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and eukaryotes .  An example  similar  to the  present  one is 
t ha t  repor ted  by  SInOTNAK s in which muta t ions  in the  
d ihydrofola te  synthe tase  s t ruc tura l  gene of Diplococcus 
pneumoniae increase the  ra te  of product ion  of the  al tered 
enzyme product .  
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Fig. 2. Alcohol dehydrogenase activity in. the supernatant after 
incubation with antiserum. In the upper figure the crude extracts of 
the 3 genotypes were urldiluted whilst in the lower figure the 3 
genotypes were diluted to give similar initial activities. 

There  is considerable var ia t ion  in enzyme ac t iv i ty  
wi th in  bo th  fast  and slow Adh  alleles ex t rac ted  f rom 
natura t  populat ions  and the  var ia t ion  is susceptible to 
art if icial  d ivergent  direct ional  selection% I t  would be 
interes t ing to find ou t  to wha t  ex ten t  the  var ia t ion  in 
enzyme ac t iv i ty  wi th in  an e lectrophoret ic  form is due to 
changes in the  s t ruc tura l  gene or background modif ica t ion  
which results in changes in the  ra te  of product ion  of the  
enzyme molecule  ra ther  t han  to changes solely in the  
af f in i ty  of the  enzyme molecule  for its substrates.  The  
results presented  here suggest t h a t  some modif iers  a t  
least m a y  prove  to affect  alcohol dehydrogenase  ac t iv i ty  
by  changing the  ra te  of enzyme product ion.  

Rdsumd. Les techniques  immunologiques  ont  d6montr6 
que  chez Drosophila melanogaster une forme 61ectropho- 
r6t ique (~Fast~> d 'a lcool  d6shydrog6nase produi t  plus de 
mol6cules d ' enzyme  qu 'une  forme 61ectrophor6tique 
(< Slow >). On expose Ies r6sultats  en les  comparan t  & d 'au t res  
sugg6rant  des m6canismes autor6gulatoire.  
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Duplication of the Gene Loci Coding for the Supernatant Aspartate Aminotransferase by Polyploidi-  
zation in the Fish Family Cyprinidae z 

Aspar ta te  aminotransferase  (AAT; E.C.: 2.6.1.1.) is a 
widely d is t r ibuted enzyme in plant ,  animal ,  and human  
tissues. I t  catalyses the  reversible react ion L-aspartate  + 
~-ketoglutara te  ~-~ oxaloaceta te  + L-glutamate  using 
pyr idoxa l  phospha te  as the  coenzyme.  Two dis t inc t ly  
different  forms of AAT have  been described ~,3. This  
f inding has subsequent ly  been confirmed by  several  o ther  
authors~-l~ I t  has been shown t h a t  1 of these 2 forms of 
A A T  is found in the  mi tochondr ia l  f ract ion (M-form), 
while the o ther  one occurs in the  supe rna tan t  of cell 
homogenates  (S-form). E lec t rophore t ic  separat ion at  
neut ra l  p H  revealed t h a t  the  M-form migra tes  towards  
the  ca thode  and the S-form in anodal  direction.  

Among  the  ver tebra tes  s tudied so far, genet ical ly  
determined po lymorphisms  have  been found for the  S- 
form in herr ing 11, for the  M-form in mouse  (Mus muscu- 
lus) 1~, and for the  M- and S-form in man  13,1~. A trans-  
specific var iab i l i ty  for bo th  forms has recent ly  been 
described in pr imates  15. The  findings in mouse, man, and 
pr imates  can be in te rpre ted  under  the  assumpt ion  of one 
gene locus exis t ing in different  alleles. The  da ta  on genetic 
po lymorph i sm confirm invest igat ions  16,17, suggesting a 
d imeric  s t ruc ture  of ei ther  form of AAT. 

The superna tan t  form of this enzyme was in t roduced  as 
a genetic marker  in the  course of our studies designed to 
closer elucidate  the  d ip lo id- te t rap lo id  relat ionship estab- 
lished among  members  of the  fish fami ly  Cyprinidae ls-34, 

order Ostariophysi. The present  paper  reports  our  f indings 
in 3 diploid and 3 te t rap lo id  species of cyprinid  fish. 

Materials and methods. The following species were 
examined :  Barbus tetrazona (obtained f rom a local pe t  
shop), Rutilus rutilus (from the  R h i n e  river), Tinca tinca 
(Rhine r iver  and a local fish store), Barbus barbus, 
Cypri~ms carpio, and the hybr id  Carassius carassius • 
Carassius auratus (all 3 species f rom the  Rhine  river). A 
number  of different  t issues were analysed (heart, liver, 
kidney,  muscle, brain, gills, eye, and gonads). I n  the  
major i ty ,  however ,  t i le inves t igat ions  were l imi ted  to 
hear t  and liver. In  the  case of Barbus telrazona, because of 
its small  size, the  ent i re  fish was used. 

