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b l adde r  in t he  p resence  of a ldos te rone  has  been  conf i rmed  
in severa l  expe r imen t s .  I t  was  f o u n d  t h a t  a c t i n o m y c i n  D 
(10 -s M)  i n h i b i t e d  t h e  response  t o  a ldos te rone  (10 -7 M) 
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Fig. 3. (Lower) Shows the synergistic effect of 1 mM pyruvate added 
to substrate depleted bladders in the absence (--O--$--) and presence 
(-�9 �9 of 10 -6 M cycloheximide. 
(Upper) Shows the synergistic effect of 1 mM pyruvate added to 
substrate depleted bladders in  the absence (--O--O--) and presence 
( - 0 - -  �9 of 10 -s M actilfomycin D. The results represent the mean 
of 2 experiments. 

w h e n  added  10 ra in  before  or 5 ra in  a f te r  t he  h o r m o n e  
(Figure 2). However ,  w h e n  added  10 ra in  a f t e r  t h e  h o r m o n e  
t he  n o r m a l  a ldos te rone  response  was  developed.  Th i s  
fa i lure  of a c t i n o m y c i n  D to  i n h i b i t  t h e  h o r m o n e  response  
is in  c o n t r a s t  to  t he  i n h i b i t o r y  effect  obse rved  w i t h  10 -s M 
cyc loheximide .  

I n  s u b s t r a t e  dep le ted  b l adde r s  we fail  to  get  a n  aldo- 
s te rone  (10 -v M) response  in a g r e e m e n t  w i t h  t he  observa-  
t ions  of LEAF a n d  SI{ARP% W e  h a v e  found  (Figure  3) t h a t  
a c t i n o m y c i n  D fails to  i n h i b i t  t he  synerg i s t i c  effect  of 
p y r u v a t e  in  c o n t r a s t  to  t h e  i n h i b i t o r y  effect  o b t a i n e d  
w i t h  10 -6 M cyc loheximide .  The  p y r u v a t e  synerg i s t i c  
response,  expressed  as a p e r c e n t a g e  increase  in SCC did  
no t  v a r y  s ign i f i can t ly  over  t i le 6 h per iod  e i t he r  in  t h e  
absence  or p resence  of 10-6 M a c t i n o m y c i n  D a d d e d  10 mil l  
a f t e r  t h e  ho rmone .  The  s i m u l a t o r y  effect  of a c t i n o m y c i n  
D on N a  + t r a n s p o r t  in  t he  presence  of 10 -9 M a ldos te rone  
is t a k e n  as ev idence  for t r a n s l a t i o n a l  con t ro l  of p ro t e in  
s y n t h e s i s  as p a r t  of t h e  m e c h a n i s m  of a ldos te rone  ac t ion  
in  t o a d  b ladder .  I t  is sugges ted  t h a t  all  t r a n s c r i p t i o n a l  
effects of t h e  h o r m o n e  m a y  be  assoc ia ted  w i t h  t he  h ighes t  
a f f in i ty  b i n d i n g  sites. The  second set  of b i n d i n g  s i tes  
cha rac t e r i s ed  as ca t ion ic  b y  aga r  gel e lec t rophores i s  4 
m a y  be i nvo lved  w i t h  repress ion  of pos t  t r a n s c r i p t i o n a l  
inh ib i to r s .  

Zusammen/assung. Die b i o c h e m i s c h e n  W i r k u n g e n  v o n  
Aldos t e ron  in  de r  K r 6 t e n b l a s e  w u r d e n  u n t e r s u c h t  u n d  
der  Mechan i smus  der  H o r m o n w i r k u n g  d i sku t ie r t .  
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Intraspecific Variation of Lactate Dehydrogenase (LDH) Isoenzymes in Some Belone belone 
Populations from the Adriatic and Tyrrhenian Seas 

