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ABSTRACT 

An immunoglobulin M (IgM)-like protein was isolated from egg extracts of rainbow 

trout (Oncorhynchus mykiss) by both affinity chromatography on Mannan Binding Protein 

(MBP) and by selective precipitation and volume exclusion using a proprietary "Gamma

yolk" purification procedure. Rainbow trout serum IgM was also isolated using both 

procedures. One step affinity chromatography using MBP, yielded relatively high purity 

IgM-like molecules as observed by sodium dodecyl sulfate polyacrylamide gel 

electrophoresis (SDS-PAGE). Percent recovery from total proteins loaded was 

approximately 1% for egg extracts and 3% for serum by MBP, while "Gamma-yolk" 

yielded higher recoveries (8% for egg and 28% for serum). However purity of the 

preparations were compromised as evidenced by multiple banding under SDS-PAGE. 

Total egg and serum protein content were 59.9 ± 5.7 mg/ml (n=36) and 36.7 ± 12.7 

mg/ml (n=19) respectively. 

Molecular weight of egg immunoglobulin was estimated to be 216 kD under non

reducing conditions in 3% SDS-PAGE. This was much smaller than the purified serum 

IgM which was approximately 882 kD. The 216 kD band corresponds to the monomeric 

form of serum IgM which occurs in a tetrameric form in fish. 

Molecular weight estimation by 12% SDS-PAGE under reducing conditions and 

immunoblotting with monoclonal or polyclonal antibodies raised against trout serum IgM, 

discerned the heavy and light chains of the isolated trout egg IgM-like molecule at 87 and 

24 kD respectively. This was similar to that observed for seric IgM. However, an 

additional light chain with molecular weight of 21kD was observed in the egg preparations 

while serum IgM had an additional light chain at 28 kD. The light chains of egg IgM 



probably occurred as two different isomeric forms, as previously reported for serum lgM 

light chain. 

Concentration of IgM in the serum and egg of rainbow trout raised in disease-free 

aquatic facilities was determined by enzyme-linked immunosorbent assay (ELISA), using 

polyclonal goat anti-trout Ig antibodies as capture antisera, and monoclonal antibodies 

specific to H chain of trout IgM as detecting antibodies. Female rainbow trout (3-4 kg) had 

significantly higher ( p < 0.05) egg IgM (1.03 ± 0.25 mg/ml, n=15) than serum lgM (0.11 

± 0.02 mg/ml, n=15). The concentration of IgM in the ovum and egg was highly correlated 

(r = 0.8, p < 0.05) with the concentration of IgM in the maternal serum (n=18 ). Maturation 

significantly (p < 0.05) reduced ovum IgM concentration from a mean of 14.5 mg/ml (n=6) 

in oocytes whose mean diameter was 1 mm to 3.2 mg/ml (n=6) in pre-ovulatory oocytes 

(mean diameter = 4 mm). 

The stability or shelf-life of the serum and egg IgM molecules was tested using 

SDS-PAGE, western blot and silver staining techniques by monitoring the appearance of 

immune reactive bands with time. Egg IgM appeared to be stable at 4 °C for at least 10 days, 

while serum IgM appeared to be stable for only 6 days. 

Localization of IgM in the ova was assessed by immunohistochemistry of cryostat 

sections reacted with either monoclonal mouse anti-trout IgM H chain antibodies (4D11), or 

polyclonal rabbit anti-male rainbow trout serum IgM antibodies. The lgM-like molecule 

was diffusely present in the ovum yolk. Strong immunoreactivity was observed in the inner 

margin of ovarian follicles as a thin layer protecting the egg. Immunoreactivity was 

observed in ova from small ( <1 mm in diameter) to mature eggs, indicating early transfer of 

serum IgM to the egg. 
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1 GENERAL INTRODUCTION 

Monitoring of wildlife health in relation to environmental stress has mainly 

concentrated on avian or mammalian species with comparatively less effort expended to 

consider the health of aquatic organisms (Zelikoff 1994; Vos et al 1994; Rogers & 

Kavlock 1996; Kendall et al. 1996; Lillehaug et al. 1996). Recently, various tests 

measuring immune system status have evolved as a means of assessing wildlife health 

(Wester et al. 1994 ). A similar approach has also been applied to fish but basic research in 

fish immunology lags behind that applicable to terrestrial vertebrates. One drawback of 

immune system studies is that they normally involve invasive procedures requiring the 

collection of blood, organs and/or tissues. More recently, as in birds, antibodies have been 

demonstrated in fish eggs and this has kindled interest in the possibility of using fish egg 

immunoglobulins as biomarkers which would not require invasive manipulations. 

All vertebrates respond to contact with foreign substances (antigens) by producing 

specific serum proteins referred to as immunoglobulins (Igs). Depending on function, 

these immunoglobulins are grouped into distinct classes, with mammals possessing five 

classes (IgM, IgG, IgA, IgD and IgE), birds having three classes oflgs (Jurd 1994), 

reptiles two (Jurd 1994), amphibians two (Horton 1994) and teleost fish one class of Ig 

(Voss et al. 1980; Kobayashi et al. 1982; Havarstein et al. 1988; Sanchez et al. 1991; 

Wilson & Warr 1992; Estevez et al. 1993; Manning 1994). It is apparent that the number 

of immunoglobulin (Ig) classes decreases with increasing phylogenetic distance from 

mammals. 

The single class of immunoglobulin in teleosts has been identified as IgM, which 

differs from the pentameric IgM of mammals, in that fish IgM occurs most commonly in a 

tetrameric form (Corbel1975; Voss et al. 1980; Pilstrom & Petersson 1991; Kofod et al. 
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1994). Other reports indicate that trimeric, dimeric and monomeric forms also occur 

(Phillips & Ourth 1985; Sanchez et al. 1989; Whittington 1993). In addition to serum 

IgM, immunoglobulins in fish also occur in bile, skin and gill mucus, intestinal mucosa, as 

well as in the eggs (Lobb & Clem, 1981a, 1981c; St.Louis-Cormier et al. 1984; Bly et al. 

1986; Wilson & Warr 1992; Lumsden et al. 1994; Suzuki et al. 1994; Yousif et al. 1995; 

Kanlis et al. 1995a, 1995b ). The presence of IgM in eggs has been reported for plaice (Bly 

et al. 1986), tilapia (Mor & Avtalion 1988 & 1990; Takamura 1993), chum salmon (Fuda 

et al. 1992), channel catfish (Hayman & Lobb 1993), rainbow trout (Castillo et al. 1993), 

carp (Suzuki et al. 1994), red sea bream (Kanlis et al. 1995a, !"995b), Atlantic salmon 

(Olsen & Press 1997) and sea bass (Pepin et al. 1997a, 1997b). 

Despite the above numerous reports indicating the existence of IgM in fish eggs, 

including rainbow trout, basic characterization of this molecule in this species has not been 

reported, even though rainbow trout has been among the most researched aquatic vetebrate 

organisms. Rainbow trout (Oncorhynchus mykiss) belongs to the family salmonidae. The 

salmonids are a small family, but they include some of the world's greatest sport fishes. 

They have one identification mark in common - a small, fleshy adipose fin on the dorsal 

surface of the body opposite the anal fin. Rainbow trout are native to western North 

America, and are found from Baja California to Alaska. They have also been introduced 

successfully around the world. Rainbow trout spend their entire life in fresh water, 

although they can also frequent estuarine waters as juveniles or adults. Rainbow trout is a 

commercially important aquaculture species worlwide and particularly in Canada. Factors 

affecting trout health have been rigidly investigated, and findings from trout immunology 

has been interpolated to other fish species. However, despite the importance of maternally 

induced immunity in fish larvae, this literature review failed to disclose studies on trout egg 

IgM other than the report of Castillo et al. ( 1993 ). 
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IgM in fish eggs has been speculated to perform similar functions to 

immunoglobulins occurring in the extra-embryonic layers of higher vertebrates; that is, to 

provide immune protection to the developing embryos. In some mammals, embryos are 

protected by selective transfer of maternal IgG across the placenta to the developing fetus 

(Hasemann & Capra 1989), whereas in birds, IgG is provided to the developing embryo 

through the yolk and albumen (Rose et al. 1974). Much like avian species, fish appear to 

transfer passive immunity to its offspring via the eggs (Bly et al. 1986; Mor & A vtalion 

1990; Hayman & Lobb 1993; Castillo et al. 1993). 

Measurements of IgM concentration in serum have been used to assess fish 

immuno-competence under various conditions. Higher IgM concentrations have been 

reported to occur in vaccination programs, or during disease, which reflects their role in 

microbial defense (Magnadottir & Gudmundsdottir 1992; Kanlis et al. 1995b; Anderson 

1990a). However, decreased plasma antibody titers and general immune suppression also 

occur in response to environmental toxicants and stressors (Anderson 1990a). Recent 

reports indicate that immunoglobulin quantity and quality appear to be modulated by 

previous antigen exposure of the mother fish (Takahashi & Kawahara 1987; Kawahara et 

al. 1993; Sin et al. 1994; Kanlis et al. 1995b; Lillehaug et al. 1996). Thus, fish egg IgM 

could provide a non-invasive tool for the study of environmental and water pollutants, their 

mechanisms of action, and the health status of fish. 

1. 1 Fish immune system in comparison with higher vertebrates 

1. 1. 1 Structure and function 

While the immune system of fish, in terms of structure and function, is comparable 

to that of other vertebrates, there are important differences. Fish possess, immunological 
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organs and tissues corresponding to their mammalian counterparts. Apart from the absence 

of lymph nodes, tonsils and bone marrow, the main lymphoid organs in fish are the 

thymus, kidney, and spleen. Other organs that contain lymphoid tissue include the 

intestine and liver (Fange 1982; Manning 1994 ). The fish spleen is relegated to 

erythropoietic and secondary lymphoid organ (Fange & Nilsson 1985), whereas the 

thymus is considered the primary lymphoid organ (Ellis 1992). The kidney has a dual 

function (Van Muiswinkel et al. 1991 ), similar to bone marrow in mammals. In rainbow 

trout, the thymus is home to the T -cells during differentiation, much like in mammals, and 

the kidneys fulfill a role similar to that of bone marrow in blood stem cell formation 

(Manning 1994). The cells produced by these organs are morphologically similar to 

lymphocytes, monocytes and granulocytes in mammals (Ellis 1977; Caspi et al. 1980). As 

in other vertebrates, lymphocytes (Band T-cells) mediate specific immune responses 

(Zeeman & Brindley 1981). B cells, which are produced mostly by the spleen, produce 

antibodies (Voss et al. 1980; Lobb & Clem 1981a; Kobayashi et al. 1982; Havarstein et 

al. 1988; Sanchez et al. 1991; Wilson & Warr 1992; Estevez et al. 1993), which circulate 

in the blood and are responsible for eliminating circulating pathogens. T -cells originating 

from the thymus are involved in cell-mediated responses, including hypersensitivity 

reaction, allograft rejection, and cytokine releasing response to stimulation with antigens 

and/or mitogens (Baldo & Fletcher 1975; Ellis 1977; Botham et al. 1980; Caspi et al. 

1980). Other cells (monocytes, granulocytes and non-specific cytotoxic cells) are 

important mediators of phagocytosis, inflammation and non-specific cytotoxicity (Finn 

1970; Hawkins & Mandesley-Thomas 1972; Anderson 1974; Cobel1975; Ellis et al. 

1976; McKenney et al. 1977; O'Neill1985; MacArthur & Fletcher 1985). Lymphocytes 

are also present in the gut wall (Manning 1994), skin (Peleteiro & Richards 1985), and 

gills (Roberts 1989). In rainbow trout, Ig-containing lymphocytes also occur in the 

epidermis (Peleteiro & Richards 1985) and in sub-epidermal sites following immunization 

(St.Louis-Cormier et al. 1984). 
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The fish immune system may respond to various environmental stressors and 

antigens by both nonspecific and specific immune functions. The nonspecific immune 

reactions in fish are general responses to injury and subsequent invasion by a variety of 

foreign organisms (Zelikoff 1994). Phagocytosis and inflammation are nonspecific 

responses common to all fish (Finn 1970; Corbel1975; Ellis et al. 1976; McKenney et al. 

1977). When microorganisms overcome the physical and chemical barriers, they are likely 

to trigger an inflammatory response. This attracts phagocytic cells, including macrophages 

and circulatory monocytes, which phagocytize the intruders. Polymorphonuclear 

leukocytes also immigrate to inflamed sites, where they target microorganisms with 

destructive enzymes (Anderson 1990a). Phagocytosis of invading cells is enhanced by a 

variety of opsonins, including lectins, C-reactive proteins, complement, and antibodies. 

The specific immune response of fish is essentially a humoral antibody-mediated 

response produced against foreign antigens in addition to cell-mediated responses. The 

latter has been demonstrated primarily by rejection of foreign tissue grafts and by delayed 

hypersensitivity reactions (Manning 1994). The specific immune response involves 

specialized factors that are produced by communication among cell receptors, signal 

molecules, and mediators. This involves the uptake, processing and presentation of 

antigens by antigen presenting cells of the afferent immune system to specific immune cells 

of the efferent immune system, ultimately leading to activation, proliferation and effector 

functions of the antigen-specific cells (Anderson 1990a). The most widely recognizable 

protective feature of efferent immune response is the production of antibodies released into 

circulation by mature B lymphocytes. 
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1.1. 2 Fish immunoglobulin 

Fish plasma IgM has attributes similar to mammalian IgM. There are similarities of 

subunit structure, electrophoretic mobility, molecular weight of the whole molecule and 

heavy (H) chains (Kobayashi et al. 1982; Olesen & Jorgensen 1986; Manning 1994), and 

of the precipitation pattern (Mochida et al. 1994). Fish plasma IgM consists of equal molar 

amounts of H and light (L) chain (Wilson & W arr 1992) and is joined together by disulfide 

linkages. Instead of the pentameric form of mammalian IgM, teleost IgM occurs most 

commonly as a tetramer of eightH and eight L chains (Corbel1975; Voss et al. 1980; 

Pilstrom & Peters son 1991; Kofod et al. 1994 ). The molecular weight of the tetrameric 

IgM has been reported to range from 750 to 900 kilo Daltons (kD) for the whole molecule, 

and 65 to 81 for H and 20 to 30 kD for the L chains (Pilstrom & Peters son 1991; Wilson 

& Warr 1992; Smith et al. 1993; Whittington 1993; Estevez et al. 1993; Kofod et al. 

1994 ). In addition to the tetrameric forms, trimeric, dimeric and monomeric IgM have been 

reported (Phillips & Ourth 1985; Sanchez et al. 1989; Whittington 1993). 

