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Synopsis

A preliminary study was carried out on electropherograms of eye-lens, muscle
proteins and aymograms of muscle esterases of ten Notothenia Lanseni, six
Notothenia nudifrons and one lanternfish, Electrona antarctica. The fish were
collected by the R/V "Prof. W. Besnard" of the Institute of Oceanography,
University of Sao Paulo, during the First Brazilian Expedition to Antarctica.
Eye-lens proteins were analysed on cellulose acetate membrane, muscle proteins and
esterases on gel of polyacrylamide. Eye-lens proteins showed three types of
electropherograme for N. Larseni and two types for N. nudifrons. Ome of the
electropherograms of N. Larseni can be readily distinguished from those of N.
nudigrons. Electropherograme of musale proteins of N. Larseni and N. nudifrons are
very similar and consist of sixteen to seventeen fractions. FElectropherograms of
muscle proteins of N. Larseni are severely affected by the conservation of the
extracts overnight under -20°C. ALl N. nudigrons were of the same zymograms of
esterases while those of N. Larsend varied. Electropherograms of eye-lens and
muscle proteins as well as zymograms of esterases of the lanternfish are different
from those of nototheniids.

Descriptors: Marine fishes, Electrophoresis, Esterases, Proteins, Muscle, Eye-lens,
Notothenia Larnseni, Notothenia nudifrons, Electrona antarctica,

R/V "Prof. W. Besnard', Bransfield Strait, Antarctica.

Descritores: Peixes marinhos, Eletroforese, Esterases, Proteinas, Musculo,
Cristalino, Notothenia Larseni, Notothenia nudifrons, ELectrona
antanctica, N/Oc. '"Prof. W. Besnard', Estreito de Bransfield,
Antartica.

Introduction fauna has been a subject of this kind of
investigation (de Ligny, 1969; 1972) but
there is very few information in this
field on fish of the region south of the
Antarctic Convergence.

During the First Brazilian Expedition
to Antarctica, asmall number of fish
belonging to several species was caught
in experimental fishing with drag net
and Isaacs-Kidd mid-water trawl realized

Electrophoretic techniques and
histochemical dtaining methods (Smithies,
1959; Hunter & Markert, 1957) have been
widely used for studies of genetic
variation in species (Ayala, 1976;
Selander & Johnson, 1973). In many
areas of the world's seas, the fish
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possible use of these samples for more
detailed investigations in the future.

Material and methods

Materials used in this study were
eye-lenses and muscle samples of ten
Notothenia Larnseni (Lonnberg, 1905), six
N. nudigrons (Lonnberg, 1905) of the
family Nototheniidae and one lanternfish
Etectrona antarctica (Gunther, 1878) of
the family Myctophidae. Sexes of the
fishes were unknown. The nototheniids,
ranging from 129 to 158 mm in total
length, were caught by the drag net at
station no. 24 (062°43',0 S;054°24'.0 W)
and the lanternfish, 80 mm in total
lenght, was caught by Isaacs-Kidd
mid-water trawl at station no. 25
(062°25'.0 S; 054°24',0 W) in the
Bransfield Strait, Austral Summer
1982-1983,

Eye-lenses and muscle samples were
collected from alive specimens on board
of the vessel and kept in the freezer at
-20°C until use. Eye-lenses were
macerated in solution of 0.9Z NaCl by
means of an electric homogenizer. Two
proportions, namely 1:2 and 1:4 (tissue
weight/volume of extraction fluid) were
tested. The extracts were centrifuged
at 3500 rpm for 30 min. Muscles were
macerated in solution of glycerin-EDTA-
-Tris pH 8.7 (Scopes, 1968) in the
proportion of 1:2 (weight/volume).
Macerated material were spun at 3500 rpm
for 15 min, supernatants were collected
and submitted again to another
centrifugation at 10 000 rpm for 15 min.
Total protein contents were determined
by Biuret method (Gornall et af., 1949).
Eye-lens proteins were analysed by
electrophoresis on cellulose acetate
membranes (Cellogel, Chemetron,
5.7x14 cm). Two systems of buffers,
Tris-glycine pH 8.3 and Tris-glycine
pH 9.5 were tested. Electrophoresis was
performed at 300V across the membrane
during 25 min. Origin was at 1.5 cm
from the cathode. Electropherograms
were visualized by Ponceau S.
Densitometric readings were taken on an
Atago densitometer using filter of
500 nm. Muscle proteins were analysed
by vertical polyacrylamide flat gel
electrophoresis. The method used was a
modification of the method by Akroyd
(1967) as described by Phan (1980). The
membrane consists of two layers of gels
of different concentrations in different

buffers (Brewer et af., 1974).
Tris-Glycine buffer adjusted to pH 8.9
with 1IN NaOH was used as electrode
buffer. For general proteins analysis,
5 ul, and for esterases, 40 ul of
extract containing 107 of saccharose
were used. Electrophoresis was carried
out, passing firstly by a current of

