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structural properties of haemoglobins of lower
vertebrates such as fish has been fragmentary.
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ABSTRACT

Electrophoresis has been performed on  the
hoemolysates of some freshwaier and estuarine
fishes in and around Cape Coast in the Central
Region of Ghuna, The electrophoreys was per-
formed on the haemaolysares of Sarotherodon
melanotheron (Ruppel) Tilapia zilli (Gevais),
Heterobranchus isopterus (Barchell)., Clarias
gariepinus  (Valenciermes), Chrysichthys  ni-
grodigiiatuys (Valenciermes), Channa obscura
(Weelhaum), and Corassius auratis L.

All the fishes stdied had multiple haemoglobins.
Nine haemoglobin bands were found in 1. zilli
amd 5. melanotheron. Four bands each were ob-
served in C. gariepinus and H. isopterns. Three
bands were found in Carassins aurains whilst
Chamia obscura and  Chrysichthvs  nigrodigi-
tetties were characterised By four and three bands
reapectively. e muluple haemoglobing show
striking simifarities among related species bt
also display considerable differences among the
different iaxonomic families.

Keywords: clectrophoresis; fishes: haenioglo-
hins, haemolysates.
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INTRODUCTION

Haemogobin contained in erythrocytes is an
ron-containing  conjugate protein. which con-
veys oxygen trom the lungs or gills to the tissues
and partly facilitates the return of carbon dioxide
from the tissues back to the lungs or wills (1)
Most studies of haemoglobins have been con-
fined to-the blood and muscle of mammals {2)
As a result. the knowledge of the functional and

The. respiratory requirements of lower verte-
brates vary over an enormous range (2) giving
rise to many in:eresting adaptations.

The blood volume of fish is relatively small,

and counts of blood cells seem to show that lar-
ger fish require an increased oxygen carrying
capacity though this is yet 0 be established (3).

In fishes, the effects of carbon dioxide can be so
pronounced that the haemoglobin does not get
saturated at partial pressures of oxygen levels in
the body. This extreme effect of carbon dioxide
is called Root effect (4, 5). Fish are the most nu-
merous vertebrates and they constitute about
42.6% of the entire vertebrate population and
with about 20000-23000 species (6). They live
in varied environments and it would be interest-
ing studying their haemoglobins. Generally.
fishes have multiple haemoglobins and it is very
rare to find a.fish with only one type of haemo-
globin It may well be that the possession of
multiple haemoglobins enables the fish to adapt
to a varied and dynamically unstable environ-
ment (7).

Ontogenetic changes in fish haemoglobins are
widespread and have been observed in four spe-
cies of salmon and in the herring and sprat (4).
Changes in haemoglobins in a number of fish
occur during their life cycle. This' has been
found in the herring, Clupea harengus L. (2).
where in the juveniles two types of haemoglo-
bins are initially present. One of the haemoglo-
bins is gradually replaced over a period of four
vears. whilst a third type is added just prior to
full maturity of the fish (2, 8). A pre-requisite
for haemoglobin to have adaptive value is the
difference in the functional properties of the
various haemoglobin types (9).
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Fish haemogobin clectrophoresis

When fish haemoglobin is subjected to electro-
phoresis, it often separates into bands moving at
different velocities, the proportion of which
have been used to identify different races or
stogks within a single species (10). Electropho-
resis therefore provides an important method for
measuring the genetic discreteness of fish stocks
and for the study of genetic relationships among
stocks.

This work is a preliminary study of the electro-
phoretic variation in the haemoglobins of some
local fishes in Ghana. Haemolysates from fresh-
water and estuarine fishes in and around Cape
Coast, Ghana, have been surveyed by cellulose
acetate paper electrophoresis to provide their
haemoglobin variation, and particularly to de-
scribe the haemoglobin patterns of the fishes in
the locality with a view to measuring the genetic
discreteness of the fish stocks in the area.

MATERIALS AND METHODS

Collection of Fish Samples

Fish samples belonging to several genera were
caught from local freshwaters and lagoons in and
around Cape Coast in the Central region of Ghana
using cast and gill nets. Some fish were also caught
from some estuaries along the main trunk road link-
ing Cape Coast and Takoradi in the Western region.
The fishes in all cases werc transported live in port-
able aguaria to the laboratory and bled within one 10
two hours of collection.