Analysis of the plasma H and L chains with monoclonal antibodies has revealed the 

existence of sub-populations or isoforms in several fish species, including rainbow trout 

(Sanchez et al. 1989), European perch (Whittington 1993), tilapia (Smith et al. 1993) and 

turbot (Kofod et al. 1994 ). IgM of rainbow trout has at least two sub-populations 

(Sanchez et al. 1989; Sanchez & Dominquez 1991; Partula et al. 1996), however, only a 

single class of H chain has been identified (Sanchez et al. 1993). Earlier studies have 

shown that fish are able to generate an antibody response to various antigens (such as 

hapten, dextran, and idiotype) with fine specificity, comparable to that of mammals (Fiebig 

& Ambrosius 1977; Richter & Ambrosius 1988). Antibodies (IgM) in fish serum perform 

similar functions to that found in mammals, and have been shown to mediate phagocytosis 
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through their involvement in neutralization, agglutination, complement-mediated lysis, and 

opsonization of foreign particles (Trust et al. 1981; Griffin 1983; Sakai 1984). 

IgM has been detected in the egg of several fish species. Hayman and Lobb (1993) 

found that egg IgM from channel catfish had the same molecular weight ( -750 kD) as that 

of the plasma IgM, and that it occurred within the yolk, as well as on the external 

membranes of the fertilized egg. When subjected to electrophoresis under non-reducing 

conditions, the egg immunoglobulin dissociated into eight distinct sub-populations, with 

relative mobilities identical to that of the serum Ig. The H and L chains migrated at the 

same relative position as the Hand L chains found in the serum. Using electrophoresis and 

Western blot techniques, Yousif et al. ( 1995) found that the unfertilized egg yolk of coho 

salmon contained a low molecular weight ( -150-160 kD) form of serum lgM. The H and 

L chains corresponded to that of serum IgM, with molecular weights of -76 and -29 kD 

respectively. Fuda et al. (1992) reported that the egg yolk of chum salmon contained an 

IgM -like protein, which showed a complete fusion with the precipitin line of serum lgM 

upon double immuno-diffusion. The molecular weight was assessed by 3% SDS-PAGE 

(sodium dodecyl sulfate-polyacrylamide gel electrophoresis) to be only 495 kD, smaller 

than that of the 750 kD serum lgM. When subject to 10% SDS-PAGE (under reducing 

conditions), this IgM-like protein was separated into 3 small components, with molecular 

weights of 68 kD (H), 51.5 kD (H), and 23 kD (L). Egg IgM has also been detected in 

plaice (Bly et al. 1986), Poecilia reticulata (Tabahashi & Kawahara 1987), tilapia (Mor & 

Avtalion 1990; Takemura 1993), red sea bream (Kanlis et al. 1995a & 1995b), as well as 

in sea bass (Pepin et al. 1997a, 197b). In rainbow trout, IgM has been detected in the yolk 

of unfertilized and fertilized eggs, and on the surface of IgM bearing cells at 8 days prior to 

hatching (Castillo et al. 1993), but characterization of this molecule and comparison to that 

of serum lgM has not been done. 
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1.1. 3 Passive transfer of antibodies from mother to offspring 

Maternal antibodies are transferred through the yolk sac, placenta, or neonatal gut; 

depending on the species. In mammals, immunity is transferred either through the yolk sac 

and placenta, or via the milk colostrum absorbed from the intestine of the neonate 

immediately following birth. Because of their relatively large size, IgM is excluded, with 

only the IgG antibodies being passively transferred to the embryos of mammals through the 

placenta, and IgA through the colostrum in lactating neonates. These antibodies are critical 

for the protection of the newborn until the embryonic immune system has had an 

opportunity to mature (Mor & Avtalion 1990). In birds, the maternally-derived 

immunoglobulins are transferred from the hen's serum into the yolk, and ultimately to the 

blood circulation of the developing chick (Buxton 1952; Rose et al. 1974). These 

antibodies are also of the IgG class (Brambell1970; Rose et al. 1974). Rose et al. (1974) 

reported that egg yolk contained at least two antigen-binding subclasses of IgG derived 

from the hen's serum. IgM and IgA, absent in yolk and in newly hatched chick serum, 

were detected in the white of unembryonated eggs. In fishes, tetrameric IgM and a low 

molecular weight variant of IgM found in egg yolk, was shown to be structurally and 

functionally similar to serum IgM (Mor & A vtalion 1990; Hayman & Lobb 1993). When 

female fish were immunized, IgM-like proteins with antibody activity similar to that of 

serum were detected in their eggs (Bly et al. 1986; Mor & Avtalion. 1988; Kanlis et al. 

1995a & 1995b), supporting passive transfer of antibodies from mother to offspring in 

fish. 
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1 . 2 Ovarian function in fish 

1. 2. 1 Structure and function 

Reproduction in rainbow trout has been strongly influenced by man. The spawning 

period of the original strains of trout occurred in spring, however there are now strains that 

spawn from late winter through the spring (Billard, 1992). Spawning fish are usually three 

to four years of age and weigh 1.5 to 4 kg, but repeat spawners can be considerably older 

and larger in size. They are very prolific, producing 2000-3000 4-5 mm eggs per kg of 

body weight in a single batch once a year. Most oocytes from both ovaries grow 

synchronously, and these are ovulated at the same time (Tyler et al. 1996), however, it 

takes about 6 months for the ovarian process to complete (Billard, 1992). 

Rainbow trout ovaries are situated bilaterally along the abdominal cavity wall. The 

ovaries are covered by an ovarian wall, and are held within the peritoneal cavity by the 

mesovarium. In the adult, the two ovaries are elongated structures, consisting of numerous 

ovarian lamellae where oogenesis occurs and an ov~an cavity. The lamellae are covered 

by a germinal epithelium in which germ cells become included (Billard, 1992). These 

lamellae project into the lumen of the ovary, surrounded by blood vessels and supported by 

connective tissue septa. The ovarian cavity opens into the abdominal cavity and mature 

eggs are released into this cavity where they then pass through a funnel-shaped groove to 

the genital pore, from which they are released during spawning (Yasutake & Wales 1983). 

The ovarian follicle is the basic morphological and functional unit of the ovary 

(Fig.1) (Takashima & Hibiya 1995), which, in the case of rainbow trout, is similar to most 

other fishes. The oocyte, developing near the center of the follicle, is surrounded by an 

acellular vitelline envelope, also known as the zona radiata (ZR) (Takashima & Hibiya 
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1995). The ZR is called the chorion after hardening following release into the water. This 

layer is then surrounded by follicle cells (FC). The FC layer generally consists of two 

sublayers: the inner granulosa cell (GC) layer and the outer theca cells (TC) layer. A 

basement membrane (BM) separates the two sublayers (Redding & Patino 1993). Other 

structures that support oocyte development are microvilli, pore canals, micropyle, and gap 

junctions. Microvilli, originating from both the oocyte and GCs, penetrate the ZR through 

pore canals. The gap junctions are cytoplasmic connections between GCs and the oocyte, 

which facilitate transfer of nutrients and chemical messengers between the interconnected 

cells. The micropyle is an opening in the ZR of ovulated eggs, through which sperm 

access the egg surface during fertilization (Takashima & Hibiya 1995). Rainbow trout 

ovaries also contain transitory corpora lutea and corpora atretica whose function have been 

attributted as transitory endocrine organs releasing estradiol and dihydroxyprogesterone. 
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Figure 1: Generalized diagram of an ovarian follicle in teleosts. The oocyte 
is located in the center of the follicle, and is immediately surrounded by zona radiata (ZR) 
which is in turn surrounded by a follicular wall. The inner portion of the follicular wall is 
composed of the granulosa cells (GC layer), and the outer portion contains theca cells (TC 
layer). The TC layer is separated from the GC layer by a basement membrane. The 
germinal vesicle (GV) is shown in an eccentric position (Diagram adapted from Redding & 
Patino 1993; Takashima & Hibiya 1995). 

1 1 



1.2.2 Oocyte development- oogenesis 

Oogenesis refers to the highly complex process of development and differentiation 

of the oocyte. By definition, an oogonium becomes an oocyte upon entering meiosis. 

Oogenesis can be divided into several stages, starting with oocyte growth including 

vitellogenesis, followed by oocyte maturation and, eventually ovulation. Ooocyte 

maturation (formation of ovum) and ovulation constitute the terminal stages of oogenesis 

(Guraya 1986). 

The oocytes in trout, as in other teleost fishes, undergo remarkable nuclear and 

cytoplasmic changes during development. Oocyte development consists of two phases: 

primary growth and secondary growth. Rainbow trout oocyte growth takes place 

principally during the secondary growth phase of vitellogenesis. At this time oocyte size 

increases from less than 0.5 mm in diameter up to 4-5 mm (Tyler et al. 1996). Most of this 

growth is attributed to the uptake of vitellogenin (Vtg) from the blood. The Vtg originates 

from the liver in response to estradiol, which is produced by ovarian follicle cells in 

response to increased gonadotropin (GtH) levels in b~ood (Nagahama 1983; Ho 1991). 

Vitellogenin is modified and deposited as yolk in the oocyte (Wallace et al. 1987). 

Circulating V tg appears to access the oocyte by penetrating the follicular cell layer through 

the intercellular channels between granulosa cells. It then reaches the oocyte via the pore 

canals of the zona radiata (Abraham et al. 1984 ). Uptake of vitellogenin occurs via 

micropinocytosis and appears to involve binding of vetellogenin to specific receptors on the 

oocyte surface. In rainbow trout, this uptake can be induced by GtH I (analogous to FSH), 

but not GtH II (analogous to LH) (Tyler 1991). 

Once growth is complete, the oocyte is ready for the next phase: oocyte maturation. 

Reduction division is resumed (for final meiotic maturation), and is accompanied by several 
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maturational processes in both the nucleus and cytoplasm. These changes occur prior to 

ovulation and are a prerequisite for successful fertilization. With appropriate hormonal 

stimuli, the germinal vesicle breaks down, chromosomes undergo condensation and the 

first polar body is extruded (Guraya 1986). As vitellogenesis proceeds, the oocytes 

enlarge, the follicular epithelium thickens, and yolk vesicles fill the ooplasm (Y asutake & 

Wales 1983), at which point the oocytes (ova) are ready for release. 

Ovulation may be described as the process by which the ova are released into the 

ovarian or peritoneal cavity. The expulsion of the egg, following completion of the first 

meiotic division, results from the contraction of the follicle wall. Meiosis continues in the 

ovulated eggs up to the second meiotic metaphase, at which point the eggs are ready for 

fertilization. Both meiotic maturation and ovulation constitute the completion of oogenesis 

(Guraya 1986). In most vertebrates including fish, ovulation is initially induced by GtH 

following maturation of the oocyte (Redding & Patino 1993). Prostaglandin synthesis also 

precedes GtH-induced ovulation in fishes, as in most other vertebrates (Goetz et al. 1991). 

Prostaglandins influence the contraction waves involved in the ovulation process. 

1.2.3 Fish egg IgM as a potential biomarker 

Fish are appropriate candidates to monitor environmental pollution for a number of 

reasons. First, water constitutes the majority of the earth's surface, and pollutants of all 

types eventually end up in water. Second, fish comprise the largest group of vertebrates in 

land or water. Third, fish species are diverse and many are relatively inexpensive to buy 

and maintain (Wester et al. 1994). Fourth, because of their diversity, they provide many 

types of animal models for study (Anderson 1990a). Fifth, the immune system of fish 

appears to be fairly well developed, and, in many aspects, comparable to mammalian 

immune systems (Wester et al. 1994 ). Possible immunological biomarkers that might be 
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applied to fish include allograft rejection, mixed lymphocyte reaction, cellular proliferation, 

phagocytosis and serum IgM concentration, all of which appear to be suppressed upon 

exposure to toxicants (Anderson 1990a; Weeks et al. 1992). Presently, serum IgM 

concentrations are the most widely used index to estimate environmental (water) pollution, 

based on the observation that many pollutants non specifically decrease IgM production to 

standard antigens such as sheep red blood cells (Anderson 1990b; Anderson et al. 1990). 

The available literature appears to indicate that the level of IgM in fish eggs may reflect the 

Ig concentration in the serum of mother fish (Kanlis et al. 1995b; Olsen and Press, 1997). 

Thus, fish egg IgM may provide a useful biomarker. Studies using fish eggs provide 

potential advantages over whole organism studies, including minimal care, large numbers 

can be obtained within a very short period, and compared to other immunological methods, 

measurement of egg IgM levels may be the least invasive to the mother fish, while 

providing reasonable accuracy. The IgM concentration of fish egg could be used as a 

supplementary or replacement biomarker under many conditions. 

1. 3 Techniques for characterization of fish lgM 

1. 3. 1 Detection 

Several techniques have been used to detect, purify, and quantify IgM in teleost 

eggs. The most widely used detection method is SDS-PAGE, followed by blotting and 

staining with antibodies specific to serum IgM (Fuda et al. 1992; Kanlis et al. 1995a; 

Yousif et al. 1995). Other approaches have included radio-iodination and 

immunoprecipitation with antiserum to IgM (Lobb 1986), hemagglutination (Bly et al. 

1986; Mor & Avtalion 1990), immunohistochemistry (Hayman & Lobb 1993), and 

immunoelectrophoresis (Takemura 1993). 
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1. 3. 2 Quantification 

The most widely used method in the quantification of fish IgM has been the enzyme 

linked immunosorbent assay (ELISA) (Mor & Avtalion 1990; Takemura 1993; Castillo et 

al. 1993; Yousif et al. 1995). Other methods for quantification are hemagglutination (Bly 

et al. 1986), immunoelectrophoresis (Bly et al. 1986), single radial and double 

immunodiffusion (Takemura 1993). IgM values ranging from 2 to >40% of total proteins 

in serum of different fish species was summarized in reports by Fuda et al. ( 1991) and 

Israelsson et al. (1991). 

1. 3. 3 Purification 

Purification methods that have been employed to purify egg and serum IgM vary 

according to the purity requirements and types of test to be performed. In general, 

homogenization and medium speed centrifugation precede more elaborate purification 

methods (Hayman & Lobb 1993; Castillo et al. 1993). Salt precipitation has been 

combined with homogenization (Hayman & Lobb 1993). Other methods that have been 

used have included gel filtration (Bly et al. 1986), a combination of affinity 

chromatography and gel filtration (Magnadottir 1990), anion exchange chromatography 

(Takemura 1993; Suzuki et al. 1994), and affinity chromatography (Kofod et al. 1994). 

In comparison with alternatives, affinity chromatography appears to be the preferred 

method for purification of fish IgM. 

Several variations of affinity purification methods have been employed by different 

laboratories to purify fish serum IgM. These have included the use of anti-rainbow trout 

serum IgM monoclonal antibodies coupled to CNBr activated sepharose 4B, preceded by 

ammonium sulfate precipitation or ion exchange chromatography (Sanchez et al. 1991; 
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Estevez et al. 1993). Another method involved affinity chromatography followed by gel 

filtration (Watanabe & Suzuki 1986; Israelsson et al. 1991). Kofod et al. (1994) purified 

specific immunoglobulins through an agarose column with immobilized DNP-BSA 

followed by gel filtration. 

