n o t  
on ly  s tabi l ized  t he  enzyme,  b u t  also r e a c t i v a t e d  the  
enzyme.  The  or ig ina l  a c t i v i t y  of t he  e n z y m e  used in th i s  
e x p e r i m e n t s  was  a b o u t  300 nmo le s /mg /60  m i n  a n d  the  
pa r t i a l l y  i n a c t i v a t e d  e n z y m e  (at  a b o u t  the  ha l f  of t he  
or ig inal  e n z y m e  ac t iv i ty )  was  r e a c t i v a t e d  to the  full 
o r ig ina l  a c t i v i t y  a f t e r  2 weeks s torage  a t  - -20~ The  
r e a c t i v a t i o n  effect  b y  b o t h  the  alcohols  on  the  i n a c t i v a t e d  
enzyme,  however ,  was  no t  obse rved  w h e n  t he  pre in-  
c u b a t i o n  was car r ied  o u t  a t  h ighe r  t e m p e r a t u r e  t h a n  0 ~ 
or a f t e r  p ro longed  s torage  of t h e  i n a c t i v a t e d  e n z y m e  so far  
tes ted .  Fa i lu re  to  observe  t he  r e a c t i v a t i o n  a t  h igher  
t e m p e r a t u r e  t h a n  0~ is p r o b a b l y  due  to  the  fas te r  r a t e  
of i n a c t i v a t i o n  b y  some i n h i b i t o r  or  b y  p ro te inase  
c o n t a i n e d  in t he  e n z y m e  p r e p a r a t i o n  t h a n  t h a t  of t he  
r e a c t i v a t i o n  b y  t he  alcohols.  Indeed ,  r e a c t i v a t i o n  of t he  
i n a c t i v a t e d  e n z y m e  a t  h ighe r  t e m p e r a t u r e  t h a n  0 ~ could 
be  obse rved  w h e n  t he  h igh ly  pur i f ied  enzyme  was pre-  
i n c u b a t e d  w i th  e i t he r  alcohol.  The  Tab le  shows t he  k ine t ic  
analys is  of t he  f resh ly  p repared ,  p a r t i a l l y  i nac t i va t ed ,  and  
r e a c t i v a t e d  enzymes .  Michael is '  c o n s t a n t s  for glycine 
of t he  3 enzymes  showed  s imi la r  values,  while  Km values  
for P L P  of t i le i n a c t i v a t e d  e n z y m e  were larger  t h a n  those  
of t he  f resh ly  p r e p a r e d  enzyme.  A c c o m p a n y i n g  t he  
r eac t iva t ion ,  however ,  Km va lue  for P L P  decreased  to 
levels s imi lar  to  t hose  obse rved  w i t h  t h e  f reshly  p r e p a r e d  
enzyme.  A c t i v a t i o n s  of o the r  enzymes  b y  glycerol  wh ich  
resu l ted  f rom lowering Km for s u b s t r a t e s  were r epo r t ed  b y  
o the r  workers  7,s, a n d  in such  cases t he  a c t i v a t i o n s  
occur red  i n s t a n t a n e o u s l y  in t h e  a s say  mix tu re .  The  
effect  of b o t h  alcohols  on ALA syn the t a se ,  however ,  was 
obse rved  on ly  w h e n  t he  e n z y m e  was p r e i n c u b a t e d  w i t h  
e i the r  alcohol,  a n d  t he  add i t i on  of e i t he r  a lcohol  to  the  
a s say  m i x t u r e  h a d  no effect  or was  r a t h e r  i n h i b i t o r y  on  the  
e n z y m e  ac t iv i ty .  These  resul t s  sugges t  t h a t  the  l ab i l i ty  of 
p ro t e in  c o n f o r m a t i o n  a r o u n d  t he  P L P - b i n d i n g  si te  of ALA 
s y n t h e t a s d e  is respons ib le  for t h e  pa r t i a l  i nac t iva t ion .  
E t h y l e n e  glycol showed  an  iden t ica l  effect  as glycerol  
descr ibed  above,  a n d  the  a d v a n t a g e  of t h e  fo rmer  
r e agen t  for p rac t i ca l  use is i ts  lower  v i scos i ty  in  compar i -  
son to glycerol.  

~Michaelis constants of the freshly prepared, inactivated, and reac- 
t ivated enzyme were determined for PLP and glyeine. The partially 
inactivated enzymes were prepared from the freshly prepared one 
by repeated freezing and thawing or by aging at room temperature. 
The reactivated enzymes were prepared from the partially inactivated 
enzyme by preincubafion with 50% glycerol or ethylene glycol at  
--20~ 
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