I n  r ecen t  years ,  i n f o r m a t i o n  on  L D H  is�9 
(E.C. 1.1.1.27) ill Te leos t  f ish has  g rea t ly  expanded .  These  
s tud ies  h a v e  d e m o n s t r a t e d  t h a t  t h e  e lec t rophore t i c  
p a t t e r n  of th i s  t e t r a m e r i c  enzyme,  w h i c h  is u b i q u i t o u s  in 
al l  o rgans  a n d  t issues,  is cons ide rab ly  more  complex  
t h a n  t h a t  found  in h i g h e r  ve r t eb r a t e s .  I n  fact ,  bes ides  t h e  
A a n d  B (or M a n d  H) loci, cha rac t e r i s t i c  of m a m m a l s  a n d  
b i rd s  a n d  p r o b a b l y  homologous  to  these  l, 2 more  loci 
h a v e  been  descr ibed  in  teleosts .  T he  f i rs t  locus, p o s t u l a t e d  
b y  MARKERT a n d  FAULHABERT ~, d e s i g n a t e d  E, ha s  a 
h i g h  t i ssue  specif ic i ty  a n d  is a l m o s t  exclus ive ly  ac t ive  in 
re t ina ,  lens a n d  bra in ,  a l t h o u g h  i t  m a y  s o m e t i m e s  be  
ac t ive  ill t h e  h e a r t  musc le  a-5. T he  second locus, de s igna t ed  
L, was  descr ibed  b y  LUSH 6 a n d  is m o s t  ac t ive  ill t h e  l iver.  
B y  con t ras t ,  no  desc r ip t ion  is ava i l ab le  of a locus 
co r r e spond ing  to  t h e  C locus, wh ich  is cha rac t e r i s t i c  of 
t h e  ear l ies t  s p e r m a t o g e n e t i c  s tages  in  b i rds  a n d  m a m -  
ma l s  7-9. 

A n u m b e r  of cases of in t raspec i f ic  p o l y m o r p h i s m ,  
d e p e n d i n g  on  m u t a t i o n  of some of t h e  above  l i s ted  loci, 
h a v e  been  repor ted .  A m o n g  t h e  teleosts ,  w h i c h  are of 
p a r t i c u l a r  i n t e r e s t  here,  some cases of in t raspec i f i c  
p o l y m o r p h i s m  h a v e  been  descr ibed  in Clupea arengus lo, 
in  va r ious  Sa lmon id  species ~1-14, ill some cod popu la -  
t i ons  2, 6,10, ~5,16 a n d  in Lepidorhombus whiff-iagonis 1~. 

This  p a p e r  descr ibes  a pecu l ia r  p a t t e r n  of in t raspec i f ic  
L D H  p o l y m o r p h i s m  in Belone belone (Teleostea,  Belonidae)  
p o p u l a t i o n s  f rom d i f fe ren t  geographic  areas.  

Materials and methods. The  e lec t rophore t i c  b e h a v i o u r  
of L D H  f rom 2 sepa ra t e  Belone belone p o p u l a t i o n s  was 
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Fig. 1. Lactate dehydrogenase isoenzyme patterns from BeIone belone organs and tissues of the 3 genotypes. 1, heart; 2, white 
skeletal muscle; 3, red skeletal muscle; 4 retina; 5, liver; S, start. 

analyzed.  One popula t ion  was collected f rom the  Adriat ic  
Sea in September  of 2 consecut ive  years, and the  other,  
f rom the  Tyr rhen ian  Sea, again in September .  Tile number  
of specimens and col lect ion sites are shown in the  Table.  
I m m e d i a t e l y  af ter  capture,  the  fish were kept  on ice, bu t  
once in the  l abora to ry  they  were stored at  - -20~ unt i l  
analyzed.  The  t ime between capture  and analysis was 
never  more t h a n  a for tnight .  

In i t ia l ly  the  L D H  isoenzymes f rom heart ,  whi te  
skeletal  muscle, red skeletal  muscle, re t ina  and l iver  were 
separa ted;  bu t  af ter  ident i f icat ion of po lymorph i sm 
pat tern ,  only  the  isoenzymes of the  whole eye were 
examined.  The var ious  organs and tissues were carefully 
washed in 0.1 iV/lris buffer, ad jus ted  to p H  7 by  means  
of HC1, and cooled to 4~ All the  samples were then  
homogenized wi th  2 or  3 t imes  the  sample weight  of this  
buffer, t t omogena tes  were centr i fuged for 30 min  at  
100,000 x g  at  0~ in a refr igerated M.S.E.  centrifuge.  
The  superna tan t  was e i ther  used for electrophoresis a t  
once, or s tored a t  - -20 ~ unt i l  anatyzed.  

Electrophoresis  was run  on s tarch gel. The  s l ight ly 
modif ied POULII~tS system of discontinuous buffers was 
found to  be the  best. Buffers of 0.076 M tris and 0.5 M 
citric acid a t  p H  8.6 were used for gels and the  buffers for 
the  electrode cuvet tes  were 0.3 M bora te  and 0.5 M 
sodium hydroxide  at  p i t  8.6. Electrophoresis  was carried 
ou t  for 2 h at  2~ wi th  a vol tage  drop of 20 V/cm across 
the  gel. 