Bleeding of Fishes

Bleeding of the fishes was done according to the
method described by Sharp (11). A 2.0ml ali-
quot of anti-coagulant consisting of 0.5 M Diba-
sic sodium phosphate (Na,HPO.) and 0.5 M So-
dium citrate (Na,C¢HsO;) was drawn into a 10
ml syringe equipped with a hypodermic needle.
The fish was placed on its side and held firmly
while blood was drawn from the caudal vein
into the anti-coagulant-filled syringe. Alterna-
tively, blood samples were obtained by severing
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the peduncle or tails of the fish using a sharp
knife and allowing the blood to collect in anti-
coagulant in labelled centrifuge tubes.

Blood samples were centrifuged for 5 minutes at speed 2
using the MSE Minor Centrifuge. The supernatant piasma

was decanled leaving the precipitated ervthrocytes at the
bottom of the tubes. The ervthrocytes were washed thrice
with a 2% (w/v) saline. The red blood cells were then
haemolysed by adding one part distilled water and one
part carbon tetrachloride. The haemolysate was centri-
fuged for another 5 minutes and with the aid of a pipette
dropper. the supernatant was carcfully collected for elec-
trophoresis. The process was repeated for all the fishes
collected.

Electrophoretic Techniques

Electrophoresis was performed on the fish .
haemolysates according to the methed ' de-
scribed by Sharp (11). A 0.5M puffer solution
of pH 8.4 was prepared from Supre Heme Tris
EDTA-borate (Helena Laboratories, Texas,
USA) by dissolving it in a litre of distilled wa-
ter A Titan IIf 5.70 x 7.62 cm cellulose acetate
strip was floated on some of the buffer solution
and allowed to impregnate for 15 minutes. A
Shandon electrophoretic bath was also filled
with some of the buffer solution of Supre-Heme
Tris-EDTA Borate at both anode and cathode
compartments. Both compartments were filled
to the same level to avoid a siphoning effect on
the separation. Contact was then established be-
tween the anode and cathode by means of wicks
prepared from filter papers.

The impregnated cellulose acetate strip was
dried by pressing gently between two filter pa-
pers. The blood samples were then applied on'
the strip using a sample applicator. The strip
was carefully placed upside down and horizon-
tally on the bridge with the plastic surface up.
The wicks were used to establish contact be-
tween the buffer solution in each compartment
and the cellulose acetate strip. The Shandon
electrophoretic bath was connected to a Vokam
power pack, which had been connected to the
mains. The electrophoresis was run for 15 min-
utes.
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Staining

The cellulose acetate strnip was removed and
transferred into a protewn fixative, 5% (v/v) tri-
chloroacetic acid for 5 minutes. Afterwards. the
strip was transferred into a staining solution of
0.2% Ponceau S in 3% trichloroacetic acid for
15 minutes The excess stain was washed off in
three changes of 5% glacial acetic acid and fi-
nally washed with distilled water the strip was
then observed and the number of haemoglobin
bands present in each case was recorded. The
strips were dried and stored or kept in 10%
methyl alcohol. The experiment was repeated
for all the samples.

RESULTS AND DISCUSSION .

Electrophoresis was performed on the haemolys-
ates of fishes from four taxonomic families rep-
resented by seven genera. The number of hae-
moglobin bands (Hb) in each fish and their di-
rection of migration were recorded (Table |). A
schematic representation of the direction of mi-
gration of haemoglobin bands of the fishes dur-
ing the electrophoresis is illustrated in Fig. 1. It
was further observed that within a particular
species of tish there were no differences in the
number and direction of migration of the haemo-

globin variants. The results of this study have
shown that all the fishes examingd had multiple
haemoglobins. There was no fish with just one
haemoglobin type. For the fishes examined the
number of haemoglobin bands ranged between
3 and 9 with a mean of 5. S. melanotheron, ob-
tained from a lagoon and also from some estuar-
ies (brackish waters), gave 9 bands of haemo-
globin just as 7. zilli obtained from the fresh-
waters of river Kakum. These two fishes are
phenotypically alike (6) C. aurartus,obtained
from the freshwater ponds of Cape Coast Uni-
versity however had 3 bands all of which were
anodal. It therefore does not appear that the en-
vironment determines the number of haemoglo-
bins the fish can have.

Heterobranchus and ('larias species, which are
both morphologically similar (6) and belong to
the family Clariidae, were found to have 4
bands each. They were obtained from the fresh-
waters of the River Kakum. Chrysichthys. ni-
grodigitatus  (Bagridae), also obtained from
River Kakum had 3 bands of haemoglobin, two
of which were anodal and one cathodal.

