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ABSTRACT

Electrophoretic analyses o f  the tetrameric lactate dehydrogen
ase isozym e patterns o f  the endangered cyprinodontid fish A pha
nius fa sc ia tu s  w ere carried out. Organ and tissue sam ples o f  ten  
individuals o f  each sex  w ere analysed by cellu lose acetate elec
trophoresis and isoelectric focusing. Isozym e electrophoretic pat
terns indicated that three LDH lo ci ( Ldh-K , Ldh- B and Ldb-Q) 
were active and sh ow ed  differential tissue expressions. No differ
ences betw een  sex es w ere observed. The Ldh-A and Ldh-B loci 
were expressed in all tissues analysed, and the A subunits pos
sessed a net negative charge greater than B subunits. H eterote
tramers including subunit A w ere n ot observed, but a com plex  
heterotetramer banding pattern o f  subunits B and C w as detected. 
On the basis o f  the staining intensity o f  the electromorphs, Ldb-A 
predominated in  all tissues analysed, w ith  th e  exception  o f the  
liver, w h ere  Ldh-B predom inated. Instead, Ldb-Q  w as charac
terised by  high relative anodal m obility and w as expressed only  
in the eye. Furthermore, at this locus tw o  alleles w ere observed in 
specim ens analysed. The LDH banding pattern o f  A. fa sc ia tu s  was 
consistent w ith that o f  advanced teleosts and it sh ow ed  an inver
sion erf the net negative charge erf products o f the Ldh-K. and Ldh-B 
loci.

KEY W O R D S: A p h a n iu s  fa sc ia tu s  - C yprinodontidae - LDH - 
Isoelectric focusing - Cellulose acetate electrophoresis - Quater
nary structure - Isozym es.
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INTRODUCTION

A ph an iu s fa sc ia tu s  Nardo, 1827 is a small cyprino
dontid fish (7-8 cm maximum total length) typical o f  
brackish-water habitats along Mediterranean coasts. It 
also has been recorded in inland fresh-waters (Parenti 
& Tigano, 1993) and in Tunisian oases (Kraiem, 1983). 
Its geographical distribution includes the Mediterranean 
basin with the exception o f the easternmost and w est
ernmost parts (Villwock, 1982; Bianco, 1995). In recent 
years the species assum ed relevance for conservation  
purposes, due to the progressive deterioration o f coastal 
habitats as a result o f  human impact and the introduc
tion o f  the exotic  com petitor G am busia  affinis, o c 
curred in many European countries for malaria mosqui
to control in the first decades o f the century (Bianco, 
1995). For these reasons, A. fa sc ia tu s  has been listed as 
endangered by both the ‘Berne C onvention’ and the 
‘Fauna-Flora-Habitat 92/43/CEE D irective’, relative to 
the conservation o f wildlife and natural environment in 
Europe.

The aim o f  the present investigation was to gain infor
mation on  the isozym e pattern o f  lactate dehydrogenase 
(LDH; E.C. 1.1.1.27) in A. fasciatus. The LDH multilocus 
isozym e system represents an exam ple o f  gene duplica
tion which led to hom ologous proteins in fishes (Mark- 
ert et al., 1975). In fact, Ldh-A and Ldh-B loci o f  fishes 
appear to have originated from a g en e  duplication  
event occurred early in the evolution o f  the vertebrate 
line (roughly 500 m illion years ago); these loci have 
been show n to be hom ologous to those o f  higher verte
brates (Markert et a l ,  1975; Whitt et a l ,  1975; Fisher et 
a l ,  1980; Coppes e t al., 1990). Som e groups o f teleosts, 
mammals and birds also possess a third locus (Ldb-C), 
restricted to specific  tissues (Markert e t  a l ,  1975; 
Coppes et a l ,  1990). Three loci for LDH w ere observed  
in previous w orks dealing w ith the allozym e genetic  
polymorphism o f  A. fa sc ia tu s  (Comparini et a l ,  1983), 
o f  which one (Ldh-3 =  Ldh-C) was biallelic (Maltagliati, 
1 9 9 8 a, b).