Fo r  molecular  hybr id iza t ion  in v i t ro ,  the  whole eye was 
used. One eye was r emoved  from each specimen and 
homogenized.  Electrophoresis  of this mater ia l  pe rmi t t ed  
the  ident i f icat ion of LDI-I pheno type  and hence the 
p resumpt ive  genotype  (see Figure  1). Then  the  remaining 
eyes were excised and the  2 p resumpt ive  homozygotes  
were homogenized together .  In  this procedure the  same 
buffer was used, though made  up to 0.5 M MAC1. The 
homogena te  was repea ted ly  subjected to freezing ( - -30 ~ 
and thawing  to faci l i tate  hybridizat ion.  

The gels were stained for L D H  ac t iv i ty  using the 
procedure  of WHITT ~. The control  for no th ing  dehydro-  
genase or alcohol dehydrogenase was accomplished by  
incubat ing  the  gels in all the  s taining components  
excep t  L-lactate, 

Results and discussion. Elec t rophore t ic  plates (Figure 1) 
clearly show t h a t  mul t ip le  and po lymorphic  L D H  
isoenzjzmes were encountered in Belo~r belone. 3 pheno-  
types  can readi ly  be recognized:  2 are dis t inct  f rom each 
other,  and the  th i rd  one clear ly  displays an in te rmedia te  
pa t te rn ,  The occurrence of 3 phenotypes  could be 
expla ined as 2 homozygous  genotypes which in crossing 
produce a hybr id  wi th  in te rmedia te  characterist ics.  Le t  

the  2 p resumpt ive  homozygous  genotypes  be designated 
Ldh-1/Ldh-1 and Ldh-2/Ldh-2, and the  p resumpt ive  
heterozygous genotype Ldh-1/Ldh-2 (Figure 1). The  
Ldh-1/Ldh-1 genotype  produced  a single band, apparen t ly  
corresponding to a L D H  homote t ramer ,  in all the  organs 
and tissues, except  the re t ina  in which the  E 4 homote t ra -  
met  was also found. This  was t rue  for the Ldh-2/Ldh-2 
genotype as well, for the  only homote t r amer  occurr ing in 
all the  organs and tissues bu t  wi th  a different  migrat ion.  
The heterozygous genotype Ldh-1/Ldh-2 was composed of 
5 LDH-isoenzymes ,  apparen t ly  corresponding to 2 L D H  
homote t r amers  and 3 L D H  hetero te t ramers ,  as would  be 
expected from random assor tment  of 2 s t ruc tura l ly  
different  L D H  polypeptid~es into te t ramer ic  enzyme 
molecules, in all  the  organs and tissues except  the  ret ina,  
in which, obviously,  the  E 4 homote t r amer  also occurred.  
Moreover,  some bands of uncer ta in  significance also 
appeared f rom the  re t ina  of all 3 genotypes ;  t h e y  were 
probably  he te ro te t ramers  consist ing of type  E subunits,  
which combined wi th  the  subuni ts  produced by  Ldh-1 
and Ldh-2 loci. Molecular hybridizat ion,  ob ta ined  th rough  
s imul taneous  homogeniza t ion  of p resumpt ive  homo-  
zygotes in the  presence of 0.5 M MAC1, seems to confirm 
tha t  the  Ldh-1/Lhd-2 genotype is ac tual ly  the hetero-  
zygous one (Figure 2). 

Fig. 2. Lac ta te ,dehydrogenase i soenzyme pa t t e rns  of the eye i l lus t ra t -  
ing  the in vitro molecular hybridization. 1, genotype Ldh-l[Ldh-1; 
2,4, genotype Ldh-l[Ldh-2; 5, genotype Ldh-2lLdh-2; 3, eyes of the 
2 homozygous genotypes homogenized together; S, start. 

lS IV[. D. POULIK, Nature  780, 1477 (1957). 



15.10. 1973 Specialia 1203 

Sample locality Date No. of 
specimens 

Frequency of genotypes Allele frequency 
Ldh-1 Ldh-2 

Ldh-1/Ldh-1 Ldh-1/Ldh-2 Ldh-2/Ldh-2 X 2 

Volano Beach 
(Adriatic Sea - 100 km south 
of Venice) 

The Gulf of Naples 
(Tyrrhenian Sea) 

September1971 476 

September 1972 421 

September 1972 706 

Obs. 165 234 77 0.22 0.592 0.408 
Exp. 166.8 239.9 79.2 

Obs. 149 209 63 0.53 0.602 0.398 
Exp. 152.5 201.7 66.6 

Obs. 286 317 103 0.98 0.629 0.371 
Exp. 279.3 329.5 97.1 

Our hypo theses  were also conf i rmed by  the  good fi t  
be tween  the  observed  and  expec ted  gene f requencies  
(see t he  Table). The gene f requency  was near ly  ident ical  
in the  var ious  popula t ions .  This is no t  surpr is ing in v iew 
of the  wide range and high ra te  ot migra t ion  of Belone 
belone popula t ions  l iving in the  Medi t e r ranean  Sea. 

