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Abstract
To enable further studies of immune responses of grass carp (Ctenopharingodon idella) especially
during the outbreaks of infectious diseases an IgM-like immunoglobulin was isolated from pooled
grass carp  anti-goat IgG sera. The immunolglobulin was purified by means of gel filtration,
affinity and ion-exchange chromatography columns as two distintct peaks, but the two peaks
(IgMs) seems to be different in molecular natures. The molecular weight of the unreduced  IgM
was determined to be 480-640 kilo Daltons (KD) when estimated by dodocyl sulfate-polyacryla-
mide gel electrophoresis (SDS-PAGE). The amount of IgM was found to range from  3 to 4mg/
ml serum.

Introduction
From the available literature there is an evi-
dence of intergenetic variation for the
immunoglobulins (Ig) of fish. Although,
elasmobranches known to possess pentameric
and monomeric forms of IgM in their sera, so
far only tetrameric IgM has been identified in
teleost sera ( e.g. Corbel, 1975, Lobb & Olson;
1988,  Havarstein et al., 1988; Sanchez. &
Dominguez, 1989; 1991; Whittington, 1993).
While most teleost fish possess no Ig in low
molecular weight (MW) fractions of sera there
is unequivocal evidence that some do. (Clem
&Mclean, 1975; Lobb & Clem, 1981; Warr,
1983). Furthermore, the results of some stud-
ies have been shown the presence of H and L
chains isotypes in a number of teleost fish (e.g.
Lobb & Olson, 1988;  Havarstein et al., 1988;
Sanchez et al., 1989; 1991). Grass carp is one

of valuble commercial species currently be-
ing grown in many parts of Asian countries
including Iran. The aim of this study was to
purify and partially characterized raised spe-
cific polyclonal antisera to grass carp serum
Ig to enable further studies of immune re-
sponses of fish during occurrence of infections
such as motile Aeromonas septicaemia and
reoviral haemorrahgic septicaemia in this spe-
cies (Soltani & Rabani, 1999; Karegar, Payghan
& Jahanshahi, 1996).

Materials and Methods
Immunization of fish
Ten apparently healthy grass carp with aver-
age weight of 1 kg obtained from a fish farm
in north Iran were acclimatized in 4000L
fiberglass tank at 24ºC and were fed using
lucern and clover. Five fish were immunized



Bull. Eur. Ass. Fish Pathol., 23(3) 2003,  103

by intraperitoneal injection with 2mg/fish  of
goat IgG (Sigma) in Freunds complete
adjuvant (in ratio 1:2) and kept separately at
24ºC. Immunization was repeated 2 and 4
weeks later and blood samples were collected
from caudal vein, allowed to clot overnight
at 4ºC and sera were collected, pooled and
stored at -20ºC until required.

Gel filtration chromatography
Grass carp anti-goat IgG serum was
chromatographed on a 100 x 2.6 cm column
containing sephadex G-150 (Pharmacia) with
25mM Tris-HCl, pH 7.5, 0.2M NaCl buffer
(THN); a flow rate of 40ml per 1 hour and a
fraction size of 5ml. Protein content was moni-
tored in the eluent by absorbance at 280nm.
Pooled fractions were concentrated by dialy-
sis against normal saline buffer and stored at
-20ºC until required for sodium dodocyl
sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) analysis.

Affinity chromatography
Affiinity chromatography described by Smith
(1992) was used. Two milliliters of gravity-
packed goat  anti-mouse IgG agarose beads
(Sigma) were added to a 10- x 0.5-mm glass
column, washed with 150 ml phosphate-buff-
ered saline (PBS, 0.01M, pH7.2) at a flow rate
of 30ml/h, and then stripped with 10ml elu-
tion buffer (0.1M glycine, pH 11). The column
was washed and equilibrated with 150ml PBS.
Two milliliters of serum from a goat-IgG-im-
munized fish was mixed with 2ml PBS and
then filtered through a 0.45 µm filter. The sam-
ple was applied to the column and allowed
to flow past the beads, then the column was
washed with 100ml PBS. The fish anti-goat Ig
was eluted from the column with 5 ml elu-

tion buffer, collected as one fraction, and neu-
tralized with 0.6 ml of 0.1 M Tris buffer (pH
7.2). The fraction was extensively dialyzed
against multiple change of PBS for 18 hour at
4ºC, concentrated by centrifugation
(Centricon-30 micro concentrator) and stored
at -20ºC for further study by SDS-PAGE.