Table 1: Haemoglobin variation in some freshwater and estuarine fishes of Ghana

Family Fish species No Of fish No. of Hb  {{nodal Cathodal
per fish Hh Hb

ICichlidae Sarotherodon melanotheron 40 9 9 ¥
Tilapia zilii 40 Y 9 0
: K arassius auralus 40 3 0 3
Clanidae Heterobranchus isopterus 40 4 1 0
1 iepinu 40 4 4 0
Bagridae Chryvsichthys nigrodigitatus 14} 3 2 i

IChannidae IChanna obscura 40 2 2 l

Mean Hb count for fishes examined = 5
43 m‘ Journal of the Nwame Nkramah Universuy of Sci and Technology. Kumasi. ol 20 Nos.1, 2 & 7 - 2000
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Fig. 1.:

Schematic representation of the eledtrophoretic migration of haemoglobin bands of some freshwater

and estuarine fishes of Ghana. (Notation: sm — Sarotherodon melanotheron; (2 - T. zill; cu - Cura-
sius auratus; hi — Heterrobranchus isopterus; cg — Clarias gariepinus; cn — Chrysicthys nigrodigi-

tatus; co — Channa obscura.

The family Channidae. represented by A
vbscura (snakehead) was found to have four
haemogobins. 2 anodal and 2 cathedal iIn the
Clariidae there were no observable differences
in the velocity of protein migration, distribution,
orientation and number of haemoglobin bands
amongst the individuals, suggesting the possibil-
ity of some biochemical and/or genetic similari-
ties. A similar observation was made for /. zi/li
and 5. melanoiheron. Protein migration was also
found to bg slower for the Clariidae than for the
Cichlidae, suggesting the possibility of a higher
molecular weight for the Clariidae

The present results are in consonance with those
of Riggs (9) and Bonaventura ¢/ o/ (12), who in
their studies of haersoglobin heterogeneity in
tropical Amazonian fishes and in temperate
freshwater fishes founo @ mean of 4 ¢ and 5.0
haemoulobin bands respectivelyv for the fishes

Ditterent tvpes of haemoglobin i &  .pecies

might endow the species with some biological

advantages Flochachka and Somero (13), have
suggested two evolutionary strategies for cata-
lytic protems adapting to vanable conditions.
one has selection favouring an enzyme capable
of functioning under more adverse conditions.
the second has selection favouring the acquisi-
tion of additional enzyme variants. each with
shightly different sensitivities 1o the working
conditions.  The occurrence  of multi-
haemoulobins in the haemolysales examined in
this studv may well be a type case of such dual-
ism in adaptive strategy.

Riggs {93 in his review of mainly temperate
fish species. stated that “haemolvsates with only
one single component are quite exceptional”
The current hindings are consistent with this
statement  Fishes live in treshwater, brackish
and marine environments  Others travel be-
tween freshwater and marine environments It
may well be that the possession of multiple
hacmoglobins 1s an adaptation to cope witha
varigble environment The almost umiversal oce-
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currence of multiple haemoglobins in fish sug-
gests that some important physiological factors
may favour multiplicity and that the possession
of multiple haemoglobins confers some advan-
tayge

The biological significance of this multiplicity is
not certain but the hypothesis has been advanced
that it represents an adaptation to cope with a
varied and dynamically unstable environment
{4) A basic requirement for haemoglobin varia-
tion to have adaptive value is ditferences in the
functional properties of the various haemoglo-
bins This aspect was not investigated in this
work. This work needs to be followed with stud-
ies on oxygen binding characteristics of isolated
haemoglobins from these fishes from the various
environments to look for functional differences

-

CONCLUSION 3

The electrophoresis of the fish haemolysates has
revealed that all the fishes have more than one
type ot haemoglobin There is considerable elec-
trophoretic variation ‘in the haemoglobins of the
fishes examined, Some have a net positive
charge whilst others have a net negative charge.
There were no observable differences in the hae-
moglobin patterns of S. melanotheron  and 1.
zilli. 1t may well be that the two species are evo-
lutionarily related though the former lives in
both brackish and fresh waters whilst the latter
is found in freshwaters only The same observa-
tion was made for Heterobranchus and Clarius
and these may also share some evolutionary re-
lationship Both inhabit the freshwaters.
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