MATERIALS AND METHODS

Twenty adult individuals o f  A phan ius fa sc ia tu s  (10 m ales and 
10 fem ales) w ere collected from a brackish-water habitat at Elba 
Island, Italy (42°48'N; 10°19’E) in May 1997 using small fish-traps 
baited w ith anchovy fillets. Alive specim ens w ere  transported to  
the laboratory w here they w ere killed in distilled water and ice, 
and stored at -8 0 °  C before use. Samples o f  epaxial m uscle, liver, 
eye, heart, intestine, gills, testis, and ovary w ere excised from sin
g le  thaw ed individuals to b e  analysed by cellu lose acetate e lec 
trophoresis and isoelectric focusing (IEF). Portions o f tissue were  
h o m o g en ised  w ith  a g lass rod in three vo lum es o f  extracting  
buffer (se e  M altagliati, 1998b). Then h o m ogen ates w ere  c e n 
trifuged for 10 min at 4000 g. Supernatant fractions w ere applied  
to  cellulose acetate membranes for electrophoresis and polyacry
lam ide gel w ith amphorites (Servalyt® Precotes®, 300 pm  thick, 
pH range 3-10) for IEF. Care w as taken to  keep  sam ple tempera
ture b e lo w  5° C at all stages o f preparation to preserve enzym e  
activity. Electrophoretic running conditions are reported in Table I. 
Enzym e activity w as v isualised by  using slight m odifications o f
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T a h lf . I - Aphanius fasciatus. E xperim en ta l co n d itio n s f o r  e lec
troph oresis a n d  Isoelectric  fo c u s in g  o f  Iac ta w  d eh yd ro g en a se  
isozymes.

Electrophoresis Isoelectric focusing

Substrate Cellulose acetate Polyacrylamide gel
membrane

pH Constant (7.8) Variable (3  to  10)
Voltage Constant (450 V) Variable (200 to 15IK) V)
Power Variable (8  to  ft \V> Constant (4 W)
Current Variable (4  to  6  111.A) Variable (7  to  4 mA)
Running lime 25 min 175 mín

the histochem ical technique o f  Richardson e l a i  (1986). T o deter
mine if  there w ere differences in LDH activity b etw een  sexes, cal
ibration o f  isozym es w as accom plished by  running m ale and fe
m ale individuals o n  the sam e electrophoretic substrate. T he ab
sence o f  ‘nothing dehydrogenase' was verified by  incubating the 
cellu lose  acetate membrane in  all the staining com ponents with  
the exception  o f  lactate. T he nom enclature used to describe the 
1.1)11 isozym es o f  A . fa s c ia tu s  is that outlined in  Shaldee e t  a!. 
(1973).

RESULTS AND DISCUSSION

The tissue specific  LDH isozym e patterns for A p h a 
n iu s  fa sc ia tu s  are presented in Figure 1 . Cellulose ac
etate electrophoresis m igrations w ere anodal and no  
substantial differences in isozym e patterns betw een sex
es w ere found. The IEF provided no additional informa
tion, titus confirming the resolution pow er o f  cellulose  
acetate electrophoresis. The results o f  the present study 
highlighted the occurrence o f  three LDH loci in A . f a 
sc ia tus. Within the C yprinodontidae three LDH loci 
have been recorded in A. iberus  (Doadrio e t  a i ,  1996;
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Fig. 1 - Schematic diagram o f  lactate dehydrogenase isozym e pat
tern in  various tissues o f  A phan ius fa sc ia tu s  after cellu lose  acetate 
electrophoresis. 1. epaxia 1 muscle: 2 . heart; 3 . intestine; 4 . gills; 5. 
testis; 6 , ovaryr; 7 , liver; 8 , eye. T he arrow indicates the direction 
o f  th e  m igration. Products o f  lo c i ld h - B a n d  Uth-C  form liei- 
eropolym cric isozym es. Grey intensity represents band staining 
intensity.

Maltagliati, 1998b), A. d isp a r  (Kornfield 64 Novo, 1976) 
and several species o f  the genus C yprinodon  (Echelle et 
a¡.% 1987; Echelle & Echelle, 1993a, b; Ashbaugh et a/., 
1994). In addition, the presence o f  three LDH loci has 
been  dem onstrated in many other te leost families 
(Shaklee e t a i ,  1973; Marken e t a i ,  1975).