20 mA for about 5 min wuntil the
Bromophenol Blue used as tracer reached
the interface of the upper and the lower
gel then passing a current of 45 mA for
about 30 min for the analysis in the
lower gel until the tracer dye reached
the determined point. Electropherograms
of muscle proteins were visualized by
Coomassie Blue. Zymograms of esterases
were obtained by the modified techniques
of Gomori as described by Flowerdew &
Crisp (1975).

Results

The proportion between weight of
eye-lenses and velume of extraction
fluid is important for the quality of
the electropherograms of eye-lens
proteins. Under the same conditions
extracts obtained by homogenizing
eye-lens in the proportion 1:2
(weight/volume) resulted in
electropherograms with fractions

sharper than those obtained with

samples homogepized in the proportion
1:4, Total protein concentrations were
8.71 * 1,80 g/dl (n=8) and 5.82 * 0.47
g/dl (n=8) for extracts obtained by
homogenizing in the proportion of 1:2
and 1:4 respectively, Electrophoresis

of the same samples realized with
Tris-glycine pH 8.3 and Tris-Glycine

pH 9.5 buffers resulted in
electropherograms of the same number of
fractions. Electropherograms obtained
with Tris-glycine pH 9.5, however,
showed sharper separation and higher
migration of fractions, specially the
cathodic ones (Fig. 1). Electropherograms
of N. fLarseni comprised from ten to
eleven fractions and those of N. nud{grons
from nine to ten fractions. The
fractions were denominated sucessively
by alphabetic letters. Two consecutive
or twin fractions may be classified as a
complex (Figs 2-3). Three types of
electropherograms of eye-lens proteins
of N. fanseni were recognized. They
were denominated Type-I (larseni),
Type-II1 (larseni) and Type-II1 (larseni).
Type-1 (larseni) differs from Type-1I
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Densitometric curves of the electropherograms of

eye-lens proteins of the same N. farseni obtained
in cellulose acetate membrane with different

buffers.

A. Tris-Glycine pH 8.3 buffer
B. Tris-Glycine pH 9.5 buffer

(larseni) and Type-III (larseni) by the
Complex-II. 1In Type-I (larseni) this
complex is made up by two separate
fractions "d" and "e" while in Type-I1I
(larseni) and Type=III (larseni) it is
made up by two twin fractions "d+ e".
Type-II (larseni) differs from Type-I
(larseni) and Type-III (larseni) by the
fraction "a". 1In electropherograms this
fraction appears as a weak stain at the
cathode side and in densitometric curves
as a tail of fraction "b" (Fig. 2).
Relative concentration of this fraction,
whenever possible, was computed together

with that of fraction "b" as relative
concentration of Complex-I. Of the ten
examined N. farseni eight were Type-1
(larseni), one was Type-II (larseni) and
one Type-III (larseni).

Two types of electropherograms of
eye-lens proteins of N. nudigrons,
namely Type-I (nudifrons) and Type-II
(nudifrons), can be recognized. These
types differ from each other by fraction
"a" (Fig. 3). Two out of the six N.
nudigrons examined were Type-I
(nudifrons); the other four were Type-II
(nudifrons). Electropherograms of



Bolm Inst. oceanogr., S Paulo, 33(2), 1985

204
Origin
- } *
¥ L ]
Fraction [ v | |ale|tle] B |i] i | k Type I(larseni)
Complex II
Fraction a|b| c |d+elf Igl h I i I j | k Type Il (larseni)
Complex I II
T ! . o
Fraction |b|c| afele] n [i]; | k Type I (larseni)
Complex I

Fig. 2.

Densitometric curves of three different types of electropherograms
of eye-lens proteins of N. Larseni and denominations of their
fractions and complexes.
Type | (larseni) without "a''; 'd" and '"e'' separate.
Type Il (larseni) with 'a''; '"d" and "e" twin.