The  tissues were homogenized  1:1 in 0 .01M P Q -  
buffer, p H  7.4, frozen and thawed  twice, and centr i fuged 
a t  20,000 •  un t i l  t i le superna tan t  was clear, which was 
subjected to electrophoresis,  Gels were made  of 0 .01M 
Tris-O.OO28M citric acid buffer, p H  5.5 in a 14% starch 
gel. The  bridge buffer  consisted of a O. 155 M Tris-O. 043 M 
citric acid solution, p H  5.5. Elect rophores is  was per formed 
at  12 V/cm for 5 h, and af terwards  the  gels were sliced and 
stained in the  fol lowing solut ion:  460 mg L-aspartic acid, 
200 mg  ~-ketoglutar ic  acid, 10 mg  pyr idoxa l  phosphate ,  
and 400 mg fast  b lue  B B  salt, suspended in 150 ml  
0 .05M Tris-HC1, p H  7.6. 

In  order  to ident i fy  the  2 respect ive  forms of AAT, 
mi tochondr ia  were isolated (method according to HEN- 
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Fig. 1. S-AAT isoenzymes in Barbus tetrazona % whole fish, in liver-tissue of Rutilus rutilus b-e, heart tissue of Tinca tinca*, ~, Barbus barbush, 
Cyprinus carpioi-1, and Carassius carassius x Carassius auratusm._Phenotypes: a, AA; b, AA; c, AA'; d, A'A'; e, AA"; f, AA; g, AA'; h, AB; 
i, AB; k, AA'B; 1, AA"B; In, AB. 

DERSON 25) from one representative of each ploidy level 
(Rut i lus  ruti lus,  and  Cypr inus  carpio) and  sub jec ted  to  
e lectrophoresis .  

Results  and discussion. The s u p e r n a t a n t  fo rm of AAT, 
as ident i f ied  by  compar i son  w i t h  t he  mi tochondr i a l  form 
th rough  isolat ion of mi tochondr ia ,  mig ra t ed  anodal ly  in 
all species examined .  The d i f fe ren t  p h e n o t y p e s  found are 
shown in F igure  1. The des igna t ion  of the  d i f fe rent  
e lec t rophore t ic  bands  is given in Figure  2, assuming  a 
d imer ic  s t ruc tu re  of t he  enzyme  and  a r a n d o m  associa t ion 
of the  subuni ts .  

1. Rep re sen t a t i ve s  of t he  diploid level, a) Barbus  
tetrazona. No va r i an t  was found a m o n g  10 fishes, all of 
t h e m  exhib i t ing  one single band.  b) Rut i lus  rutilus.  A m o n g  
62 indiv iduals  a m a j o r i t y  of 40 showed one single band  
and  was there fore  refer red  to as the  wild t y p e  AA. 
19 fishes p roduced  a he te rozygo te  p a t t e r n  cons is t ing  of 
th ree  bands  (AA'), the  cor responding  va r i an t  homozygo te  
t y p e  was found  twice  (A'A'). Ano the r  he te rozygo te  va r i an t  
AA" occurred in one individual ,  c) Tinca  tinca. Out  of 33 
spec imens  inves t iga ted ,  17 exh ib i t ed  one b a n d  des igna ted  
as t he  wild t y p e  AA, 16 animals  were he te rozygous  (AA'). 

2. Rep re sen t a t i ve s  of the  te raplo id  level, a) Barbus  
barbus. 71 indiv iduals  of th is  species were examined ,  a 
var ian t ,  however ,  could no t  be de tec ted .  The t r ip le  b a n d  
p a t t e r n  found  t h r o u g h o u t  was assumed to  r ep resen t  t he  
homozygous  wild t y p e  and  m i g h t  allow us to  pos tu la te  the  
ex is tence  of 2 loci, A and  B. b) Cypr inus  carpio. In  72 
carps  49 t imes  the  homozygous  wild t y p e  p a t t e r n  AB 
exh ib i t ing  3 b a n d s  was found.  20 indiv iduals  showed a 
slower va r i an t  and  3 an imals  a still  s lower var ian t ,  so t h a t  
the  p a t t e r n  comprises  6 bands  each ind ica t ing  the  exis tence  
of 2 d i f fe ren t  he te rozygotes .  W h e t h e r  th is  p o l y m o r p h i s m  
is due to  a va r i an t  occurr ing  at  the  A or B locus canno t  be 
de t e rmined  because no cor respond ing  va r i an t  homozygo te  
was ident i f ied,  c) Carassius carassius • Carassius auratus.  
F r o m  this  na tu ra l  hyb r id  25 an imals  were inves t iga ted ,  
all of t h e m  showing  one single band,  ins tead  of 3 bands  to  
be expec ted  on the  basis  of th is  t e t r ap lo id  ex t rac t ion .  
This failure m a y  be expla ined  by  assumingloss  or deter iora-  
t ion  of one locus, or by  pos tu l a t i ng  ident ica l  electro-  
phore t i c  mobi l i t ies  of t he  gene p roduc t s  of 2 loci. Deta i led  
inves t iga t ions  (e.g. q u a n t i t a t i v e  measurements )  to  clarify 
th is  p rob lem are in progress.  