Zymograms o f  sam ples o f  heart, intestine, gills, testis 
and ovary o f  A . fa sc ia tu s  w ere substantially identical, 
with an intense band corresponding to the hom ote- 
tramer A4  and a lighter band, with a slightly lower anod
al mobility, corresponding to B4  (Fig. 1 ). H owever, 
som e differences in band staining intensity am ong the 
tissues analysed w ere observed. Band staining intensity 
w as assum ed to be related to the enzym e concentra
tion, h en ce the differences observed am ong tissues 
could be attributed to differential concentrations o f  LDH 
and related to tissue specificity. Alternatively, this could  
be explained by reductions o f  enzym e activity occurring 
during the hom ogenisation procedure. Zymograms of 
liver tissue show ed inversion o f  band staining intensity, 
with electromorphs corresponding to isozym e B,t being 
more intense than A4  on es (Fig. 1 ). Like its counterparts 
in many other teleosts, the e y e  banding pattern o f  A. 
f a s c i a tu s  exhibited a highly anodal electrophoretic m o
bility w hich  is  characteristic o f  neural tissue LDH. In 
fact, zymograms o f  e y e  hom ogenate show ed an addi
tional banding pattern determ ined by the products of 
locu s I.dh-C, characterised by high anodal e le c 
trophoretic m obility. T he com plexity o f  ey e  banding  
pattern is determ ined by heteropolym erisation among 
products o f  the ld h - B and ld h -C loci. S ix isozym es  
w ere characteristic o f  eye: the slow est and the fastest 
corresponding to the homotetramers B4  and C,¡, respec
tively, and intermediate electromorphs corresponding to 
the homotetramer A., and heterotetram ers B3 C, B2 C2 

and BC3 ,  proceeding from the less to the more anodal 
(Fig. 1 ). Although many teleosts show  an irrestrictive as
sociation o f  subunits A and B with a pentaisozymic sys
tem which characterises mammals and birds, in the ma
jority o f  them, as well as in A . fascia tus, a tetrameric re
striction or  instability happens (Markert ¿4 Faulhabcr, 
1965; Markert e t a i ,  1975; C oppes d e  Achaval, 1984; 
Coppes e t a i ,  1990). Subunits C produced by locus Ldh- 
C. which is assumed to be originated from a duplication 
of gene ld h -B. do not form heteropolym ers with sub
units A (Markert e t a i ,  1975).

In primitive teleosts, I.dh-C is expressed in various or
gans and tissues, but is localised in specific tissues in 
advanced teleosts (Shaklee e t a i ,  1973; Marken e t a i ,  
1975; Coppes de Achaval, 1984). In fact, although som e 
teleosts belonging to the Cypriniformes and Gadiformes 
express a cathodal ld h -C isozym e which is characteris
tic o f  liver tissue, in m ost teleosts the highly anodal ho
mopolymer C4  is expressed only in eye and neural tis
sue (Markert ¿4 Faulhaber, 1965; C oppes d e  Achaval, 
198-1; C oppes e t a i ,  1990; Mork 64 Giæver, 1995). A . fa s 
c ia tus  is n o  exception to this trend, with Idly-A being  
predominant in m uscle, heart, intestine, g ills and go-
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nads; h i b i i  in liver, anil l / l i t -C  exclusive i n  th e  e y e  anil 
iu.-ui.tl (issue. Tltcrcforo, th is species represents a  typical 
tw o-isozym e fi-.li ( s m s i i  W hin. 1970). having o n ly  the 
tw o hom opolym eric iso /y iu cs in  all tissues, w ilh  (lie e x 
ception o f  e y e  and neural (issue, and ehe hcteropoly- 
uieTN A jB. A .B ., and AB3  being absent. The LOII band
ing pancrn o f  A . fa sc ia tu s  is  consistent with iliai o f  ad
vanced teleosts in  the evolutionary schem e proposed by  
Marker! e t  u l  <I9T5> anil rev iew ed  b y  C oppes de  
Achaval (  198-1). Furthermore, w ith respect to  m ost ver
tebrates. A . fa s c ia tu s  sh ow ed  isozym es A , and 13, re
versed. i e .. A , isozym e posse-sscd a net negaitive charge 
greater tlian B ,. However, the inversion o f  net negative 
charge o f  products o f  th e  Ldb-A and /<//> B li>ci is also a 
dunicteristic o f  many oilier teleosts and probably does 
noi play, a s  suggested b y  Marken .*»• H olm es <l'Xi!». an 
iiti|X)rtant physiological role.