Type 111

(larseni) without

'a ''; ""d" and ''e'' twin.
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Fig. 3. Densitometric curves of two different types of electropherograms
of eye-lens proteins of N. nudi{frons and denominations of their

fractions and complex.
Type |
Type |1

(nudifrons) without "a''; ''e'' absent.
(nudifrons) with "a''; ""e'' absent.

eye-lens proteins of N. fLansend and N,
nud{grons differ qualitatively and
quantitatively. Qualitatively
electropherograms of eye-lens proteins
of both fish differ by the Complex II.
In N, farsend, this complex consists of
two separate or twin fractions "d" and
"e"; in N. nudifrons, however, in the
position of this complex, there is only
fraction "d" (Figs 2-3).
Electropherograms of K. farsend and N.
nudifrons also differ by fraction "k"
which in N. farsend appeared as a small
peak at the inode extremity of
densitometric curves (Fig. 3).
Quantitatively, both species differ by

the relative concentration of fraction
"¢" which is significantly higher in
N. nudifrons (Table 1).
Electropherograms of muscle proteins
of N. Larseni and N. nudifrons are very
similar. Qualitatively, only a slight
difference in sharpness of several fine
and faint fractions in the cathode side
of electropherograms can be recognized
(Fig. 4).
Densitometric curvesof electropherograms
of muscle proteins of N. fLarseni and N.
nudifrond showed sixteen to seventeen
fractions. They were denominated
sucessively by arabic numbers from
cathode to anode (Fig. 5).
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Table 1. Relative concentrations (%) of fractions and comnleﬁes of
electropherograms of eye-lens proteins of N. Lansendi and
N. nuddgrons

Species
N. Lansend N. nudraigrons
Fractions and Complexes . _ e _
x + t x Sx(n) x * t x Sx(n)
b 3.55 + 0.41 (9) L.oG6 + 8.51 (2)
a+ b (Complex 1) 6.81 (1) 6.03 + 0.88 (4)
c 14.88 + 1.12 (10) 17.77 £ 1.75 (6)
d 11.29 = 1.10 (8) 12.37 + 0.49 (6)
e 6.44 + 1,21 (8) -
d + e (Complex 11) 17.58 + 0.49 (10) -
f 7.54 + 0,27 (10) 8.01 + 0.64 (6)
g 9.35 + 0.54 (10) 10.16 + 0.74 (6)
h 28.40 + 0.85 (10) 28.60 = 0.73 (6)
i 11.94 = 0.71 (10) 12.00 = 0.77 (6)
] 5.41 + 0.46 (10) .91 = 0.74 (6)
k 1.69 0.82 (6) 1.14 =+ 1.72 (5)

x = mean

txSx = confidence interval (level of significance 5%)

n = number of individuals
Quantitatively, only the difference in "11" onward, become more rapid than
relative concentration of fraction "11" their correspondents before the
of both species is significant (Table 2). conservation (Fig. 5).

Extracts of three N. fanseni were Zymograms of muscle esterases are
kept overnight at -20°C and their shown in Figure 6. All N. nudifrons are
electropherograms were compared with of the same zymograms while those of N.
those obtained before the conservation. Larnsend varied. Four out of the ten N.
It was noticed that the conservation Larnseni showed the same zymograms as
affected not only the number but also those of N. nudifrons. Apparently
the migration of the fractions. Fraction zymograms of muscle esterases were not
"14" was divided into "l4a" and "14b"; affected by the conservation of extracts.
fraction "18" a new and faint fractionm, Electropherograms of eye-lens, muscle
appeared near the anode of proteins and zymograms of muscle
electropherograms of conserved extracts. esterases of the lanternfish are
Migration velocities of various distinctly different from those of

fractions, especially those of fractions nototheniids (Figs 4, 6, 7).
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N. larseni

<—— Origin

Interface of upper and
lower gels

Lanternfish

N. nudlfrons

R el

Interface of upper and
lower gels

Fig. 4. Electropherograms of muscle proteins of Antarctic fish
obtained in gel of polyacrylamide.
A. Ten N. Latseni (individual number from 1 to 10).
B. Six N. nudtifrons (individual number from 1 to 6).
the lanternfish and repetitions of extracts of
N, Larnsend number 3, 4 and 5 after their conservation
at -20°C overnight.
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Fig. 5. A. Densitometric curve of electropherogram of muscle proteins
of N. Larseni and denomination of fractions.
B. Densitometric curve of electroferogram of muscle proteins
of the same fish showing the appearance of fractions 1kb,
18 and the increase of velocity of various fractions after
the conservation of extract at -20°C overnight.