1. 4 Affinity purification of fish lgM 

Affinity chromatography has proven to be extremely valuable for protein 

purification. It can be applied to isolate and purify most proteins, including antibodies, 

transport proteins, enzymes, drug-binding proteins, hormone receptor proteins, and 

neurotransmitter proteins (Boyer 1993). The method relies on the specific, yet reversible 

interaction of protein molecules binding to appropriate ligands attached to insoluble 

supports. Once a reactive functional group is attached to the column matrix, ligands 

display a specific, yet reversible binding to the desired macromolecule. The protein

specific ligands used commonly may be competitive inhibitors, substrates, antigens, 

coenzymes (Boyer 1993). Different matrices provide variation in stability, porosity and 

flow rate. The attachment of the ligand to the matrix results from activation of the 

functional groups of the matrix, and reacting the ligand with this functional group. Ligand

macromolecule complexes are thus immobilized on the column by hydrogen bonding, as 

well as ionic, and hydrophobic interactions. Any interruption of the ligand-macromolecule 

binding causes elution of the macromolecule from the column. Common elution methods 

involve changing buffer pH or ionic strength, or introducing competitors for the ligand 

(Boyer 1993) which displace the desired molecules. 

A standard method of affinity purification involves bacterial ligands such as protein 

A and protein G. These proteins have binding sites for the Fe portion (constant fraction) of 

IgG of all classes but, unfortunately, bind poorly to IgM. Several alternative affinity 
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purification methods have been used for the purification of IgM, including anti-IgM 

monoclonal antibodies coupled to sepharose beads, immobilized DNA, and immobilized 

Clq protein (DNA and Clq both have binding sites for IgM). However, these latter 

purification methods are costly, time consuming, and complex. Contamination can also 

occur with other proteins that display similar affinity for the ligands. A more effective 

ligand is the mannan-binding protein (MBP) (Koppel et al. 1994). Like Clq, MBP binds 

IgM with high affinity but, in contrast to Clq, does not bind IgG. Although immobilized 

MBP has been most widely used in purifying mouse IgM from ascites, this solid-phase · 

matrix has also been shown to bind IgM-class antibodies from a variety of species and 

sources (Nevens et al. 1992), including fish, of which rainbow trout yielded the best 

results (Wendelbom et al. 1992). 

1. 5 Objectives 

Although the presence of IgM molecules has been reported in rainbow trout eggs 

(Castillo et al. 1993), characterization, quantification, and localization of these 

immunoglobulins has not been performed in detail. Furthermore, data on the stability of 

egg IgM, and the relationship between IgM concentration in the egg and serum are not 

available. Therefore, the objectives of the present study were: 

1 . Purify rainbow trout egg IgM in order to characterize and quantify IgM 

levels in ova and eggs 

2. Characterize egg IgM by estimation of the molecular weight of whole, H 

and L chains of IgM in rainbow trout eggs and stability of the molecule 

3. Localize IgM in rainbow trout ova and eggs 

4. Determine lgM levels in both egg and serum, and establish the relationship 

between the two 
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2 MATERIALS AND METHODS 

2. 1 Source of materials 

Twenty-eight large mature female rainbow trout weighing between 3 and 4 kg body 

weight, and 3 mature male rainbow trout weighing between 1 to 1.5 kg were purchased 

from McNabb Trout Hatchery, a disease-free certified fish farm (Saskatoon, SK). Trout 

eggs and sera were also obtained from Fort Qu' Appelle Fish Culture Station, near Regina, 

SK. Fish were anesthetized in a 1: 10000 solution of MS222 (Syndel Laboratories, 

Vancouver, BC) prior to handling for egg or serum collection and were sacrificed by 

decapitation following tissue collection. Blood was collected by caudal vein puncture using 

Vacutainer blood collection tubes (Becton Dickinson, Rutherford, NJ). For serum 

preparation, blood filled tubes were allowed to stand at room temperature for one hour and 

stored at 4 °C overnight, and then separated by centrifugation ( 1 ,200 rpm for 15 min.) using 

a benchtop centrifuge (model HN, International Equipment Co., Needham Heights, MA). 

The supernatant serum was stored in 1 ml aliquots at -28°C until use. For plasma 

preparation, EDT A coated V acutainer tubes were used. Blood containing tubes were 

placed at 4 oc until separation by centrifugation and processing as indicated above for serum 

preparation. 

2. 2 Preparation of ovum and egg extracts 

For purification and characterization, fertilized and unfertilized trout eggs were 

placed at 4 oc for immediate use or stored at -80°C for future use. Ovaries at various stages 

were collected and sorted by ovum diameter into 4 sized groups: group 1, mean egg 

diameter 1 mm (range from ~1 to 1.5 mm), group 2, mean egg diameter 2 mm (range from 
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1.6 to 2.5 mm), group 3, mean egg diameter 3 mm (range from 2.6 to 3.5 mm) and group 

4, mean egg diameter 4 mm (range from 3.6 to ::::4 mm). Approximately 5 ml packed 

volumes, obtained from the mid portion of each individual ovary, were rinsed several times 

with phosphate buffered saline (PBS, pH 7.2) prior to preparation of extracts. Crude 

pooled eggs (approximately 200 eggs per individual fish) or ovum extracts (5 ml) were 

prepared by homogenization using a hand held glass homogenizer (Pyrex, England). The 

homogenates were centrifuged for 15 min. The upper yellow fatty layer and the pellet were 

discarded and only the clear fluid in the middle was collected. These egg and ovum 

extracts were either aliquoted into 100 J..Lllvial and stored at -80°C or used immediately. 

Egg extracts were also prepared from individual unfertilized or fertilized eggs for 

IgM quantification and characterization within single eggs. Each of 120 single mature eggs 

from five different fish was individually placed in 500 J.Ll eppendorf tubes and centrifuged 

for 5 min. The clear fluid in each egg was aspirated using a 1 cc syringe fitted with a fine 

250 5Jg" needle. Approximately 35 J.Ll of egg extract was obtained per egg which was 

stored in individual vials at -80°C. 

2. 3 Purification of rainbow trout lgM 

Two simple protocols based on either affinity chromatography or volume exclusion 

mechanism were used to purify IgM from trout samples. A prepacked and ready-to-use 

ImmunoPure® IgM Purification Kit (Pierce, Rockford, IL) based on mannan-binding 

protein (MBP) affinity chromatography (Nevens et al. 1992) was used to purify either 

serum or egg IgM (according to manufacturer's instructions, see Appendix 1). Briefly, 2 

ml of 1:3 egg extracts or 2 ml of 1:1 trout serum diluted in binding buffer (lOmM tris, 

1.25M sodium chloride, 20mM calcium chloride, 0.02% sodium azide; pH 7 .4; Pierce, 

Rockford, IL) were applied to the columns at 4°C for 30 min. Unbound proteins were 
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washed from the column with binding buffer ( 42 ml, 4 °C) and the column was incubated at 

room temperature overnight with 3 ml of the elution buffer ( 1 OmM tris, 1.25M sodium 

chloride, 0.02% sodium azide, 2mM EDTA, pH 7 .4; Pierce, Rockford, IL). Bound IgM 

was eluted with 42 ml of elution buffer, and collected in 3 ml fractions. Protein containing 

fractions were monitored by spectrophotometric measurement of absorbance at 280 nm and 

positive fractions (Absorbance>0.1) were pooled and dialyzed (48 hat 4°C) in distilled 

water, using dialysis tubing (molecular weight cut-off, 12,000-14,000 daltons; Spectrum 

Medical Industries, Inc. Los Angeles, CA). These were then aliquoted in 1 ml fractions, 

and lyophilized (6 h by Speed Vac; model RH 40-11, Savant Instruments Inc., 

Farmingdale, NY) at a low drying rate. All the samples were stored at -80°C until use. 

Purity of the preparations was evaluated by SDS-P AGE and immunoreactivity in Western 

blots. 

Gamma Yolk ™ liquid linear polymer reagent kit (Pharmacia Biotech, Baie Durfe, 

PQ) was also used to purify immunoglobulins from both egg extracts and serum. This 

polymer reagent reacts with immunoglobulins independent of species, subclass, or 

isoelectric point (Blizzard and Garramone 1995), and selectively precipitates 

immunoglobulins by volume exclusion. The detailed protocol is outlined in Appendix 2. 

Briefly, 1 ml of sample (either egg extracts or serum) was solubilized with 0.5 ml of PBS 

(pH 7.2) at room temperature. It was then vortexed and 0.15 ml of separation reagent I 

was added. After centrifugation (2,000 x g for 30 min. at 4 °C), the supernatant was 

collected, and 1 ml of buffer solution II was added to 1 ml of the supernatant. Following 

incubation (room temperature for 15 min.), 2 ml of separation reagent I were added to the 

supernatant. After another 15 min. incubation, the sample was centrifuged (2,000 x g for 

30 min. at 4°C), the supernatant decanted, and the semi-final precipitate resuspended in 1 

ml of distilled and deionized water. Samples were reincubated (room temperature for 15 

min.), 1 ml of separation reagent lli added, incubated again ( 15 min.) and centrifuged 
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(2,000 X g for 30 min. at 4 °C). The final precipitate was suspended in 1 ml of buffer (0.1 

M carbonate/bicarbonate buffer, pH 9.5). The purified samples were dialyzed (against 

distilled water, 48 h, 4°C) then aliquoted in 1 ml per vial, they were then dried and stored at 

-80°C until use. 

2. 4 Antibodies and controls 

Monoclonal mouse anti-rainbow trout serum IgM H chain (Heavy chain specific) 

( 4 D 11, 3B 10 and 1 G7) and L chain (Light chain specific) (2A 1, 2H9 and 3E4) antibodies, 

affinity purified from mouse ascites, were kindly provided by Dr. J. Dominguez 

(Departamento de Sanidad Animal, INIA, Embajadores 68,28012 Madrid, Spain). They 

were placed in 100 J.tl aliquots at -80°C immediately after arrival. Affinity-purified 

polyclonal goat anti-trout immunoglobulin antisera with or without peroxidase label were 

purchased from Kirkegaard & Perry Laboratories (KPL, Gaithersburg, MD). These were 

broadly reactive to trout Ig. Affinity purified, peroxidase conjugated, rabbit anti-goat IgG 

(whole molecule) antibodies; peroxidase conjugated, goat anti-rabbit IgG (whole molecule) 

antibodies; and peroxidase conjugated, rabbit anti-mouse IgG (whole molecule) antibodies; 

as well as peroxidase-labeled, affinity purified goat anti-human IgM (J.t chain specific) 

antibodies were purchased (Sigma Chemical Co, StLouis, MO). 

Antisera against male rainbow trout serum IgM and egg lgM were raised by the 

Animal Care Unit, WCVM, University of Saskatchewan, using established standard 

protocols. Briefly, two New Zealand white rabbits were immunized intramuscularly (IM) 

in the quadriceps (anterior thigh) muscles with 500 J.tl of a solution containing either serum 

IgM ( 144 J.tg) purified by MBP or egg IgM ( 168 J.tg) purified by Gamma-yolk procedure, 

in 250 J.tl of distilled and de-ionized water and 250 J.tl of Freund's complete adjuvant. The 

first booster immunization was given 21 days after primary immunization and was 
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accomplished by injecting the same quantity of antigen suspended in incomplete Freund's 

adjuvant (125 J.!l : 125 J.!l) subcutaneously (SC) into the dorsal inter-scapular region. A 

second booster immunization was given 14 days later. Thirty milliliters of blood (used as 

pre-immune sera) was collected 3 days before the primary immunization, and 10 ml of 

blood was collected just prior to each booster immunization. For immune sera, 10 ml of 

blood was collected on days 10 and 14, after the secondary boost, and the rabbits were 

anesthetized, bled-out and euthanized on day 17. The resultant antisera were prepared in 

the same manner as the trout serum indicated in section 2.1. 

Control materials included sera from various species, purified immunoglobulins 

from mammalian species and irrelevant antisera to proteins such as fibronectin and 

vitellogenin. Atlantic salmon serum was purchased from Aurora Biologicals (Seattle, 

W A), chum salmon vitellogenin and anti-chum salmon vitellogenin (E 1) were kindly 

provided by Dr. Craig Sullivan (Department of Zoology, North Carolina State University, 

Raleigh, NC). Purified rabbit, bovine, and rat IgM were kind gifts of Dr. Henry Tabel 

(Department of Veterinary Microbiology, University of Saskatchewan). Human and 

bovine fibronectin, and respective rabbit antisera, human IgM and IgG, bovine IgM and 

IgG, normal rabbit serum, normal goat serum, and control mouse ascites fluid were 

purchased from Sigma (St. Louis, MO). Trout fibronectin was provided by Dr. Lee as 

reported by Lee and Bois ( 1991 ). 

2. 5 Electrophoresis and immunoblotting 

Gel electrophoresis of denatured proteins were performed using a Mini-Protean II 

Cell (Bio-Rad Laboratories, Richmond, CA), according to manufacturer's instructions with 

slight modifications (See Appendix 3). Electrophoresis under reducing conditions was 

carried out using several resolving gels (acrylamide percentages 5-12%) and 4% stacking 
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gels. Electrophoresis under non-reducing conditions was conducted with resolving gels 

with acrylamide ranging from 3 to 12%. Appropriately diluted samples (protein content 

ranging from 0.1 to 1 f.lg/f.ll) were mixed with a buffer containing 2-mercaptoethanol or 

mixed with a non-reducing buffer prior to electrophoresis. The samples ( 10 f.ll) were 

loaded into 10- or 15-well gels. Following electrophoresis, the gels were stained with 

Coomassie brilliant blue R250 (Bio-Rad Laboratories, Richmond, CA), or further 

processed for Western blot staining. Pre-stained molecular weight markers (listed in 

Appendix 4, purchased from Bio-Rad Laboratories, Richmond, CA) covered a broad range 

(7,500 Da to 203,000 Da). Colored, Kaleidoscope pre-stained standards (7,100 Da to 

208,000 Da) also facilitated in the estimation of molecular weights. 

The molecular weights of the standards varied slightly from lot to lot, and for the 

determination of unknown molecular weights, standard curves were plotted for each gel. 

Relative mobility (Rf) fractions were calculated by dividing the distance traveled by the 

sample by the distance traveled by the tracking dye. Rf values for the molecular weight 

standards were plotted using semi-log paper, and the molecular weight of unknowns were 

calculated from their Rf values, and interpolating fro~ the standard curves. 

For Western blot analysis (Appendix 8), gels were first equilibrated with transfer 

buffer (TB, see Appendix 9 for formulation) and the previously separated proteins blotted 

onto either nitrocellulose (NTC) membrane (Bio-Rad Laboratories, Richmond, CA), or 

Hybond™-N (Amersham, Oakville, ON) hybridization transfer membranes (for 3% gel 

only) using a Mini Protean II trans-blot apparatus (Bio-Rad Laboratories, Richmond, CA). 