Both the L i b A  and h i b i i  loci w ere m nnom orphic in 
A . fasciatus, while tw o alleles w ere detected at the Llb-C. 
loots. T he com plex  banding pattern o f  heterozygote» is 
show n in Figures ’  and 3. Companni c t  u l  (193.3) o b 
served three lo c i w h ich  w ere ntonom orphie in  three 
populations o f  A . fa sc ia tu s  front Sardinian and upper  
Adriatic coasts. Conversely, Maltagliati (1998a. b ) o b 
served polym orphism  at the h l b c  loru s (therein d e 
nominated L i b 3) in  five populations from central and 
upper Tyrrhenian coastal brackish -water habitats The 
incousi.Menev o f  those studies inav b e  d u e  lo  th e  ab
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scncc o f  polyallclism  m  LÜ>a i  locus m the populations 
analysed bv Comparini c! a i. ( 1983). Alternatively, ih csc  
Authors m illii h a v e  b een  unable to  d etect polym or
phism. g iven  that they hom ogenised w h o le  individuals 
or cephalic halves. This procedure could have caused  
som e electromorphs relative to e y e  to  g o  undetected.

At Lilb-C locus, eight out lile  2 0  individuals assayed ui 
the present investigation w ere hom ozygotes Tor th e  fast 
.illele. lince foi the slow  allele*. and nine w e ie  ltelexivy* 
giwes. Despite the small number o f  individuals analysed, 
these genotypk proportions wexe in accordance with dic 
Maxdy-Weinlxug equilibrium and consistent with results 
oJ a previous allozymc study, w here d ie  tw o L lb-C  al
leles wen? detect ex I in  a sim p le  o f  3 0  individuals from 
the sam e population as dial analysed here (Maltagliati, 
i99$¿). lliercforc, Lih-C  can b e  considered a reliable 
genetic marker for c lim a tin g  the levels o f  genetic vari- 
al>ilitv and investigating th e  genetic  structure ot the 
species. Tlie present study may represent a  basis useful 
for planning further investigations o n  A . fa sc ia  i  u s. in par- 
ricular fo t addressing th e  questions o f  d ie correspnn-
dciKc betw een d ic dependence o f  allele function o n  en
vironmental factors such tempérant re or oxygen con
centration. atnl the genotypic distribution o f  tliesc alleles.



174 F. MALTAGLIATI

REFERENCES

Ashbaugh N. A.. Echelle A. A.. Echelle A. F.. 199-» - Genie diversi
ty in Red River pupfish C yprinodon m b roßu i'ia tilis  (Atherini
formes: Cyprinodontidae.) and its implications for the conserva
tion genetics o f  the species. J. Fish Biol.. 4 5  291-302.

Bianco P. G., 1995 - Mediterranean endem ic freshwater fishes of 
Italy. Biol. Conserv.. 72. 159-1“0.

Comparini A.. Scattolin N., Rodinö E.. 1983. G enetic differentia
tion am ong som e populations o f the cyprinodon! A phan ius f a s 
c ia tus  Nardo. Nova Thalassia, 6. 261-268

Coppes de Achaval Z., 1984 - Isozym es o f lactate dehydrogenase  
in fishes o f the superorder Acanthopterygii. An update. Comp. 
Biochem . Physiol., 79B: 1-8.

C oppes Z. L.. D e  Vecchi S., Ferreira E.. H irschhorn M.. 1990 - 
Multilocus isozym e svstem s in fishes. Comp. Biochem. Phvsiol., 
96B: 1-13.

Doadrio. I., Perdices A., Machordom A.. 1996 - Allozym ic varia
tion o f the endangered killifish A phan ius iberus and its applica
tion to conservation. Environ. Biol. Fish.. 45: 259-2“ 1.