Species
T N. Larseni (n=10) N. nudifrons (n=6)
Xt tSx X & tS5x

1 3,13 £ 1.59 1,51 £ 0,83

24344 2.43 + 0,65 2.06 + 0.88

5 1.47 = 0,39 2.09 = 0.87

3 1.68 ¢ 0.4 1.87 = 0.91

7 2.02 £ 0.41 2.97 + 0.61

8 .22 = 0.74 5.15 £ 1,26

3 6.49 + 1.2k 9.47 ¢+ 2.03 Table 2. Relative concentrations of
1o 27.83 + 2.66 25.07 ¢ 2.90 fractions of electropherograms
& i miae Vo7 2 5:9% of muscle'proteins oF‘

|z o35 + .28 Bt e N. Larsend and N. nudigrons
13 19.90 = 0.94 19.70 = 1.4

1L 7.32 £ 1,02 6.57 = 1,39

15 21.06 + 0.92 20,17 = 0.76

16 0.78 £ 0,18 0.69 = 0,28

17 1.06 £ 0.27 0.59 ¢ 0,36
x = mean

txSX = confidence Interval (level of significance 5%)

n = number of Individuals
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N. nudifrons 1 N. larseni
| 1 2 3 4 5 6 | [_ 3 4 5 l
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e
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Fig. 6. Zymograms of muscle esterases of Antarctic fish obtained
in gel of polyacrylamide.

A. Ten N. Larsend (individual number from 1 to 10).

B. Six N. nudifrons (individual number from 1 to 6); the
lanternfish and repetitions of extracts of N. Larsend
number 3, 4 and 5 after their conservations at -20°C
overnight.
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Fig. 7. Densitometric curves of electropherograms of eye-lens proteins
(A) in cellulose acetate membrane and of muscle proteins in
gel of polyacrylamide (B) of lanternfish.

Discussion and conclusion

The soluble proteins of the eye-lens
were considered to have great value for
taxonomic studies because they are
synthesized by only one cell type
present in the eye as a single layer
(0'Rourke, 1974). The use of eye-lens
proteins, however, has its drawback
because they are known to be affected by
ontogenetical and pathological processes
(Bon, 1957; Haen & 0'Rourke, 1969;
Barrett & Williams, 1967; Peterson &
Shehadeh, 1971; Phan et af., 1977;
Zigman & Yulo, 1979; Vazzoler & Phan,
1981). Variation of electropherograms
of eye-lens proteins of nototheniids in
relation to growth was not studied due

to the small number of samples collected
in only one location and small range of
body length of specimens. The
observation that one type of
electropherograms of eye-lens proteins
of N. fLarnseni can be readily
distinguished from those of N. nudifrons
implied that this tissue might be useful
for the identification of species,
Soluble muscle proteins of fish were
considered a good material for the study
of interspecific variations by means of
electrophoretic techniques (Tsuyuki

et al., 1965). Conservation of muscle
samples of fish under -15°C for a long
period, however, may induce alterations
in electropherograms (Moore ef al.,1970;
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Suzuki et al., 1983). Electropherograms
of muscle proteins of the two
nototheniids investigated showed very
little intra - and inter-specific
differences. Electropherograms of one
species were severely affected by the
conservation of extracts. Muscle
esterases, on the other hand, showed a
great degree of intra-specific
heterogeneity in N. fansend and a high
percentage of inter-specific homogeneity
between N. farsend and N. nudifrons.
These characteristics of muscle
esterases coupled with the observation
that their zymograms were not affected
by conservation of extract make these
isozymes a suitable material for the
study of protein variations in N.
Larnsend and N. nudifrons

Resumo

Foi realizado um estudo preliminar sobre
eletroferogramas de proteinas de crista-
lino e de musculo esquelético, e zimo-
gramas de esterases de musculo esquelé-
tico de dez Notothenia Lanseni, seis
Notothenia nudifrons e de um peixe-lan-
terna, Electrona antarctica. Os peixes
foram coletados pelo N/Oc. "Prof. W.
Besnard" do Instituto Oceanografico da
Universidade de Sao Paulo durante a
I Expedigao Brasileira a Antartica. As
pr teinas do cristalino foram analisadas
em membranas de acetato de celulose, en-
quanto que as proteinas e esterases do
misculo esquelético, em gel de poliacri-
lamida.

As proteinas do cristalino apresentam
tres tipos distintos de eletroferogramas

para N. Lanseni e dois para N. nudifrons.

Um dos eletroferogramas de N. farsendi
pode ser prontamente distinguido dos de
N. nudifrons. Eletroferogramas de pro-—

teinas de musculo de N. Larseni e de N.
nudigrons sao muito semelhantes e con-
sistem de 16 a 17 fracoes. Os eletro-
ferogramas de proteinas de musculo de

N. Larseni sao severamente afetados pela
pregervaqgo dos extratos por uma noite a
-20°C.

Todos os N. Aud{frons apresentam um
mesmo zZimograma de esterases enquanto
que os de N. fLarnsend variam.

Tanto os eletroferogramas de protei-
nas do cristalino e do musculo como os
zimogramas de esterases do peixe—lan-
terna sao diferentes dos apresentados
pelos nototeniideos.
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