A constant current (150 rnA and 100V for 1 h) was applied (with a cooling pack). After 

transfer, the membranes were washed with tris-buffered saline (TBS), immersed in 3% 

non-fat dry milk, and incubated (room temperature for 60 min.) to block non-specific 

binding. The membranes were then incubated with primary antibodies or appropriate 
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control sera at suitable dilutions (P Ab 1: 1 000; MAb 1 :200) in antibody buffer overnight, 

washed in tween-TBS, and appropriate secondary antibodies conjugated with horse radish 

peroxidase (HRP) were added (1:1000 dilution). Following incubation (room temperature 

for 1 h with shaking) and washing as previously indicated, bound antibodies were detected 

as bands on the membrane using a HRP color development kit (containing 4-Chloro

naphtol, Bio-Rad Laboratories, Richmond, CA) used according to manufacturer's 

instructions. 

2. 6 Protein Assays 

Protein concentrations in all samples were measured by the bicinchoninic acid 

(BCA) method using a protein assay reagent kit (Pierce, Rockford, IL) according to the 

manufacturer's suggested protocols. Briefly, fifty parts reagent A and one part reagent B 

were combined and mixed well. Bovine serum albumin (BSA; Pierce, Rockford, IL) was 

used as the standard protein (diluted in the range of 10-2000 f.lg/ml). Then 20 f.ll of each 

standard, blank, or diluted unknown samples were pipetted into the appropriate microtiter 

plate wells (Coming Glass Works, Coming, NY), followed by the addition of the 

previously-mixed working reagent (200 f.ll) to each well. Appropriately diluted samples 

were mixed (30 sec.) then covered, incubated (37°C for 30 min.), and the absorbance was 

read at 595 nm in a microplate spectrophotometer (Bio-Rad Laboratories, Richmond, CA). 

Standard curves were prepared by plotting the net absorbance versus protein concentration, 

and the unknown concentrations (samples) determined from the standard curves. 

2. 7 Stability test 

The stability or shelf life of rainbow trout IgM molecules in both egg and plasma 

was tested by SDS-PAGE, silver staining and western blot techniques. Samples tested 
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were from unfertilized eggs of the same batch, with the corresponding maternal plasma. 

Samples previously stored at -80°C were thawed and kept at 4 oc for 0 to 10 days, with 

sampling at two day intervals. These were resolved on a 10% SDS-PAGE under non

reducing and reducing conditions. Gels were run in duplicate, and subjected to western 

blotting and silver staining. Silver staining was performed using a Bio-Rad silver staining 

kit following manufacturer's instructions (Appendix 10). Formulations for the solutions 

used for this procedure are listed in Appendix 11. 

2. 8 Immunohistochemistry 

Rainbow trout eggs, ovaries, spleen (positive tissue control), and pig ovaries 

(negative tissue control) were embedded in Tissue-Tek OCT compound (Miles Inc., 

Elkhart, IN) and frozen at -80°C. Sections ( 10 J.lm thickness) were cut using a cryostat 

(model CTl, International Equipment Co.), and placed on microscope glass slides that had 

been previously cleaned ( 1% HCL in 70% ethanol) and coated ( 1: 10 solution of 0.1% 

poly-L-lysine (w/v) in distilled and deionized water). These coated slides were maintained 

at -15°C. The sections were dried, stored at -80°C, and stained. The procedures were 

adapted from Dr. D. Haines (Department of Veterinary Microbiology, University of 

Saskatchewan), and are listed in Appendix 12, including A: cryostat section preparation 

and B: staining of frozen sections. Antibodies used were either diluted ( 1 :200) rabbit anti

male rainbow trout serum IgM (L-16), polyclonal anti-trout Ig (Kirkegaard & Perry 

Laboratories, Gaithersburg, MD) or monoclonal antibodies (4Dll, 3B10, 1G7 or 3E4), 

normal rabbit, goat or mouse serum, with respective HRP-labeled secondary antibodies 

(1:500 dilution). Briefly, the sections were fixed by immersing in acetone (4 min.), 

washed 5 times in 0.0 1M PBS (pH 7.4 ), and non-specific antibody binding sites blocked 

with 200 J.ll PBS containing 4% normal serum from the same species as that used to 

produce the secondary antibodies in a humidified chamber (20 min.). The slides were then 
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flooded with primary antibodies (1 :200) diluted with blocking solution, and incubated 

(room temperature for 2 h) in a humidified chamber. After 3 washes (2 min. each), the 

slides were immersed in a solution containing 100 ml methanol, 0.5% H202 and 0.1% 

sodium azide for 10 min. at room temperature to inactivate endogenous peroxidases in the 

tissue sections. The slides were again washed 3 times, flooded with peroxidase-labeled 

secondary antibodies (1:500 dilution) and incubated at room temperature (45 min.) in a 

humidified chamber. After washing, the chromogen was developed (5 min. at room 

temperature) by immersing the slides in a freshly-made solution of lmg/ml 3,3-

diaminobenzidine (DAB; Sigma Chemical Co, StLouis, MO) in TBS, (0.05M, pH 7.6) 

containing 2 J..Ll of H202 (5%) in PBS. The reaction was stopped by removing the excess 

chromogen followed by washing the slides (distilled water). The slides were then counter

stained using Harris hematoxylin and mounted with DPX (BDH, Toronto, ON). 

2. 9 Quantification of rainbow trout lgM by sandwich ELISA 

The quantification of IgM in rainbow trout serum and egg, the comparison of IgM 

levels in extracts of different sized ova and the assess~ent of relationship of IgM 

concentration between rainbow trout ova and sera of mother fish were conducted by an 

antigen-capture enzyme linked immunosorbent assay (ELISA). The detailed protocols are 

listed in Appendix 13. Briefly, sterile 96-well disposable flat bottom microtiter plates 

(lmmulon 4, Dynex Technologies, Chantilly, VA) were coated (100 J..Ll per well) with 

capture antibodies (polyclonal goat anti -trout Ig, 1: 1 00) diluted in coating buffer (0.1 M 

carbonate/bicarbonate, pH 9.5), and incubated overnight at 4°C. The plates were then 

washed twice with washing buffer (distilled and deionized water containing 0.05% Tween-

20) and incubated (2 h at room temperature) with blocking buffer (200 J..Ll per well; 0.0 1M 

PBS containing 0.02% Tween-20 and 1% BSA) to block the residual protein binding sites. 

After 3 washes, 100 J..Ll each of standards and samples diluted in dilution buffer (O.OlM 
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PBS contained 0.02% Tween-20 and 0.02% BSA) were added to duplicate wells, and 

incubated overnight at 4 °C. After a further 4 washes,.the plates were incubated (room 

temperature for 2 h) with diluted detector antibodies (100 fll of 1:100 monoclonal4D11). 

The plates were washed a further 6 times and incubated (1 h) with HRP-labeled rabbit anti

mouse IgG antibodies ( 100 fll per well at 1: 1000 dilution; Sigma Chemical Co, St. Louis, 

MO). The plates were again washed 8 times in washing buffer, followed by the addition of 

ABTS peroxidase substrate (100 fll; KPL, Gaithersburg, MD) to each well. Color 

development was stopped after 20 min. by adding 100 fll of 1% SDS in each well. The· 

optical density of the color change was determined by a micropiate spectrophotometer (Bio

Rad Laboratories, Richmond, CA) at 405 nm. 

2 .1 0 Experimental design and statistical analysis 

2.10.1 Comparison of IgM concentration in ova of different sizes 

Ovum extracts from each female rainbow trout (prepared as indicated in section 2.2) 

were tested using ELISA as described in section 2.9. The data obtained was not normally 

distributed, therefore, the Kruskal-Wallis one way analysis of variance test was chosen to 

compare the IgM concentrations in these ova of different sizes. At p values< 0.05, the 

IgM concentrations in the different size-groups were considered different. To determine 

which specific medians were significantly different from one another, a series of Rank Sum 

(Mann-Whitney) tests were performed to compare the sample pairs. Statistics were 

calculated using Statistix v.4.1 (Analytical Software, Tallahassee, FL. 1994). 
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2.1 0.2 Relationship between ova and sera of mother fish in IgM concentration 

Eighteen pairs of samples were obtained from 18 randomly caught female rainbow 

trout. Each pair consisted of ovum or egg extracts and its corresponding mother fish 

serum. The data obtained were analyzed using Spearman Rank Correlation test. By 

looking at the correlation between the two continuous variables of serum and egg IgM 

concentrations, the relationship between the two was examined. A correlation coefficient 

was then calculated. If the resulting statistic yielded a p value less than 0.05, then ova and 

serum IgM were considered significantly correlated. Statistics were calculated using 

Statistix v.4.1 (Analytical Software, Tallahassee, FL. 1994). 
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3 RESULTS 

3.1 Detection of lgM in rainbow trout serum and egg extract 

Preliminary screening with various antibodies was performed to immunodetect 

IgM-like molecules in tissues of rainbow trout. Crude tissue samples tested included 

several batches of trout serum and egg extracts, serum from Atlantic salmon, and 

appropriate reference samples (purified human, rabbit, bovine and rat IgM, as well as 

human and bovine IgG preparations). Antibodies tested (commercially purchased) 

included affinity-purified polyclonal goat anti-trout Ig, rabbit and goat anti-human IgM, 

rabbit anti-bovine IgM, and rabbit anti-human IgG. Six of fourteen monoclonal antibodies 

against trout immunoglobulins reported by Sanchez et al. (1993) were tested. These were 

against trout H ( 4 D 11, 3B 10, 1 G7) and L (2H9, 2A 1, 3E4) chains of IgM. Samples and 

reference protein preparations, along with molecular weight standards, were separated by 

SDS-PAGE, and immuno-probed after transfer onto NTC with the various antibodies. 

Reference proteins were tested concurrently with the trout samples under reducing and non

reducing conditions to discern the molecular weights of whole and subunit IgM molecules. 

Figure 2a shows a representative 12% SDS-PAGE stained with Coomassie brilliant 

blue, depicting the protein profile of crude trout egg extracts (lanes 2, 6) and serum (lanes 

3, 7) under reducing (lanes 2 to 5) and non reducing (lanes 6 to 9) conditions. Lanes 4, 8 

and 5, 9 show the protein profile of human and rabbit IgM respectively. The bands in the 

reduced samples indicate the position of the mammalian IgM H and L chains to be around 

70 and 30 kD respectively (lanes 8, 9), whereas under non-reducing conditions, the whole 

molecules remained in the stacking gel because of their great molecular weight (lanes 4, 5). 

Note few bands in the crude egg extracts in comparison to the protein profile of serum, and 

the differing band positions under the two conditions. When an identical gel was 
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transferred to NTC and immuno-probed with an HRP-labeled affinity purified polyclonal 

anti-trout Ig (Fig.2b ), the position of the IgM H and L chains were discerned under 

reducing conditions for the egg and serum samples (lanes 6, 7). Although the molecular 

weights of the main H and L chains did not appear to differ (87 and 24 kD), the isotypes of 

each differed between the egg and serum IgM, indicating slight differences between the two 

IgM' s. The whole IgM molecules also differ in molecular weight. Whereas 

immunoreactive serum IgM remained in the stacking gel (lane 3), the molecular weight of 

egg IgM (lane 2) was lower, at approximately 216 kD. The lack of immunoreactivity in 

lanes 4, 5 and 8, 9 indicated a lack of cross-reactivity between mammalian and trout IgM. 

However, the specificity of the polyclonal antibodies to trout IgM was questionable, 

because several bands were noted in the non-reducing lanes, and also because of the 

intensity of the H chain in the egg IgM. This prompted the purification and development of 

specific anti-trout egg IgM and anti-male serum IgM to avoid cross reactivity with 

vitellogenin, a major protein in eggs, which is present in female but not male serum. 

Identical blots probed with goat serum or with an irrelevant sera, eg. goat-anti 

human fibronectin gave no staining after similar processing (data not shown). Immuno

probing with antibodies directed at mammalian IgM or IgG gave also negative results for 

the trout samples, indicating no similarity among these molecules. However, when 

Atlantic salmon serum was immuno-probed with anti-trout Ig, cross reactivity was 

observed (data not shown), reflecting close phylogenetic specificity between salmon and 

trout Ig. Immuno-probing with monoclonal antibodies directed against the H or L chain of 

trout serum IgM gave positive results with trout serum samples, but only some cross 

reacted with the egg samples, indicating slight differences between the egg and serum Ig. 

Among the monoclonals, 4Dll gave the best reaction (Fig.3). 
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Figure 2. Protein profile and lgM immunoblot of rainbow trout 
serum and egg extracts. (a) 12% SDS-PAGE protein pattern after 
Coomassie brilliant blue staining. Unreduced samples were loaded in lanes 
2 to 5 while reduced samples were loaded in lanes 6 to 9. Lane 1 contained 
molecular weight standards (in kD) indicated by numbers on left hand side. Lanes 
2 & 6, egg extracts (1:4000); lanes 3 & 7, serum (1:50); lanes 4 & 8, human IgM 
(1:10); and lanes 5 & 9, rabbit IgM (1:10). (b) Western Blot of rainbow 
trout egg extract and serum IgM detected with peroxidase labeled 
polyclonal goat anti-trout Ig. Proteins separated in 12% SDS-PAGE were 
transferred to NTC and immuno-probed with HRP-labeled polyclonal goat anti
trout Ig antibodies at 1: 1000. Lane numbers and their corresponding samples 
loaded were identical to that in (a). 
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A representative western blot probed with 4D11 is presented in Fig.3. Control 

blots probed with mouse sera gave negative results (data not shown). Distinct immuno

reaction was observed with the H chain of serum IgM (lane 9), only a slight reaction was 

observed with the MBP-purified egg IgM (lane 7), and no reaction was observed with 

crude egg extract (lane 8). Tllis indicated the low levels of IgM in crude egg extracts and/or 

the presence of non-reactive proteins at around 87 kD that might require to be removed 

from crude egg extracts before detection with the monoclonal. Trout IgM whole molecules 

could also be detected with this monoclonal when samples were run under non-reducing 

conditions (lanes 2 to 4 ). Dark immunoreaction can be seen even in the stacking gel on 

lane 2, indicating the heavy molecular weight of serum IgM, whereas egg lgM (at 220 kD) 

appears as a monomer. Human IgM (lanes 1 & 10) did not cross react with 4D11. 