Ion-exchange chromatography
The serum obtained from goat-IgG immu-
nized fish was first diluted in an equivalent
volume of PBS, filtred and was then used for
ion-exchange chromatography procedure. A
40 x 2.6cm column containing DEAE-
Sephadex G-150 (Pharmacia) with 25mM Tris-
HCl buffer (THB),  pH 7.5 and 25mM Tris-HCl
buffer containing 0-0.6 mM NaCl at a flow rate
of 40ml/hour was used. Protein content was
measured in the eluent by absorbance at
280nm. Fractions of 5ml were pooled and
concentrated by 55% ammonium sulfate, cen-
trifuged at 10000 rpm at 4ºC for 30 minutes;
suspensed in THB, aliquoted and stored at -
20ºC unitl required for SDS-PAGE analysis.

SDS-PAGE
The molecular weight of the fish serum Ig
separated by ion-exchange chromatography,
gel filtration and affinity chromatography was
determined by analytical SDS-PAGE under
non-reducing conditions according to Lameli
(1970) with a 12% resolving gel and a 4%
stacking gel containing 29:1 acrylamide:bis
acrylamide with urease (product No.U7752,
Sigma) and bovine serum albumin (BSA,
Sigma) as markers.

The Ig samples were mixed 1:1 with electro-
phoresis sample buffer (2.3 ml 10% SDS; 1ml
0.625M Tris-HCL, pH6.8; 1ml glycerol; and 5.2
ml distilled water), which also contained
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10mg Bromophenol Blue. The samples were
boiled for 5min, cooled at room temperature,
and added to a single well of the gel. The gel
was then electrophoresed for about 2 hour in
an ice bath at a constant voltage of 90v, fixed
and stained for 2 hour with a 10% acetic acid-
40% methanol solution containing 0.125%
Comassie Brilliant blue for  1 hour and
destained with 10% acetic acid-40% methanol
solution overnight and washed in distilled
water until the gels become clear. The molecu-
lar weights of the proteins were calculated
compared to markers.

Protein determination
Purified IgM and total protein concentration
in serum from 5 grass carp, 1 kg in weight,
were both quantified using the method de-
scribed by Bradford (1976). Calibration curves
were prepared using bovine serum albumin
(Sigma).

Results
Purification  and molecular weight
determination of IgM
Gel filtration of whole serum from grass carp
resulted in the profile shown in Figure 1. The
first peak to elute from the column was ex-
amined for  the presence of the IgM-like mol-
ecule. Fractions from the ascending part of the
peak were rich in a protein, and after SDS-
PAGE analysis was shown to consist of one
band having molecular weight of 490 KD (Fig.
5).

After the application of grass carp serum to
the agarose beads, the fish anti-goat-IgG im-
munoglobulin was eluted  in two peaks by
the glycine elution buffer (Fig. 2). The non-
reduced affinity -purified serum Ig from fish
eluted from the column in the second peak
and had an estimated molecular weight of
480-640 KD.(Fig. 4).

Fig. 1. Gel filteration on Sephadex G-150 of 1ml
grass carp antiserum. The leading edge of the peak
indicated by the arrow, is rich in IgM.

Fig. 2. Protein elution profile of C. idella serum from
affinity column.  Application of whole serum to the
column (A) was followed by the detection of a large
protein peak (A-B). The column was washed with
PBS buffer (B) and the bound protein was eluted from
the agarose beads (C) by the glycine elution buffer,
resulting in the second protein peak containing the
affinity purified C. idella Ig (C-D). Each line segment
between two point represents individual fractions.

B
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Also, using ion-exchange chromatography, an
elution profile of four major peaks was ob-
tained (Figure 3). The first two peaks, eluting
at 0.26 mM NaCl (peak 1) and 0.3 mM NaCl
(peak 2), contained the purified immu-
noglobulin. The molecular weight of these
peaks were almost similar and estimated to
be 490 KD (Figure 5).