A compar i son  of t he  e lec t rophore t ic  mobi l i t ies  of all 
species exam ined  yields ident ica l  pos i t ions  of the  iso- 
enzymes  formed of A subuni t s  in Rut i lu s  ruti lus,  Barbus  
barbus, Cypr inus  carpio and  Carassius carassius • Carassius 

auratus; the  AA h o m o m e r  of Tinca  tinca occupies a posi t ion 
closer to  the  s tar t ,  abou t  the  same as A" A" of Cypr inus  
carpio; t he  single band  of Barbus  tetrazona t akes  abou t  t he  
same pos i t ion  as the  B B - b a n d  of Cypr inus  carpio. These 
similari t ies  m a y  indicate  possible  homologies  be tween  the  
gene loci involved.  

Al though  in Barbus  tetrazona, Barbus  barbus and the  
hybr id  Carassius carassius X Carassius auratus,  in which  
no genet ic  va r i an t s  were found,  the  exis tence  of one locus 
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Fig. 2. Schematic presentation of the 
various S-AAT isoenzyme phenotypes 
observed and tentative designation of 
the subunit coposition. Species in 
which no variantr were observed are 
marked by 2 asterisks, those in which 
variants occurred only in the hetero- 
zygous state are marked by 1 asterisk. 

in t he  diploids  and  of 2 loci in  the  t e t r ap Io ids  seems to be 
es tab l i shed .  

The  exis tence  of a d ip lo id - t e t r ap lo id  r e l a t ionsh ip  has  
also been  es tab l i shed  in t h e  order  Isospondyli (clupeoid 
and  sa lmonoid  fish)2~, and  a n u m b e r  of genes coding  for 
d i f fe ren t  i soenzyme sys tems  (e.g. L D H  26, M - N A D P - I D H  27, 
and  S D H  es) h a v e  been  shown to be  dup l i ca t ed  in t h e  
te t rap lo ids .  I t  m a y  be  m e n t i o n e d  t h a t  th i s  is also va l id  for 
S-AAT. The  f ind ings  of ODENSe lx in t h e  he r r i ng  as a 
d iploid  species can  be  i n t e r p r e t e d  u n d e r  t he  a s s u m p t i o n  
t h a t  one gen t  locus w i t h  d i f fe ren t  alleles for S-AAT 
exis ts  in th i s  species. These  d a t a  are conf i rmed  b y  our  
own resu l t s :  of 69 he r r ings  inves t iga ted ,  65 showed a 
single e lec t rophore t i c  b a n d  (homozygous  wild type) ,  a n d  
4 ind iv idua l s  the  a s sum ed  he te rozygous  p a t t e r n ,  cons i s t ing  
of 3 bands .  Salmo trutta and  Coregonus lavareh~s, as 
r ep r e sen t a t i ve s  of t he  t e t r ap lo id  group,  are a p p a r e n t l y  
endowed  w i t h  2 gene loci for S -AAT:  in 60 spec imens  of 
Salmo trulta a n d  41 spec imens  of Coregonus lavaretus, 3 
e lec t rophore t i c  b a n d s  were cons i s t en t l y  found.  One 
i n d i v i d u a l  of Coregonus lavaretus showed a n  as sumed  
he te rozygous  p a t t e r n  w i t h  5 bands .  

Thus ,  t he  S-form of A A T  proves  to be  a n o t h e r  useful 
genet ic  m a r k e r  for t he  d e m o n s t r a t i o n  of gen t  dup l i ca t ion  
as t he  consequence  of polyplo id izaI ion .  In  c o n t r a s t  to  
some o the r  genes, wh ich  h a v e  a p p a r e n t l y  d i s appea red  
du r ing  evo lu t ion  of t he  t e t r ap l o i d s  (genes coding  for 
6 -PGD in Isospondyli and  for S D H  in Ostariophysi2~), 

dup l i ca t ed  S-AAT genes were a p p a r e n t l y  conse rved  or 
modi f ied  in such  a way  t h a t  t he i r  p r o d u c t s  fulfi l l  a useful  
func t ion .  F r o m  this ,  i t  m a y  be conc luded  t h a t  some 
select ive  pressure  m a y  be  respons ib le  for t he  m a i n t e n a n c e  
of ce r t a in  dup l i ca t ed  genes in  t he  t e t r apo l ids  ~9. 