3 . 2 Protein content of trout egg and serum samples 

Protein content in individual eggs from different batches was determined to be 59.9 

± 5.7 mg/ml (n=36), compared to 36.7 ± 12.7 mg/ml for serum (n=19). The presence of 

abundant proteins in egg extracts that run at similar molecular weights necessitated diluting 

of the crude extracts to determine best western blotting analysis conditions for IgM. Crude 

extracts were diluted (1:1000 to 1:10000), analyzed by SDS-PAGE, and immuno-probed 

with polyclonal anti-trout Ig (Fig.4). Hand L chain bands (87 & 24 kD) could be 

discerned at dilutions as low as 1: 10000, but the appearance of a low molecular weight L 

chain (around 21 kD) was only apparent at~ 1:4000 dilution (lane 3). This dilution was 

adopted as optimal for subsequent studies. 
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Figure 3. Western blot of rainbow trout egg extracts and serum lgM 
detected with monoclonal anti-trout IgM heavy chain 4Dll. Proteins 
separated in 12% SDS-PAGE were stained with monoclonal antibody 4D11 at 1:200 and 
peroxidase-labeled anti-mouse IgG at 1:500. Unreduced samples were loaded in lanes 1 
to 5 and corresponding reduced samples in lanes 6 to 10. Lanes 1 & 10, human IgM; 
2&9, non-purified rainbow trout serum; 3&8, egg extract; 4&7, MBP-purified egg 
extracts; and lane 5 & 6, molecular weight standards. Arrows indicate approximate 
molecular weight of trout IgM H chain: 87 kD and molecular weight of monomeric 
molecule in egg extract, 220 kD. This is a representative blot from 17 trials. 
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Figure 4: Western blot of trout egg extracts at different dilutions tested 
with polyclonal goat anti-trout Ig antibodies. Ten J.Ll of rainbow trout egg 
extracts diluted from 1:1000 to 1:10000 were loaded in a 12% SDS-PAGE under reducing 
conditions, and probed with polyclonal goat anti-trout Ig antibodies. Lanes 1 to 6 
contained egg extracts at the following dilution: 1:1000, 1:2000, 1:4000, 1:6000, 1:8000, 
and 1: 10000. H and L indicate the molecular weight positions corresponding to H chain 
(87 kD), and L chains (24 & 21 kD), respectively. This is a representative blot from 3 
separate runs. 
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3. 3 Purification of trout egg and serum lgM 

Protein yield following MBP affinity chromatography was less than that obtained 

using selective salt precipitation with Gamma Yolk purification for both egg ( 1% and 8%) 

and serum (3% and 28%) from total proteins loaded. Eluates from MBP for both serum 

and egg gave distinct bands (Fig.Sa, lanes 2 & 3) that immunoreacted with polyclonal anti

trout Ig (Fig.Sb). These eluates were highly purified compared to eluates from gamma 

yolk or from unpurified samples (Fig. Sa, lanes 4,5 & 6, 7), as reflected by the many more 

bands than obtained with MBP-purified samples. The polyclonal antisera appeared not to 

be very specific for the serum IgM (Fig.Sb ), as many bands were visible in the serum 

sample that could not be accounted to IgM degradation products. Thus immuno-probing 

with other anti-trout serum protein was devised. Immuno-probing with anti-chum salmon 

vitellogenin detected a single band at 200 kD in serum samples and at 17 kD in egg extracts 

(Fig.6a), which were not detected with the poly clonal anti-trout Ig (Fig.6b ). Serum protein 

contaminants other than vitellogenin and IgM were apparently detected by this antibody. 

Consequently, new antisera was raised for the purified IgM preparations. Standard 

protocols for antibody production from rabbits were followed and two antisera were 

obtained. Gamma yolk purified egg IgM was used for one and MBP-purified male serum 

IgM was used for the other. These were identified as L-15 and L-16 respectively. 

Immunoprobing with these antisera (Fig. 7) revealed several bands on crude egg and serum 

samples, which indicated that purification by either gamma yolk or MBP were 

unsatisfactory and other contaminating proteins were present in the purified antigens 

injected to the rabbits, despite the purer appearance seen in SDS-PAGE, especially for 

MBP (Fig. Sa, lanes 2 and 3). Thus, isolation was achieved using these two protocols, 

however purification will require further steps. 
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Figure 5. Protein profile and immunoblots of rainbow trout serum and 
egg extracts after MBP and Gamma yolk purification. a) Protein pattern 
after SDS-PAGE and Coomassie blue staining. Crude and purified proteins 
were separated in a 12% SDS-PAGE under reducing conditions. Lane 1, molecular 
weight standards with corresponding molecular weights in kD indicated on the left. 
Lanes 2 & 3, MBP-purified rainbow trout egg and serum IgM respectively. Lanes 4 & 
5, gamma yolk purified rainbow trout egg and serum IgM respectively. Lanes 6 & 7, 
unpurified rainbow trout egg and serum samples. b) Western blot of MBP and 
Gamma yolk purified egg extracts and serum IgM with peroxidase labeled 
polyclonal goat anti-trout lg antibody. Proteins separated as above were 
transferred onto NTC, and probed with 1:1000 HRP-labeled poly clonal goat anti-trout Ig 
antibodies. Lane numbers correspond with samples loaded in above gel. 
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Figure 6. Western blots of crude and purified trout egg extracts and 
serum probed with rabbit anti-chum salmon vitellogenin (El) and goat 
anti-trout lg antibodies. a) Western blot of egg and serum vitellogenin. 
Proteins separated in 12% SDS-PAGE were immuno-blotted with polyclonal rabbit anti
chum salmon vitellogenin at 1: 10000. Horse radish peroxidase labeled goat anti-rabbit 
IgG antibody at 1 :500 was used as the secondary antibody. Lane 1: pre stained molecular 
weight standards with corresponding molecular weights in kD indicated on the left. Lane 
2: empty lane. Lane 3: Purified rainbow trout vitellogenin (1:8). Lane 4: MBP-purified 
rainbow trout egg extract (1:2). Lanes 5 to 7: three separate unpurified trout egg extracts 
(1 :4000). Lane 8: gamma yolk purified egg extract (1 :8). Lane 9: male rainbow trout 
serum (1:100). Lanes 10 to 12: three separate female trout sera (1:100). Lanes 13 & 14: 
gamma yolk and MBP purified trout serum IgM respectively. b) Western blot of 
above samples but probed with polyclonal goat anti-trout lg. Proteins 
separated in 12% SDS-PAGE were immuno-blotted with 1:2000 polyclonal goat anti
trout Ig labeled with horse radish peroxidase. Lane numbers correspond with above blot. 
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Figure 7. Western blots of rainbow trout egg and serum IgM immuno
probed with rabbit antisera raised against MBP purified male trout serum 
(L-16) and Gamma yolk purified egg extract (L-15). 
a) Western blot with L-16. Proteins separated in 12% SDS-PAGE were transferred 
to NTC and immuno-blotted with polyclonal rabbit anti-male rainbow trout IgM (L-16) 
antisera at 1: 100. Horse radish peroxidase labeled goat anti-rabbit IgG antibody at 
1: 1000 was used as the secondary antibody. Lane 1, prestained molecular weight 
markers with corresponding molecular weights in kD indicated on left. Lanes 2 & 3, 
MBP-purified rainbow trout egg and serum samples. Lanes4 & 5, non-purified rainbow 
trout egg extracts and serum samples. Lane 6, non-purified Atlantic salmon serum 
(1:50). Lane 7, purified chum salmon vitelogenin. Lanes 8 to 10, control purified 
bovine IgG, human IgM and rat IgM. b) Western blot with L-15. Proteins 
separated in 12% SDS-PAGE PAGE were transferred to NTC and immuno-blotted with 
polyclonal rabbit anti-egg rainbow trout IgM (L-15) antisera at 1:100. Horse radish 
peroxidase labeled goat anti-rabbit IgG antibody at 1:1000 was used as the secondary 
antibody. Lane numbers correspond to that of blot in a). 
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3. 4 Molecular weight determination of rainbow trout lgM 

The molecular weights of whole IgM molecule, in serum and egg were analyzed by 

SDS-PAGE (3%) under non-reducing conditions, transferred onto NTC, and probed by a 

panel of antibodies against rainbow trout serum IgM. The molecular weight of the H and L 

chains of either rainbow trout serum or egg were determined using SDS-PAGE ( 12o/o, 

10%, 8% & 5%) under reducing conditions and western blot techniques. To facilitate 

molecular weight determination, a high range molecular weight marker and purified human 

IgM, human IgG, and rat IgM were included in each SDS-PAGE (3%) run in order to 

generate a standard curve. The protein bands of the MBP-purified serum samples 

estimated by this method corresponded to the same bands following transfer onto NTC, 

and probed with HRP-labeled affinity purified goat anti-trout antibodies. 

Serum eluates from the peak fraction of affinity chromatography, as well as the 

nonpurified serum samples, were tested on SDS-PAGE under reducing and non-reducing 

conditions and transferred onto NTC. Under non-reducing conditions (3% gels), serum 

samples showed five diffuse bands at approximately 882, 767, 658, 441 and 223 kD (Fig. 

8a) which, when tested by western blot analyses with polyclonal goat anti-trout IgM gave 

corresponding immunoreactive bands (Fig. 8b). The 767 band was less intense than the 

others in some gels and might represent a halfmeric dissociated tetrameric molecule. The 

four major bands corresponded to the tetrameric, trimeric, dimeric, and monomeric forms 

of IgM. With 10% or 12% SDS-PAGE, under reducing conditions, the molecular weight 

of the H chain of serum IgM was estimated to be 87 kD, although a second band at 81 kD 

was also detected in blots stained with the polyclonal antibodies. However, only the 87 kD 

was recognized by the monoclonal antibody 4D11 (Fig.3), 3B 10 and 1G7 (data not 

shown). The L chains were estimated to be 24 and 28 kD using polyclonal anti-trout Igor 

monoclonal3E4 antibody (data not shown). 
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Figure 8. Molecular weight estimation of polymeric and monomeric trout 
lgM. a) 3% SDS-PAGE of MBP purified rainbow trout serum and egg 
lgM under non-reducing conditions. Unreduced proteins separated in 3% SDS
PAGE were detected with Coomassie brilliant blue. Lane 1, molecular weight markers 
with corresponding molecular weights in kD indicated on the left. A molecular weight of 
950 kD, corresponding to human IgM is also indicated. Lane 2, empty lane. Lane 3, 
human IgM. Lanes 4&5, MBP-purified male and female rainbow trout serum IgM. This 
is a representative gel from 12 runs. 
b) Western blot of MBP purified rainbow trout serum and egg lgM 
separated under non-reducing conditions and probed with polyclonal goat 
anti-trout Ig peroxidase labeled antibody. Unreduced proteins separated in 3% 
SDS-PAGE were transferred to Hybond hybridization membrane and probed with 1:1000 
poly clonal goat anti-trout Ig HRP-labeled antibodies. Lane 1, human IgM. Lane 2, rat 
IgM. Lane 3, kaleidoscope molecular weight markers. Lanes 4 &5, MBP and Gamma 
yolk purified male trout serum IgM. Lanes 6&7, MBP and Gamma yolk purified trout 
egg IgM. Lane 8, prestained molecular weight markers. The position of the top three (in 
kD) are indicated on the right as well as the molecular weight of the heavy tetramer at 882 
kD. This is a representative blot from 12 experiment~. 
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When purified or non-purified egg extracts were analyzed on SDS-PAGE (3o/o ), a 

single 216 kD band immunoreacted with either monoclonal or polyclonal anti-trout Ig, and 

no other bands could be seen above this (Fig.8b). When resolved under reducing 

conditions using a 12% SDS-PAGE, two L chains (-24 & 21 kD) were detected with the 

polyclonal antibodies, as well as two H chains ( -87 & 81 kD). However, only the 87 kD 

band was detected with the monoclonal antibody 4D11 (Fig.3). A half-meric, 110 kD, was 

also frequently observed in the egg IgM, indicating a subtle difference in IgM between eggs 

and serum. Thus, although the molecular weights of the main H and L chains appear not to 

differ between egg and serum IgM, the subunit monomers do differ. It is apparent that the 

circulating IgM could be tetrameric, trimeric, dimeric or monomeric, whereas the egg IgM 

only occurs as a monomer, with slightly different characteristics than the serum IgM. 

3. 5 Stability of rainbow trout lgM 

The shelf-life of egg and plasma IgM was established by examining the degradation 

pattern oflgM bands (reducing and non-reducing SDS-PAGE) over a 10-day period at 4°C 

(Figs. 9 & 1 0). Whereas the egg IgM banding pattern appeared unchanged over the 10 day 

period, extra bands were seen within 2 days under reducing conditions (Fig.1 0 a&b ), and 

within 8 d under non-reducing conditions (Fig.1 0 c&d) in serum IgM. This indicates the 

continual presence of a physically intact, and thus active, stable IgM molecules within the 

eggs, unlike the more labile serum IgM. This, however, does not preclude the presence of 

active proteases that might degrade other egg proteins, as can be seen in the corresponding 

silver stained gels (Figs. 9 b&d, 10 b&d). Thus, IgM in the egg appears to be a stable 

molecule, that is available to the embryo until its own immune system begins to function. 
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Figure 9. Protein profile of rainbow trout egg IgM over 10 days. Western 
blots (a & c) probed with HRP-labeled goat-anti-trout Ig, and corresponding silver 
stained 10o/o SDS-PAGE (b & d) of rainbow trout egg extracts under reducing (a & b) 
and non-reducing ( c & d) conditions. Lanes 1 & 2, prestained molecular weight markers 
(kaleidoscope and blue) with approximate molecular weights indicated on the left in kD. 
Lanes 3 to 8, individual trout egg extracts from the same batch maintained at 4 oc for 0, 2, 
4, 6, 8 & 10 days, respectively. This represents one of 3 experiments. 
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Figure 10. Protein profile of rainbow trout serum lgM over 10 days. 
Western blots (a & c) probed with HRP-labeled goat-anti-trout Ig, and corresponding 
silver stained 10% SDS-PAGE (b & d) of rainbow trout serum under reducing (a & b) 
and non-reducing ( c & d) conditions. Lanes 1 & 2, prestained molecular weight markers 
(kaleidoscope and blue) with approximate molecular weights indicated on the left in kD. 
Lanes 3 to 8, trout serum from one individual maintained at 4 oc for 0, 2, 4, 6, 8 & 10 
days, respectively. This represents one of 3 experiments. 
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3. 6 Localization of lgM in rainbow trout eggs and ova 

Immunohistochemical staining of developing oocytes and ovulated eggs of rainbow 

trout to locate IgM showed a diffuse distribution through out the yolk, and a more distinct 

staining within the inner margin of the ovarian follicles with monoclonal 4D 11 (Fig.11) as 

well as with the various polyclonal anti-trout Ig antibodies (not shown). Oocytes from 

1mm in diameter to fully developed eggs (5 mm diameter) stained positively for IgM, 

indicating an early transfer of IgM, probably corresponding with vitellogenesis. Identical 

slides immuno-probed with mouse serum, rabbit serum, goat serum, anti-human IgM 

antisera gave negative results. Strong immunoreactivity was observed with anti

vitellogenin, whereas, the positive and negative tissue controls which were rainbow trout 

spleen sections and pig ovary sections respectively, reacted accordingly with the various 

antibodies tested (data not shown). 