Echelle A. A.. Echelle A. F , 1993a - Allozyme perspective on  mi
tochondrial DNA variation and evolu tion  o f  the Death Valley 
pupfishes (Cvprinodontidae: Cyprinodon). Copeia, 1993: 2“ 5- 
28“ .

Echelle A. A.. Echelle A. F.. 1993b - Allozym e variation and sys- 
tematics o f  the new  world Cyprinodontines (Teleostei: Ciprin- 
odontinae). Biochem . Syst. Ecol., 2 h  583-590.

Echelle A. A., Echelle A. F., Edds D. R.. 1987 - Population struc
ture o f  four pupfish sp ec ies  (Cyprinodontidae: C yprin odon ) 
from the Chiuahuan desert region o f  N ew  M exico and Texas: 
allozymic variation. Copeia, 1 9 8 7  668-681.

Fisher S. E.. Shaklee J. B., Ferris S. D ., Whitt G. S.. 1980 - Evolu
tion o f five multilocus isozym es system s in the chordates. G e
netica, 5 2 5 5 :  “3-85.

Kornfield I. L.. Nevo E.. 19“ 6 - Likely pre-Suez occurrence o f  a 
Red Sea fish A phan ius d ispar  in the Mediterranean. Nature, 26 4  
(5583): 289-291.

Kraiem M. M., 1983 - Les poissons d'eau douce de Tunisie: Inven

taire com m enté et répartition géographique. Bull. Inst. natn. sei. 
tech. océanogr. Pêche Salammbô, IO. 107-124.

Maltagliati F., 1998a - A preliminary investigation of allozym e ge
netic variation and population geographic structure in A pha
n ius fa sc ia tu s  from Italian brackish-water habitats. J. Fish Biol.. 
52. 1130-1140.

Maltagliati F., 1998b - Allozym e differences betw een tw o  endan
gered Mediterranean killifishes, A phan ius iberus and A. fa sc ia 
tus (Teleostei: Cyprinodontidae). It. J. Zool., 65. 303-306.

Markert C. L., Faulhaber I., 1965 - Lactate dehydrogenase isozym e  
patterns o f  fish. J. exp. Zool., 159. 319-332.

Markert C. L., H olm es R. S., 1969 - Lactate dehydrogenase  
isozym es o f  the flatfish, Pleuronectiformes: kinetic, m olecular 
and im m unochem ical analysis. J. exp. Zool., 171: 85-104.

Markert C. L., Shaklee J. B., Whitt G. S., 1975 - Evolution o f  a 
gene. Science, 1 8 9  102-114.

Mork J.. Giaever M., 1995 - G enetic variation at isozym e loci in 
blue whiting from north-east Atlantic. J. Fish Biol., 4&. 462-468.

Parenti L. R.. Tigano C.. 1993 - Polymorphic skeletal characters in 
A p h a n iu s fa sc ia tu s  (T eleostei: Cvprinodontiform es). Copeia,
1993. 1132-113“ .

Richardson B. J., Baverstock P. R., Adam s M., 1986 - A llozym e  
electrophoresis. A handbook for animal systematics and popu
lation studies. Academic Press, San D iego. California.

Shaklee J. B.. Kepes K. L., Whitt G. S., 1973 - Specialized lactate 
dehydrogenase isozym es: the m olecular and genetic basis for 
the unique eye  and liver LDHs o f  teleost fishes. J. exp. Zool., 
185: 21“-240.

V illw ock W., 1982 - A p h a n iu s  (Nardo, 1827) and C yprinodon  
(Lae., 1803) (Pisces: Cvprinodontidae), an attempt for a genetic  
interpretation o f  spéciation. Z. Zool. Syst. Evolut.-forsch., 20. 
187-197.

Whitt G. S.. 19“0 - Developm ental genetics o f  the lactate dehydro
genase isozym es o f fish. J. exp. Zool., 175: 1-36.

Whitt G. S.. Shaklee J. B., Markert C. L., 1975 - Evolution o f the 
lactate dehyd rogenase isozym es o f  fishes. In: C. L. Markert 
(ed .). Isozym es IV - G enetics and evolution . Academ ic Press, 
N ew  York, pp. 381-400.