Zusammen/assung. Die S-AAT wurde  bei  F i schen  der  
Fami l i e  Cyprinidae e l ek t ropho re t i s ch  darges~ellt .  Die 
I s o e n z y m m u s t e r  las3en bei  den  d ip lo iden  V e r t r e t e r n  d ieser  
F i schfami l i e  auf  e inen  Genlocus,  bei  den  t e t r a p l o i d e n  auf  
2 Loci  schliessen.  Analoge  Verh/ i l tn isse  b e s t e h e n  offen- 
s i ch t l i ch  auch  bei  F i s chen  der  O r d n u n g  Isospondyli. 
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Antennal  P r o t e i n s  Invo lved  in the Neura l  M e c h a n i s m  of Quinone  Inh ib i t ion  of Insec t  F eed ing  

Find ings  a b o u t  several  aspec ts  of the  ene rgy - t r ansduc -  
t ion  m e c h a n i s m  invo lved  w h e n  ce r t a in  qu inones  i n h i b i t  
feeding in 2 species of insects  were p rev ious ly  r epo r t ed  1-10. 
These  chemica l  messengers  r eac t  w i t h  su l fhydry l  groups  
of macromolecu les  in ne rve  m e m b r a n e s  in chemosens i t i ve  
sensi l la  especial ly on  t he  a n t e n n a e  of the  insects.  Such  
reac t ions ,  as m o n i t o r e d  b y  u l t r av io l e t  d i f ference spect ro-  
scopya,  5, change  t he  c o n f o r m a t i o n  of macromolecu les  in 
i sola ted n e r v e - m e m b r a n e  f r agments .  Th i s  change  in v ivo  
p r e s u m a b l y  allows a l t e red  ion flow t h r o u g h  t he  r ecep to r  
m e m b r a n e  9, a n d  th i s  m a y  b r ing  a b o u t  t he  gene ra t ion  of a n  
ac t ion  p o t e n t i a l  in t he  n e u r o n  n. Because  our  p rev ious  
s tudies  ind ica t ed  t h a t  p ro te ins  (i.e. especial ly  su l fhydry l -  
c o n t a i n i n g  moiet ies)  were se lect ively  i nvo lved  in the  
recep tor  macromolecules ,  t he  b i n d i n g  a f f in i ty  of t h e  
feeding inh ib i to r ,  2 -me thy l - i ,  4 - n a p h t h o q u i n o n e ,  for 
a n t e n n a l  p ro t e in s  was f u r t h e r  inves t iga ted .  W e  now 

p resen t  ev idence  of t he  resolut ion,  b y  disc gel electro-  
phoresis ,  of p r o t e i n - c o n t a i n i n g  b a n d s  f rom homogen ized  
a n t e n n a e  of Periplaneta americana which  a p p e a r  to  
possess t he  p rope r t i e s  of r ecep to r  chemical(s)  for th i s  
f eed ing- inh ib i to ry  n a p h t h o q u i n o n e .  Resu l t s  f rom in s i tu  
exposure  of p r o t e i n - d o n t a i n i n g  ma te r i a l s  in t he  a n t e n n a e  
to 2-(14C) methy i -1 ,  4 - n a p h t h o q u i n o n e  ind ica t ed  t h a t  2 
closely associa ted  b a n d s  in t he  e lec t rophore t i ca l ly  resolved 
Tr i ton  X-100-solnble  p ro te ins  c o n t a i n e d  re l a t ive ly  h igh  
a m o u n t s  of label  (Figure A) in c o n t r a s t  to  a low degree of 
c o u n t  associa ted  w i t h  sMine-soluble  p ro t e in s  (Figure B). 

Materials and me*hods. A n t e n n a e  of l ive cockroaches  
were held  in a 2.4 • 10-~M aqueous  so lu t ion  of t he  radio-  
labe l led  n a p h t h o q u i n o n e  (9.7 m C / m M )  for 0.5 h. The  
a n t e n n a e  t h e n  were r insed  ex tens ive ly  w i t h  t a p  w a t e r  
wh ich  degrades  n a p h t h o q u i n o n e  on t he  surface of t he  
a n t e n n a e .  The  a n t e n n a l  p ro t e in s  were e x t r a c t e d  accord ing  