44 



Figure 11. Immunohistochemical staining of lgM within developing 
oocytes of rainbow trout. Immunohistochemical staining reactions of cryostat 
sections of rainbow trout ovary with monoclonal antibody 4Dll (a) pr control mouse 
serum (b). Ten micrometer thick sections were processed for immunohistochemistry as 
outlined in section 2.8. Sections through two follicles are visible in each panel. 0, oocytes; 
ZR, zona radiata; GC, granulosa cell layer; TC, theca cell layer; CT, connective tissue 
stroma. Note brown precipitate wthin the inner margin of a 1 mm diameter egg follicle and 
diffuse staining (yellow) within the yolk (a). Note lack of staining other than the 
counterstain (blue) in panel (b) which was processed with mouse serum. Panels a & b 
show micrographs of sections taken at the same magnification of 63x. 
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3. 7 Quantification of rainbow trout lgM 

The levels of IgM within eggs were calculated by ELISA to be approximately 1.03 

± 0.25 mg/ml (or 40 J..Lg/egg; n= 15 fish, with sample sizes ranging from 2 to 8 eggs per 

batch). The intra-assay coefficient of variation (CV) was calculated to be 6% and an inter

assay CV of 24%. This indicates reasonable uniformity in distribution of IgM within 

individual eggs of a clutch, and only slight variation among different clutches. Serum IgM 

was approximately 0.11 ± 0.02 mg/ml (n=18), with a CV of 18%. These concentrations 

represented 0.2% and 2% of the total protein in serum and egg, indicating a 10 fold higher 

concentration in egg than in serum. 

The IgM present in ovum was also measured by ELISA for the 4 sized-groupes: 

size 1 (mean 1 mm diam), size 2 (mean 2 mm diam), size 3 (mean 3 mm diam) and size 4 

(mean 4 mm diam). IgM concentrations in the first 3 groups were similar (Table 1), 

however, the IgM in the group 4 was significantly lower (p<0.05) than that observed in the 

first 3 groups. 

The large variability in IgM content within individual groups prompted an effort to 

compare oocyte IgM to that of maternal serum. Pooled ovarian extracts for each sized

group analyzed in parallel to their respective maternal sera displayed a significant, positive 

correlation (r=0.8, p<0.05; n=18) (Fig.12 ). 
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Table 1. lgM concentration (mg/ml) in ova of different sizes 

Ova Groups 

Size 1 Size 2 Size 3 Size4 

Ave. 1 mm Ave. 2mm Ave. 3mm Ave.4mm 

16.5 1.5 13.2 1.3 

16.2 2.2 15.7 1.1 

19.8 9.6 8.3 2.3 

18.2 23.5 14.0 7.8 

8.2 4.9 18.1 1.9 

7.6 11.8 20.9 5.1 

Mean= 14.42 Mean= 8.92 Mean= 15.03 Mean = 3.25** 

SD= 5.21 SD= 8.22 SD= 4.34 SD= 2.66 

Collected ova from 24 female rainbow trout were divided into 4 groups according to their 
sizes (Average diameter in mm). Each group contained ova from 6 fish. Ova IgM 
concentration were evaluated using ELISA as indicated in section 2.9. The Kruskal-
W allis One Way Analysis of Variance test showed no significant differences in the levels 
of IgM in ova among sizes 1 to 3. However, the levels of IgM in size 4 were significantly 
lower (p=0.0023)** than those of sizes 1 to 3. 
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Figure 12. Correlation of lgM levels within egg extracts and 
corresponding maternal serum samples. Eighteen samples of egg extracts with 
their corresponding maternal sera were evaluated for IgM content (in mg/ml) by ELISA 
as described in section 2.9. A correlation coefficient (R) of 0.8 at p<0.05 was 
established. 
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4 DISCUSSION 

The growth of the aquaculture industry has prompted the evaluation of the immune 

system in fish to aid in the development of vaccines, and prevention of diseases. Research 

on the humoral response in several piscine species has received considerable attention. 

Numerous reports (Cossarini-Dunier 1986; Thuvander et al. 1987; Havarstein et al. 1988; 

Magnadottir 1990; Iida et al. 1991; Takemura et al. 1991; Magnadottir et al. 1992; 

Takemura 1993; Whittington 1993; Kanlis et al. 1995b; Hung et al. 1996, 1997) indicate 

that fish serum contains IgM-like molecules, and detection, purification and characterization 

of serum IgM in various fish species have been reported (Havarstein et al. 1988; Sanchez 

et al. 1989; Pilstrom & Petersson 1991; Buchmann et al. 1992; Estevez et al. 1993; 

Whittington 1993; Hayman & Lobb 1993; Smith et al. 1993; Kofod et al. 1994). IgM 

has also been reported to occur in fish eggs (Bly et al. 1986; Mor & Avtalion 1988; Fuda 

et al. 1992; Hayman & Lobb 1993; Castillo et al. 1993; Takemura 1993; Sin et al. 1994; 

Suzuki et al. 1994; Kanlis et al. 1995a & 1995b; Olsen & Press 1997), as well as in the 

eggs of avian species (Buxton 1952; Brambell et al. 1970; Rose et al. 1974; Rose & 

Orlans 1981; Losch et al. 1986; Tizard 1992). The immunoglobulin in avian egg has been 

suggested to provide protection to the developing embryo prior to development of their 

own immune system. However, neither characterization, quantification nor purification of 

egg IgM has been done in detail in rainbow trout, a model teleost fish. 

Immunoglobulin molecules are normally short-lived and are constantly synthesized 

and resorbed in order to provide protection against pathogens. Changes in plasma 

immunoglobulin levels have been used as indicators of the overall well-being of an 

organism (Wong et al. 1992; Kawahara et al. 1993; Zelikoff 1994), and are currently 

measured routinely in organisms to assess health status (Zelikoff 1994). This is difficult 

with fish, because blood collection in spawning stock is stressful, detrimental to the 
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developing gametes, and the constant antibody flux in circulation makes their detection and 

quantification questionable markers of health status. An alternative would be the 

measurement of maternal immunoglobulins in spawned eggs, which could be used as 

indicators of maternal health without the invasive procedures for procurement of serum 

samples. The present research was aimed to quantify and characterize trout egg IgM, with 

an ulterior goal of assessing their suitability as markers of health status. 

4 .1 Detection of rainbow trout IgM 

In the present studies, immunoglobulin was detected in the serum, ovum, 

unfertilized, and fertilized eggs of rainbow trout. This corroborates the findings of Castillo 

et al. (1993) with rainbow trout, and also is in agreement with findings in other fishes, 

including plaice (Bly et al. 1986), ovoviviparous guppy (Takahashi & Kawahara 1987), 

tilapia (Mor & Avtalion 1988; Takemura 1993), chum salmon (Fuda et al. 1992), channel 

catfish (Hayman & Lobb 1993), carp (Suzuki et al. 1994), red sea bream (Kanlis et al. 

1995a & 1995b), Atlantic salmon (Olsen & Press 1997), and most recently in sea bass 

(Pepin et al. 1997a & 1997b). Using a panel of 6 mop.oclonal and 3 polyclonal antibodies 

against trout IgM, bands corresponding to either the whole molecule, H or L chains of IgM 

in serum were detected in western blots from SDS-P AGE under reducing and non-reducing 

conditions. Similarly, polypeptide bands corresponding to either monomeric whole IgM 

molecule or H or L chains was also identified in rainbow trout ova and eggs. Monoclonal 

antibodies to trout IgM ( 4 D 11, 3B 10, 1 G7) detected serum and plasma IgM H chains. 

Monoclonal antibodies 4D 11 and 1 G7 had weak cross reactivity with the egg IgM H chain, 

while monoclonal antibody 3B 10 was negative, suggesting differences between serum and 

egg IgM. Monoclonal anti-trout IgM L chain specific antibodies (2H9 and 2A 1) did not 

detect either the serum or the egg IgM, and only 3E4 reacted with both the serum and egg 

IgMs. The reason why 2H9 and 2A 1 did not react with the IgM, even in the serum, was 
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not established. Polyclonal affinity purified goat anti-trout IgM and goat anti-trout IgM 

HRP-labeled antibodies detected several bands in the rainbow trout serum and egg samples 

(Fig.5d). The numbers of bands detected by these polyclonal antibodies were reduced 

when samples were tested with more specific rabbit anti-male rainbow trout lgM antisera 

(Fig.5e) which was used to avoid cross reactivity with the major protein (vitellogenin) in 

eggs. In the present study, the monoclonal antibodies and polyclonal antibodies used did 

not react with human IgM, human IgG, rat or bovine IgM, indicating lack of cross 

reactivity between mammalian and trout IgM's. 

4. 2 Purification and characterization of rainbow trout lgM 

IgM in both serum and egg extract of rainbow trout were purified by affinity 

chromatography using MBP and a selective precipitation incorporating a volume exclusion 

mechanism. One step affinity purification using MBP yielded a relatively pure IgM 

sample, as assessed by SDS-PAGE and western blot. The MBP purification has been 

widely used in purifying mouse IgM from ascites, and this solid-phase matrix has also 

been shown to bind lgM from various species and sources (Nevens et al. 1992). Among 

fish, rainbow trout has been reported to give the highest yield (Wendelborn et al. 1992). 

While gamma yolk purification method yielded relatively higher amounts of lgM, the purity 

was relatively lower, as evidenced by multiple bands on non-reducing SDS-PAGE, despite 

the fact that the gamma yolk purification kit was designed specifically for the purification of 

immunoglobulins from egg yolk by centrifugation regardless of species, subclass, or 

isoelectric point (Blizzard & Garramone 1995). Other methods, such as ammonium sulfate 

precipitation, gel filtration followed by ion exchange chromatography, and anion exchange 

chromatography on DEAE followed by gel filtration for isolating IgM were avoided, since 

these methods are tedious and less efficient (Watanabe & Suzuki 1986; Sanchez et al. 

1991 ). The immunoaffinity chromatography method was also avoided since this requires 
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monoclonal antibodies as a ligand-specific to particular antigens, and yielded less of the 

target protein. 

The molecular weight of serum IgM was established to be approximately 223 kD to 

882 kD under non-reducing conditions using SDS-PAGE and western blot. These values 

are consistent with the reported monomeric to tetrameric forms of teleost IgM. The 

molecular weight of the serum IgM has been estimated at 800-900 and 200 kD for turbot 

(Kofod et al. 1994), 821-882 for Cod (Pilstrom & Petersson 1991), 730-800 for European 

perch (Whittington 1993), 800 for Atlantic salmon (Havarstein et al. 1988), 760 for 

Atlantic salmon (Magnadottir 1990), 756 for coho salmon (Cisar & frver 1974), 700 for 

giant grouper (Clem 1971), 600 for Florida gar (Acton et al. 1971; Bradshaw et al. 1971), 

775 for rainbow trout (Estevez et al. 1993), 680 and 350 for Atlantic cod (Havarstein et al. 

1988), 780-788 for tilapine fish (Smith et al. 1993), 775 and 647 for channel catfish 

(Phillips & Ourth 1985), 775 for channel catfish (Ourth & Phillips 1986). Using fast 

protein liquid chromatography, Estevez et al. (1993) determined the molecular weight of 

whole rainbow trout IgM to be 775 kD. This was less than their expected value (872 kD) 

based on the predictions made from the molecular weights of the H (81) and L (28) chains. 

The molecular weight reported in the present study ( -882) is much closer to the value 

predicted by Estevez et al. ( 1993). In other fish species, the presence of monomeric to 

tetrameric forms of serum IgM molecules were reported (Whittington 1993; Hayman & 

Lobb 1993). Although these different forms of IgM molecules may occur in the serum, it 

is generally accepted that the predominant form is the tetramer (Smith et al. 1993; Hayman 

& Lobb 1993; Whittington 1993; Kofod et al. 1994). 

While there is an indication of tetrameric, trimeric, dimeric, and monomeric forms 

of H2L2 IgM, with a unit molecular weight of about 220 kD circulating in blood, it is 

possible that only the monomeric and tetrameric forms are actually present, while the other 
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bands represent degraded fragment(s) of the tetrameric form (Litman et al. 1971; Clem 

1971; Pilstrom & Peters son 1991). Evidence of low molecular weight Ig forms ( dimers 

and monomers) has been reported (Clem & McLean 1975; Buchman et al. 1992; 

Whittington 1993). 

The structure of trout IgM was further resolved using poly clonal anti-trout IgM 

antibodies. Two bands of 81 and 87 kD were observed for the H chain while only one 

band of 87 kD was seen with specific monoclonal antibody 4 D 11, 3B 10 and 1 G7. This 

suggested that the actual molecular size of the serum IgM H chain was 87 kD. However, 

whether the 81 kD band detected by the polyclonal antibody was due to cross-reactivity 

with another serum protein, or due to degradation is not clear. In other fish species, such 

as sheepshead (Lobb & Clem 1981a & 1981b), channel catfish (Phillips & Ourth 1985), 

and carp (Suzuki et al. 1994 ), IgM H chains of lower molecular weights have been 

reported. These observations showed that the existence of a low molecular weight H chain 

in fish may not be unusual. The molecular weight of rainbow trout serum IgM H chain, 87 

kD, is higher than previous reported 81 kD (Estevez et al. 1993) and 72 kD (Sanchez et al. 

1991). This might be related to their frequent use of ?-20% SDS-PAGE gels for molecular 

weight determination, which would reduce separation of high molecular weight proteins in 

both sample and standards, and may result in inaccurate calculation. Consistent with 

previous reports of the existence of two isotypes of L chains in the serum, two bands of 24 

and 28 kD were detected under reducing conditions, after testing with polyclonal anti-trout 

IgM antibodies and monoclonal 3E4 (data not shown). 

The trout egg protein with molecular weight of 216 kD was considered to be the 

monomeric form of IgM. Monomeric forms of egg IgM have been reported in tilapia 

(Avtalion and Mor 1992), coho salmon (Yousif et al. 1995) and sea bass (Pepin et al. 

1997a). This may be due to easier transfer from the plasma to the egg yolk for the 
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monomer than the other forms, due to size differences. A possible explanation offered by 

Kanlis et al. ( 1995b) is that molecular alteration may occur during the Ig accumulation in 

the ovary in some fish species. Moreover, Fuda et al. ( 1992) have shown that salmon 

serum IgM was converted to a lower molecular weight by an unknown mechanism during 

the process of its incorporation into egg yolk. Manning ( 1994) also reported that the low 

molecular weight versions were perhaps not simply precursor or breakdown products but 

possibly served a physiological purpose, such as increased diffusion capacity. 

Analysis of the IgM subunit by SDS-PAGE and western blotting revealed that the 

H chain of egg IgM and serum IgM were similar with the L chains being smaller (21 & 24 

kD) than that of the serum (24 & 28 kD). Previous reports indicated that the IgM from red 

sea bream (Kanlis et al. 1995b) and channel catfish (Haymann & Lobb 1993) eggs was 

composed of H and L chains with identical molecular weights as the H and L chains of the 

blood IgM in the mother fish. Types of egg IgM H chain in chum salmon (Fuda et al. 

1992), carp (Suzuki et al. 1994) and several L chain isotypes did differ with respect to 

molecular size and/or antigenic characteristics, as has also been observed for catfish (Lobb 

& Clem, 1983), channel catfish (Lobb et al. 1984), Atlantic salmon (Havarstein et al. 