Serum levels of IgM
The level of IgM in serum of grass carp was
found to range from 3 to 4 mg/ml. Total se-
rum protein concentration was estimated to
be approximately 20 mg/ml. Therefore,  the
IgM accounts for 15-20% of the total serum
protein of grass carp.

Discussion
The study of IgM-like fish immunoglobulins
has received considerable attention over the
last 20 years (e.g. Du Pasquier, 1982,
Marchalonis & Schluter, 1990, Estevez et al.,
1993, Lloyd, 1993, Kofod et al., 1994) not only
with the goal of improving understanding of
the phylogeny and ontogeny of higher verte-
brates Igs,  but also due to the needs of fish
farming industry for effective prevention and
control of a number of devastating infectious
diseases which occurs as a result of high den-
sity stocking.  From the avaiable literature, in
spite of its high commercial value, no studies
on grass carp Igs have been carried out to date.
In the present work we aimed to isolate and

Fig. 3. Chromatography of grass carp IgM on anion-
exchange column. Elution was carried out using a
linear gradient 0-0.6mM NaCl. The IgM eluted as
two separated peaks (peak 1 and 2).

Fig. 4.  SDS-PAGE with 12% polyacrylamide gel
stained with Coomassie Blue under non-reducing
conditions for estimation of molecular weight of
C. idella IgM. Lanes 1 and 7 : Urease (marker), Lanes
2 and 8: BSA (marker), Lanes 3 and 4: normal fish
serum, Lanes 5 and 6: C. idella affinity-purified IgM.

Fig. 5. SDS-PAGE with 12% polyacrylamide gel
stained with Coomassie Blue under non-reducing
conditions for estimation of molecular weight of
C. idella IgM. Lanes 1 and 2: fractions from affinity
chromatography; Lane 3: Urease (marker), Lanes
4-9: Unreduced purified grass carp IgM from peak
1, Fig. 2 ( peak 1 from gel filteration
chromatography) ; Lanes 10-14: Unreduced
purified grass carp IgM from peaks 1 and 2, Fig. 3.
( ion-exchange chromatography).
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characterize these molecules, as a first step
towards the production of anti-Ig monoclonal
antibodies and study of grass carp immune
responses. Our results demonstrate that both
affinity chromatography using goat IgG
agarose beads and gel filtration chromatog-
raphy on G-150 columns are suitable meth-
ods for the one-step isolation of relatively pure
grass carp Igs from whole serum. Each of
these procedures are eaiser than standard
methods for the isolation of fish Igs, such as
salt fractionation combined with molecular
sieving on low pressure columns or ion-ex-
change chromatography ( Fuda et al., 1991,
Estevez et al., 1993).

Estimation of molecular weight of serum
immunoglobulins of grass carp was per-
formed using three different methods consist-
ing of gel chromatography on G-150, affinity
chromatography using goat Ig G agarose
beads and ion-exchange chromatography.
Affinity chromatography method has the ap-
proximate values of about 480 and 640 KD by
SDS-PAGE, while other methods show iden-
tical molecular weight with an approximate
value of 490 KD. Thus it seems likely that
grass carp immunoglobulin has both
tetrametric and trimeric structures. In their
studies by Clem & McLean (1975), Elcombe
et al. (1985), Lobb & Clem (1981) and
Buchmann, Ostergaard & Glamann (1992) the
prescence of monomer and dimmer molecules
have been  also suggested. Therefore, the iso-
lation of proteins with low molecular weight
of 480 KD from grass carp serum in unreduced
SDS-PAGE in this study could be interpreted
as a trimmeric Ig molecule in accordance with
the G-150 gel chromatography. A knowledge
of total serum Ig levels is important for un-

derstanding of fish physiology and pathology.
In grass carp, the value obtained (average
3.5mg/ml) was lower than those which have
been reported for common carp (4.8mg/ml)
and goldfish (4.7mg/ml) (Vilain et al., 1984).
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