The foregoing observa t ions  show t h a t  bo th  Adr ia t ic  
and  Tyr rhen ian  popu la t ions  of Belone belone conta in  
2 panmic t i c  homozygous  geno types  of L D H  isoenzyme 
(Ldh-1/Ldh-1 and  Ldh-2/Ldh-2), which  t h rough  inter-  

breeding,  yield a hybr id  (Ldh-1/Ldh-2) displa ing in ter-  
med ia t e  features.  

Riassunto. Gli isoenzimi d e l l a  L D H  di Belone belone si 
p re sen tano  mul t ip l i  e pol imorf i  al l 'anal is i  e le t t roforet ica .  
Nelle popolaz ioni  s tud ia te  si m e t t o n o  in evidenza  3 
genot ip i  diversi,  2 dei  quali  a se s t an t i  ed 1 con cara t te r i s t i -  
che in termedie .  L ' ib r idaz ione  molecolare  in v i t ro  ed il 
COllfronto Ira le f requenze  genot ip iche  osservate  e teor iche  
d imos t r ano  che si t r a t t a  di  2 genot ip i  omozigot i  che 
incrociandosi  danno  un ibr ido con ca ra t t e r i s t i che  in ter-  
medie.  
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Effec t s  of  G l y c i n e  a nd  Ser4ne  o n  S e r i n e  H y d r o x y m e t h y l t r a n s f e r a s e  L e v e l s  in  
L o g a r i t h m i c  C u l t u r e s  of  Neurospora  crassa W i l d  T y p e  an d  Ser-I  m u t a n t  

F r o m  recen t  deta i led  inves t iga t ions  it is clear t h a t  
t he  fo rma t ion  and  me tabo l i sm of one-carbon uni ts  ill 
mic roorgan isms  is f inely regulated.  This  m a y  be achieved 
by  repress ionl -S  of cer ta in  key p t e roy lg lu t ama te9  
d e p e n d e n t  enzymes  and  by  feedback  inhib i t ion  of the i r  
ac t iv i ty  S, 10-~3. As the  serine h y d r o x y m e t h y l t r a n s f e r a s e  
reac t ion  is general ly  considered to  be the  ma jo r  phys io-  
logical rou te  for syn thes i s  of C-1 uni ts  i t  is conceivable  
t h a t  t he  fo rma t ion  as well as me tabo l i sm of 5,10-CHz- 
H~PteGlu will be control led  in these  sys tems.  In  Escheri- 
chia coli 113-3 such contro l  is exer ted  by  exogenous  
L-methionine  ~ which  regula tes  t he  avai labi l i ty  of C-1 
uni ts  by  repress ion and  derepress ion  of serine h y d r o x y -  
methy l t r ans fe rase .  In  an ame thop te r in - r e s i s t an t  s t ra in  
of Streptococcus ~aecium 3 high  levels of L-serine in t he  
cul ture  m e d i u m  cause some repress ion of th is  enzyme ' s  
synthesis .  In  Saccharomyces cerevisiae, where  the  ~- 
ca rbon  of serine is a d i r e c t  precursor  of the  m e t h y l  
ca rbon  of me th ion ine  x4, i t  is clear t h a t  syn thes i s  of 
5-CH3-H4PteGlu is regu la ted  by  th is  l a t t e r  amino  acid s, 13 
and  t t la t  glycine s t imula tes  fo rma t ion  of serine h y d r o x y -  
me thy l t r ans fe ra se  ~5 

As p a r t  of a con t inu ing  studyS, 13 of C-1 me tabo l i sm 
in fungi, the  p re sen t  inves t iga t ion  has examined  the  
possible regulat io  n of serine h y d r o x y m e t h y l t r a n s f e r a s e  
by  glycine, serine and  me th ion ine  in Neurospora crassa 
wild type .  Compara t ive  s tudies  w i th  a N .  crassa serine- 
glycine a u x o t r o p h  (Set-l), known  to  be def icient  in 
syn thes i s  of serine f rom p h o s p h o h y d r o x y p y r u v a t e  ~s, 
are  also repor ted .  

Materials and method. Neurospora crassa Lindegren  
A (FGSC no. 853) and  Ser-7 m u t a n t  s t ra in  H605a 
(FGSC n o . l l S )  were cul tured  aerobical ly  a t  25~ in the  
min imal  m e d i u m  of WESTERGAARD and  MITCHELL 17 
modif ied  to  include a m m o n i u m  citratelS. 6 1 a l iquots  of 
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