1988), rainbow trout (Sanchez et al. 1989; Sanchez & Dominguez 1991 ), and perch 

(Whittington 1993). The finding that egg IgM L chains differ from those in plasma IgM 

raises the question as to whether the egg IgM is true IgM. The monoclonal antibodies used 

were considered to have sufficient affinity and specificity against the IgM H chain for 

purposes of confirmation, being raised against affinity purified rainbow trout serum IgM 

(Dr. J. Dominguez). Specificity was confirmed, since only one band was detectable in 

serum after western blotting. The polyclonal rabbit anti-male rainbow trout affinity (MBP) 

purified serum IgM antisera were also used to rule out interference with lipovitellin, which 

is a primary egg yolk protein. 
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In the present study, monoclonal antibodies (3B 10, 2A 1 & 2H9) specific to 

rainbow trout serum IgM did not react with egg extract samples. This may again reflect 

slight differences between serum and egg IgM. Mar and A vtalion ( 1990) reported that the 

activity of the egg extract (in tilapia) was specific only to the antigen which served for the 

mother immunization, and could be adsorbed only by these antigens. 

The stability test showed that egg IgM was more stable at 4 oc than serum IgM, 

remaining stable for at least 10 days. This temperature approximates the temperature of the 

environment in which rainbow trout spawn. Thus, IgM in the eggs laid at this time would 

remain stable and be able to mediate immunological functions during the fall when 

spawning activity occurs. Olsen and Press ( 1997) reported that antibody levels of fertilized 

Atlantic salmon eggs (5.4°C-7.4°C) remained stable over a period of about 50 days, and 

then gradually declined until the onset of first feeding (day 130). They did not find 

dramatic changes in Ig levels associated with the hatching of the eggs. The present study 

and those of Olsen and Press ( 1997) suggest that maternally-derived antibodies in the egg 

could remain stable over a period of days to mediate passive immunity in the developing 

fry. Pepin et al. ( 1997b) reported similar findings in the sea bass. 

4. 3 Quantification of rainbow trout lgM 

The quantification of IgM in the plasma and egg extract of rainbow trout revealed 

several findings. First, there was a 9-fold higher level of IgM in the egg extracts than in 

serum, not unlike Ig levels in chicken, where Ig levels were 7 times higher in hens' eggs 

than in sera (Losch et al. 1986; Tizard 1992). The antibody titer against specific antigens 

in hen egg yolk was found to be equal to or greater than the serum of the layer ( Bar-Joseph 

& Malkinson 1980; Piela et al. 1984 ). The present results were similar to observation that 

large amounts of IgM were present in tilapia (Mar & A vtalion 1988) and chum salmon egg 
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(Fuda et al. 1992). Sin et al. (1994) also reported that antibodies transferred from the 

mother protected fry against ichthyophthiriasis in tilapia, also supporting the concept that 

maternal antibodies transferred to the eggs contribute to the protection of fry. The serum 

IgM concentration observed in the present study (0.11 mg/ml) was similar to that observed 

in healthy Atlantic salmon (Magnadottir & Gudmundsdottir 1992), however, the present 

results were lower than other studies (see summaries from Fuda et al. 1991; and Israelsson 

et al. 1991), where IgM levels (for salmonids) as low as 2.1 mg/ml were reported in coho 

salmon serum (Voss et al. 1980), and 0.6 mg/ml in chum salmon serum (Kobayashi et al. 

1982). For rainbow trout serum IgM, Sanchez et al. (1993) reported 0.67 mg/ml for small 

(less than 20 g fish) and 9.1 mg/ml for larger(> 125g) fish, while Olesen and Jorgensen 

(1986) reported 3.3 mg/ml. These differences may due to different sources of fish, as well 

as the season when the fish samples were collected, or other environmental differences. 

The fish used in this study were from disease-free stock and non-polluted fresh water. 

Disease and immunization can increase serum IgM level in fish (Magnadottir & 

Gudmundsdottir 1992; Kanlis et al. 1995b; Anderson 1990a), while other stressors may 

cause immunosuppression (Schreck 1982; Anderson et al. 1982; Anderson et al. 1984; 

Stave & Robertson 1985; Anderson 1990a; Anderson et al. 1990). IgM levels may vary 

according to season (Cotterell1977; Russell et al. 1976; MacArthur et al. 1983; Suzuki et 

al. 1996). For example, Sanchez et al. ( 1993) observed that IgM levels decreased during 

winter, and Suzuki et al. (1996) reported that IgM levels in goldfish showed a positive 

correlation with water temperature. Sanchez et al. ( 1993) explained that their relatively 

high rainbow trout serum IgM results might have been attributed to environmentally

induced antigen stimulation. 

Reports on the concentration of IgM in the serum of fish showed a marked variation 

among various species, as well as within individuals of the same species. These 

differences may be attributed to the methods used for the determination of the Ig and total 
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protein, the source or habitat of the fish used in the studies, and the purity and type of IgM 

used for the production of antisera. Estevez et al. (1995) reported that the serum 

concentration of turbot differed whether determined using single radial immunodiffusion 

assay or ELISA. Israelsson et al. ( 1991) reported that monoclonal antibodies compared to 

polyclonal antibodies in ELISA significantly reduced the observed serum IgM 

concentration in one study. Fish from polluted ponds had significantly higher IgM levels 

than their counterparts from non-contaminated waters (Avtalion 1981). The reasons for the 

significant higher concentrations of IgM in the egg compared to the serum in both fish and 

chicken probably reflect the vulnerable state of the eggs, and the inability of the egg to 

mount any type of spontaneous response to antigen. 

Secondly, it was shown in the present study that there is a high correlation between 

IgM levels in the egg and the maternal plasma which was also reported for Atlantic salmon 

by Olsen and Press ( 1997) although their coefficient of correlation was only 0.23. This 

supports the interpretation that Ig in the eggs is derived from the circulation, and supports 

the use of IgM in the egg to assess environmental contamination and/or the immunological 

status of a vaccinated fish. Kanlis et al. ( 1995b) previously reported that high antibody 

titer in the maternal blood plasma following immunization resulted in a high titer in the 

oocytes, and in the eggs. They also found that the specific antibody titer in the oocytes, as 

well as in the fertilized eggs, was correlated with the titer of the maternal blood plasma. 

They concluded that the common features of immunity were present in the oocytes, eggs, 

and maternal blood. Specific antibodies from vaccinated mothers protected white-spotted 

char fry against furunculosis (Kawahara et al. 1993). However, the present results are not 

in accordance with the report of Lillehaug et al. ( 1996), where vaccination of Atlantic 

salmon against yersiniosis induced very high levels of specific antibodies against Yersinia 

ruckeri in the serum of vaccinated brood fish, but failed to elicit a response in eggs or fry 

where lower levels of antibodies were detected. The level was insufficient to protect the 
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offspring against yersinosis. A possible explanation for this discrepancy may relate to 

interspecies differences. Differences may also occur at the level of transfer of antibodies 

from the blood to the developing oocytes, or in the stability of the transferred antibodies in 

the eggs. 

Thirdly, there were no differences in IgM concentration (in mg/ml) among ova 

varying in size before ovulation. Following ovulation the concentration fell dramatically. 

Various explanations have been formulated to explain this decline, including proteolytic· 

degradation by enzymes, dilution due to extensive uptake of ovarian fluid, and spontaneous 

degradation during extraction (Kanlis et al. 1995b, Pepin et al. 1997b ). 

4. 4 Localization of rainbow trout egg lgM 

Egg IgM was localized using immunohistochemistry with MAb 4D11, affinity

purified polyclonal goat anti-trout Ig antibodies, and antisera specific against male rainbow 

trout IgM. Egg IgM was primarily located in the yolk and the inner margin of the ova and 

egg membrane. These findings are consistent with both the presence of IgM to provide 

protective function of the egg membrane and the maternal transfer of immunity. Similar 

findings have been reported for the eggs of Channel catfish (Hayman and Lobb, 1993) and 

for the oocytes of red sea bream (Kanlis et al. 1995a). It is conceivable that the distribution 

patterns of the antibodies in the egg reflect different functions. Hayman and Lobb (1993) 

suggested that the IgM in the external membrane may provide an immune barrier, while the 

yolk Ig may be absorbed by the fry to provide for immunity with maternal transfer while its 

own develops. However, the present data is not fully corroborated with the findings of 

Olsen and Press ( 1997) who found that Atlantic salmon IgM was most prominent at the 

inner margin of the egg membrane but not in the egg yolk. They did indicate that the 
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relatively lower sensitivity of their immunohistochemical technique may have been below 

the detection limit for IgM in the egg yolk. 

4. 5 Egg IgM as a biomarker 

The present study was undertaken to investigate the possibility of an alternative, 

non-invasive yet reliable environmental biomarker based on the IgM level in fish eggs. 

Previously, serum IgM levels were used to estimate water pollution exposure, whereby 

most pollutants non-specifically decrease IgM production to standard antigens (Anderson 

1990b; Anderson et al. 1990). These procedures are invasive, and may be harmful to the 

fish. The present finding that egg IgM was positively correlated with serum of mother fish 

supports on contention that fish egg IgM could be used as an environmental biomarker. 

However, because only samples from non-polluted fresh water were tested in this study, 

this needs to be confirmed with samples taken from polluted waters. If confirmed, then an 

alternative non-invasive and readily-available environmental (water) biomarker would have 

been found, offering the additional advantages of requiring minimal care yet allowing large 

numbers of samples to be obtained in a relatively short period of time. 
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5 CONCLUSIONS 

Through western blot and immunohistochemistry the presence of lgM -like 

molecules in the ova and eggs of disease-free rainbow trout was established. Unlike the 

serum IgM, which occur in monomeric, dimeric, trimeric, and most prevalently tetrameric 

forms, the egg extract only contained proteins comparable to the monomeric form of IgM. 

this was assessed by SDS-PAGE under non-reducing conditions, and confirmed with 

western blot. Overall, the molecular weight of serum IgM and egg IgM-like protein is 

similar, compatible with both having the same H chain. However, there appear to be two L 

chain isoforms in both the egg and serum. Further studies are needed to clarify whether the 

L chain isoforms in the egg are true or are a result of degradation during processing and 

storage. 

IgM localization study showed that the IgM-like protein was principally present in 

the ovum yolk, and in the inner margin of ovarian follicles. These findings agree with the 

hypothesized physiological and functional significance of IgM, that of protecting the 

developing fry from noxious agents. Test on shelf-life of the intact egg lgM-like protein 

indicated it was stable at 4 oc for at least 10 days. 

Under disease-free conditions, the concentration of IgM-like protein in egg is 

significantly higher than in serum. There is a positive correlation between the lgM 

concentration in serum and egg lgM -like protein. Further studies are required to assess 

whether the concentration of these.proteins in the serum and egg extract of rainbow trout 

change following exposure to polluted conditions or following immunization. If positive 

correlations are found, it would strenghten the case that the IgM-like protein is indeed lgM. 

It would also suggest that the level of IgM in the egg could be used as a biomarker to assess 

the level of environmental contamination of waters, as well as the immuno-competence of 

vaccination programs. 
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Appendix 1 

MBP purification protocol 

1) Allow the ImmunoPure MBP Column Preparation Buffer (IPPB ), ImmunoPure 
IgM Elution Buffer (IPEB), and affinity column to warm to room temperature. The 
ImmunoPure Binding Buffer (IPBB), and IgM sample need to be kept at 4°C 

2) Dilute serum 1:1 with IPBB buffer, and dilute egg extract 1:3 with IPBB 

3) Open the ImmunoPure Immobilized MBP Column by removing the top cap first 
and then the bottom cap. Allow the storage solution to drain at room temperature 

4) Pre-wash the column with 5 ml of IPPB at room temperature 

5) Place column extender on the top of the column to allow application of the IPBB 
in one aliquot and equilibrate the column with 20 ml of IPBB at 4 oc 

6) Apply diluted samples, and allow them to completely enter the gel at 4 oc 

7) Add 2 ml of IPBB to the column, and incubate at 4 oc for 30 min. 

8) After incubation, wash the column with 42 ml of the IPBB at 4 oc to remove 
unbound protein. Take approximately 5 ml fractions and monitor the wash using 
absorbance at 280 nm 

9) Remove the column from the cold, cap the bottom, and add 3 ml of the room 
temperature IPEB. Allow the column to incubate at room temperature for over 
night. Place top cap loosely over the top of the column to protect from any 
contamination from dust 

1 0) Remove top and bottom caps, and collect eluate in 14 additional 3 ml fractions 
using room temperature IPEB. Monitor the elution of IgM using absorbance 
reading at 280 nm. Pool all bound fractions with absorbencies >0.1 

11) Wash the column with 10 ml of distilled and de-ionized water followed by 10 ml 
IPBB for storage. Cap the bottom of the column, add additional 1.5 ml of IPBB to 
the column, and then cap the top. Store the column at 4 oc in an upright position 

12) Separate the pooled fraction into 3 molecular porous membrane tubes (SPECTRUM 
MEDICAL INDUSTRIES, INC., USA) in equal amounts, and dialysis with 
distilled water at 4 oc for 48 h and then pool them again. The membrane 
tubing's vollcm is 2 ml and its molecular cutoff value is 12,000- 14,000 daltons 

13) Aliquot them in 1 ml per vial, and dry about 6 h by speed vac (SAVANT, model 
RH 40-11, INSTRUMRNTS INC.) with low drying rate 

14) Store all the samples at -80°C until use 
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Appendix 2 

Gamma yolk purification protocol 

1) Solubilize 1 ml of sample (either egg extract or serum) in 0.5 ml of 1x PBS (pH 
7.2) at room temperature 

2) Add 1.5 ml diluted sample to centrifuge tube 

3) While vortexing, add 0.15 ml of Separation Reagent I to the tube 

4) Centrifuge at 2,000 g's for 30 min. at 4 oc 

5) Collect the supernatant, and record the volume 

6) Take 1 ml of the supernatant, and added 1 ml of Buffer Solution II 

7) Cover, mix well, and allow to stand at room temperature for 15 min. 

8) Add 2 ml of Separation Reagent I to the supernatant 

9) Cover, and mix well for 15 min. at room temperature 

10) Centrifuge at 2,000 g's for 30 min. at 4°C 

11) Decant the supernatant, re-suspend final precipitate in 1 ml of distilled and de
ionized water 

12) Allow to stand at room temperature for 15 min. 

13) Add 1 ml of Separation Reagent III to the re-suspended precipitate 

14) Cover, and mix well for 15 min. at room temperature 

15) Centrifuge again at 2,000 g's for 30 min. at 4°C 

16) Decant supernatant, and re-suspend final precipitate in 1 ml of 0.2 M 
carbonic/bicarbonic buffer, pH 9.5 

17) Dialyze with distilled and de-ionized water for 48 hat 4°C 

18) Dry, and then store at -80°C until required 
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Appendix 3 

SDS-PAGE protocol 

1) Dilute samples at appropriate dilutions 

2) Boil the samples in sample buffer, either reducing or non-reducing, for 4 min., and 
let them return to room temperature 

3) Make 10 ml resolving gels at appropriate concentrations, and pour onto gel 
sandwiches using a Pasteur pipette immediately 

4) Overlay gel gently with water saturated butanol to make them level 

5) Wait 1 h for gel to completely polymerize 

6) Rinse gel with distilled water 3 times 

7) Place combs (10 well, 0.75 mm thick, 4.2 ml for each side wells) 

8) Prepare the stacking gel at desired concentration, usually 4% 

· 9) Pour the stacking gel gently over separating gel using a Pasteur pipette immediately 

10) Wait at least 30 min. to polymerize 

11) Remove combs 

12) Add about 300 ml running buffer into main tank 

13) Place gel sandwiches onto running tank, and add about 100 ml of running buffer 
gently into the upper tank 

14) Load wells with protein samples 

15) Cover tank, and run at 200 v at constant voltage condition for approximately 30 
min. for 3% resolving gel and approximately 60-80 min. for 10-12% 
resolving gels until dye front run out of the gels. 

16) Remove gels from sandwich holders, rinse in water 

17a) Stain one gel for 30 min. with 200 ml of Coomassie brilliant blue 

17b) Subject another gel to western blot 

18) Destain the gel overnight with 1: 1 of fixative solution : water 

19) Rinse with water 

20) Cover the gel with BIO-RAD cellophane membrane 

21) Dry gel in BIO-RAD Model543 Gel Dryer for 2 hat 80°C 
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Appendix 4 

Prestained SDS-PAGE Standards (Broad Range) 

Protein 

Myosin 

P-galactosidase 

Bovine serum albumin 

Ovalbumin 

Carbonic anhydrase 

Soybean trypsin inhibitor 

Lysozyme 

Aprotinin 

Kaleidoscope Prestained Standards 

Protein Color 

Myosin Blue 

P-galactosidase Magenta 

Bovine serum albumin Green 

Carbonic anhydrase Violet 

Soybean trypsin inhibitor Orange 

Lysozyme Red 

Aprotinin Blue 

74 

Calibrated 

MW(daltons) 

203,000 

118,000 

86,000 

51,000 

34,000 

29,000 

19,000 

7,500 

Calibrated 

MW ( daltons) 

208,000 

144,000 

87,000 

44,000 

32,700 

17,700 

7,100 



Appendix 5 

SDS reducing sample buffer 

Distilled water 

0.5 M Tris-HCL, pH 6.8 

Glycerol 

10% SDS 

2-mercaptoethanol 

Bromphenol Blue (0.05% w/v) 

Diluted samples 1 :4 with sample buffer and boiled for 4 min. 

Distilled water 

0.5 M Tris-HCL, pH 6.8 

Glycerol 

10% SDS 

SDS non-reducing sample buffer 

Bromphenol Blue (0.05% w/v) 

Diluted samples 1 :4 with sample buffer and boiled for 4 min. 

75 

1.4 ml 

1.0 ml 

1.6 ml 

1.6 ml 

0.4 ml 

2.0ml 

Total: 8.0 ml 

1.8 ml 

1.0 ml 

1.6 ml 

1.6 ml 

2.0 ml 

Total: 8.0 ml 



Appendix 6 

Stock solutions used in SDS-PAGE 

I) 30% Acrylamide/Bis solution 
500 ml of a 30% (w/v) stock solution of Acrylamide (145g) and N,N'-Methylene
bis-acrylamide (5g) for a total monomer to cross-linker ratio of 29:1, and it is stored 
at4°C 

2) I.5 M Tris-HCL, pH 8.8 
I8.I5g Tris was added to about 75 ml distilled water first, and adjusted pH to 8.8 
with IN HCL, then was made to IOO ml with distilled water in volumetric flask, 
and stored at 4 oc 

3) 0.5 M Tris-HCL, pH 6.8 
6g Tris mixed with 60 ml distilled water, and adjusted pH to 6.8 with IN HCL, 
then made to IOO ml with distilled water, and stored at 4°C 

4) IO% SDS 
5g SDS was dissolved in 50 ml distilled water, and stored at room temperature 

5) Bromphenol Blue (0.05% w/v) 
Mixed 5mg bromphenol blue in IO ml distilled water, and stored at room 
temperature 

6) IO% Ammonium persulfate (APS) 
Dissolved I 00 mg APS in I ml distilled water just prior to preparing running gels. 

7) SDS reducing and non-reducing sample buffer are listed in appendix 2C 

8) 5x Electrode (running) buffer, pH 8.3 
Mixed I5 g Tris, 72 g Glycine and 5 g SDS with IOOO ml distilled water, and 
stored at 4°C. Prior to run mixed 80 ml of this stock solution with 320 ml distilled 
water. Poured onto tank and running reservoir 

9) Gel fixative 
Mixed 800 ml methanol, 200 ml glacial acetic acid, and I 000 ml distilled water 
together, and stored at room temperature 

1 0) Coomassie Brilliant blue stain 
Added 0.5 g Coomassie Brilliant blue R-250 to 500 ml gel fixative, filtered each 
use and stored at room temperature 

II) TEMED (N,N,N',N'-Tetra-methylethylenediamine) 
Purchased from BIO-RAD Laboratories, and stored at room temperature 
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Appendix 7 

Resolving gel formulations used in SDS-PAGE 

Ingredient 12% (ml) 10% (ml) 7.5 %(ml) 5% (ml) 3% (ml) 

Distilled water 3.350 4.050 4.850 5.700 6.360 
1.5 M Tris-HCl, pH 8.8 2.500 2.500 2.500 2.500 2.500 
10% SDS 0.100 0.100 0.100 0.100 0.100 
30% aery lamide/bis 4.000 3.300 2.500 1.650 0.990 
10% APS 0.050 0.050 0.050 0.050 0.050 
TEMED 0.005 0.005 0.005 0.005 0.005 

Total monomer 10ml 10ml 10ml 10ml 10ml 

Stacking gel formulation used in SDS-PAGE 

Ingredient 4% 

Distilled water 3.050 ml 
0.5 M Tris-HCI, pH 6.8 1.250 ml 
10% SDS 0.050 ml 
30% acrylamide/bis 0.650 ml 
10% APS 0.025 ml 
TEMED 0.005 ml 

Total monomer 5ml 

77 



Appendix 8 

Western blotting protocol 

1) Equilibrate SDS-polyacrylamide gel in transfer buffer for 15 min. 

2) Cut NTC to appropriate size 

3) Wet NTC membrane slowly in transfer buffer for 15 min. 

4) Saturate filter paper, and fiber pads with transfer buffer 

5) Fill trans-blot tank with 400 ml transfer buffer. Place a 1 inch magnetic stirring bar 
at the bottom of the tank 

6) Assemble sandwich on a tray filled with transfer buffer 

7) Place frozen cooling unit in tank 

8) Place assembled sandwich in tank, with clear panel towards clear side, and gray 
panel towards gray side 

9) Fill tank with transfer buffer to top of top row circles 

1 0) Place unit over a magnetic stirring unit, and tum on stirrer 

11) Close lid with proper electric current orientations 

12) Run unit at 100v, 150 rnA for 1 hour 

13) Immerse NTC in TBS slowly, and avoiding a~r entrapment for 20 min. 

14) Immerse NTC into blocking solution for 1 hour 

15) Remove NTC from blocking solution, rinse NTC with TBS, and then transfer the 
NTC to the box contained primary antibodies 

16) Incubate overnight in a rotary shaker 

17) Rinse NTC with TBS, and wash with Tween-20 wash and background 
reduction solution (TTBS) for 20 min. 

18) Transfer NTC to secondary antibody, and incubate for 2 hour 

19) Rinse with TBS again, and wash with TTBS for another 20 min. 

20) Pr~pare HRP color development solution. Place NTC in this solution for 3-15 
ffiln. 

21) Stop development with distilled water for at least 10 min., and then dry the NTC 
for permanent record 
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Appendix 9 

Solutions used in western blot analysis 

1) Transfer buffer (TB) 
This make in advanced TB which contains 25 mM tris, 192 mM glycine, 20% v/v 
methanol, pH 8.3 was mixed with 3.03 g tris, 14.4 g glycine, 200 ml methanol and 
plus distilled water to 1liter, and kept cold at 4°C 

2) Tris buffered saline (lx TBS) 
This 20 mM tris, 500 mM NaCl, pH 7.5 TBS was mixed with 0.484 g tris, 5.848 
g NaCl in 100 ml of distilled water and adjusted pH to 7.5 with 1 N HCL, and then 
added distilled water to a final volume of 200 ml 

3) Tween-20 wash and background reduction solution (lx TTBS) 
Mixed 20 ml of 1x TBS with 100 ml Tween-20, and gave the solution of 20 mM 
tris, 500 mM NaCl, 0.05% Tween-20, pH 7.5 

4) Blocking solution 
3% skim milk in distilled water 

5) Antibody buffer (1% BSA in TBS) 
Dissolved 0.2 g BSA in 20 ml of 1x TBS 

6) HRP color development solution 
Dissolved 0.8 g BIO-RAD HRP color development buffer (powder) in 25 ml 

distilled water, then added 5 ml of BIO-RAD HRP color reagent A and 150 J..Ll of 
BIO-RAD HRP color reagent B together 
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Appendix 10 

Silver staining protocol 
(Adapted from BIO-RAD) 

1) Destain the coomassie stained gel in 400 ml of fixative A solution 

2) Transfer the gel into 400 ml fixative B solution, and incubate for 15 min. 

3) Put the gel into another 400 ml fixative B, and incubate for another 15 min. 

4) Put the gel into 200 ml of oxidizer for 5 min., and then 

5) Put the gel into 400 ml of deionized water for 5 min. 

6) Repeat two more times of step 5 to remove the yellow color from the gel 

7) Add 200 ml of silver reagent to the gel, and incubate for 20 min. 

8) Wash the gel with 200 ml of deionized water for 1 min. 

9) Put the gel into 200 ml of developer solution for 30 sec, then 

1 0) Pour off the developer, and add 200 ml fresh developer for approximately 5 min., 
and pour off the developer 

11) Add 400 ml of 5% acetic acid (vlv) to stop the further development 

12) Change 2 more times of 5% acetic acid to make sure to stop the development 
completely 

Appendix 11 

Solutions used in silver staining techniques 

1) Fixative A: 
40% methanol/10% acetic acid (vlv) 

2) Fixative B: 
10% ethanol/5% acetic acid (vlv) 

3) Oxider: 
20 ml provided 10-fold oxidizer concentrated stock solution (potassium 
dichromate and nitric acid) I 180 ml deionized water 

4) Silver reagent: 
20 ml of provided 10-fold stock solutions (silver nitrate)/180 ml distilled and de
ionized water 

5) Developer: 
One package of provided dry chemical blend (sodium carbonate and 
paraformaldehyde) I 3.6liter of deionized water 
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Appendix 12 

Immunostaining procedures 

A. Section preparation: 

1) Clean the glass slides with 1% HCL in 70% ethanol 
2) Dilute 1:10 of0.1% poly-L-Lysine (WN) with distilled and de-ionized water and 

bring to room temperature 
3) Place clean slides in this diluted solution for 5 min. 
4) Drain slides, and dry in 37°C for 2 h 
5) Allow the coated slides to come to -15°C 
6) Cut 10 micron cryostat sections of the tissues frozen in OCT embedding media onto 

the glass slides 

B. Staining of frozen sections 

1) Immerse the sections in acetone for 4 min. 
2) Wash 5 times by dip in different container with 0.01 M PBS, pH 7.4 

3) Apply 200 J.!l of 4% normal serum in PBS to cover the section and incubate at room 
temperature for 20 min. in a covered humidified chamber to block nonspecific 
antibody binding sites. The normal serum used was from the same species as that 
used to produce the secondary antibody 

4) Flick off the blocking solution, and apply appropriate dilution ( 1 :200 for this 
research) of the primary antibodies diluted in blocking solution 

5) Incubate at room temperature in a humidified chamber for 120 min. 
6) Wash 3 times with 2 min. each time in PBS by immersion 
7) Dry around the section with a tissue being careful not to let the section dry out 

before adding the next reagent 
8) Immerse the slides in the solution of mixed with 100 ml methanol, 0.5 % H202, 

and 0.1% NaAzide 10 min. at room temperature to inactivate endogenous 
peroxidases in the tissue sections 

9) Wash 3 times with 2 min. each time in PBS by immersion 
1 0) Apply the secondary peroxidase-labeled antibodies ( 1 :500) to the sections, and 

incubate at room temperature in a humidified chamber for 45 min. 
11) Wash 3 times again, and develop the chromogen by applying a freshly made 

solution of 1mg/ml DAB in TBS (0.05M, pH 7 .6), add 2 J.!l of 5% H202 in PBS 
per ml of DAB solution just prior to use 

12) Incubate the sections for exactly 5 min. at room temperature and stop the reaction 
by flicking off the excess chromogen, and washing the slides with distilled water 
13) Immerse the slides in Herris hematoxilin for 5 min. at room temperature 
14) Immerse the slide in warm water for a few second, and immerse in 99.5% ethanol 

and 0.5 % acetic acid for a second 
15) Wash in flow warm water about 45-50°C for 10 min. 
16) Dehydrate in 70%, 95%, 100%, and 100% ethanol 
17) Allow the slides dry, and mount with DPX 
18) Mark, and store the slides 
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Appendix 13 

ELISA protocol 

1) Coat plates with 100 J..tl per well of 1: 100 diluted poly clonal anti-trout lgM 
antibodies in coating buffer, and incubate overnight at 4 oc 

2) Wash 2 times with washing buffer, and block the residual protein binding 

sites with 200 J..tl per well of blocking buffer, and incubate at room temperature for 
2h 

3) Wash 3 times, and add 100 J..tl per well of diluted standards and antigen 
samples to duplicate wells 

4) Incubate plates overnight at 4 °C, and then wash 4 times 

5) Add 100 J..tl of monoclonal mouse anti-trout IgM antibodies diluted 1:200 
in dilution buffer, and incubate for 2 h at room temperature 

6) Wash 6 times, and incubate plates for 1 hour with 100 J..tl per well of 
peroxidase-conjugated rabbit anti-mouse IgG diluted 1:1000 

7) Wash 8 times, and add 100 J..tl per well of ABTs peroxidase substrate 

8) Stop color development with 100 J..tl1% SDS 

9) · Read plates at 405 nm using microplate reader 

1) Coating buffer 

Appendix 14 

Buffers used in ELISA 

0.1M carbonate/bicarbonate, pH9.5 

2) Washing buffer 
Distilled and de-ionized water containing 0.05% Tween-20 

3) Blocking buffer 
0.1M PBS containing 1% BSA, and 0.02% Tween-20, pH7 .2 

4) Dilution buffer 
0.1M PBS containing 0.1% BSA, and 0.02% Tween 20, pH7 .2 

5) ABTS peroxidase substrate 
2.2'-azino-di[3-ethyl-benzthiazoline sulfonate (6)] at a concentration 
of 0.3 mg/ml in a glycine/citric acid buffer containing 0.01% HzOz 
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