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Fourteen monoclonal antibodies which recognise antigenic determinants on
heavy and light chains of trout immunoglobulins have heen characterised.
Experiments on immunoprecipitation and immunostaining of lymphoid cells
carried out with these monoclonal antibodies suggest the existence of antigenic
variants within trout immunoglobulin. Most of these variants seem to be iso-
types, since they were present in each of 30 sera from individual trout tested.
Analysis of the immunoprecipitates by SDS-PAGE showed two light chains of
different molecular weight. Cross reactivity patterns of these monoclonal
antibodies with sera from four species and one subspecies of salmonid indicate
a high conservation of the epitopes recognised, although four monoclonal
antibodies show a more restricted reactivity.
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I. Introduction

Previous studies on the phylogeny of immunoglobulins suggested that fish had
only one class of Ig, that resembled the mammalian 1gM (Nisonoff et al., 1975).
However, studies carried in the last 10 years have revealed the existence of a
higher structural and antigenic heterogeneity in fish Igs. Two isotypes of heavy
(H) chain have been described in elasmobranchs (Kobayashi et al., 1984,
Kobayashi & Tomonaga, 1988) and in agnatha (Hanley et a{., 1990), and the use of
monoclonal antibodies (MAbs) has permitted the definition of two isotypes of
light (L) chains and three isotypes of H chains in the channel catfish {Ictalurus
punctatus, Teleostei) (Lobb et al., 1984; Lobb & Olson, 1988).

Immunoglobulin gene organisation shows striking differences between
elasmobranchs and teleosts. Whereas the H chain genes in elasmobranchs are
arranged in a repeating multicluster pattern (Vy-D-J,-Cy), (Kokubu et al,
1989a,b), in teleosts, as in mammals, only a single genomic copy of the C; genes
is present and different V}; genes are expressed with the same C region gene
{Ghaftari & Lobb, 1989; Amemiya & Litman, 1990). Genomic analyses in catfish
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suggest the existence of, at least, two distinct C,; genes, and about 100 V; genes
distributed in five different fammlies (Ghaffari & Lobb, 1989, 1991). These V
families could account for some of the H chain isotypes defined with the M Abs.

In salmonids, only one class of serum Ig has been described, that has a tetra-
meric IgM-like structure and a molecular weight around 750 kDa. However,
using MAbs, Killie et al. (1891} have recently suggested the existence of isotypic
variants in the H chains of Atlantic salmon (Salmo salar, L.), and we have
identified two structurally and antigenically different L chains in rainbow trout
(Sanchez & Dominguez, 1991).

We have developed a panel of MAbs against trout Ig to use in the analysis of
trout humoral immune responses and as B cell markers, This paper describes the
characteristics of 14 of them. Data from molecular and cellular analyses carried
out with these MAbs suggest the existence of antigenic variants for the H and L
chains of the trout Ig.

I1. Material and Methods

FISH

Rainbow trout (Oncorfiynchus mykiss), approximately 20 cm in length were
obtained from a local fish farm. Blood was collected by caudal vein puncture.
Serum was separated by centrifugation and stored at —20° C until used.

TROUT IMMUNOGLOBULIN PURIFICATION

Trout Ig was purified by a combination of anion-exchange and gel filtration
chromatographies, as previously described (Sdanchez et al., 1989). Fractions were
assayed for Ig activity by immunodiffusion and by enzyme linked immuno-
absorbant assay (ELISA) using sheep anti-trout Tg polyclonal antibodies
(Seromed, Germany). Purity wastested by SDS-PAGE underreducing conditions
(Laemmli, 1970).

ISOLATION OF IMMUNOGLOBULIN HEAVY (H) AND LIGHT (L) CHAINS

One milligram of trout 1g in 0-5 ml of 0-55 m Tris—-HCI pH 81, was reduced
with 0-02 M 1,4-dithiothreitol (DTT) for 30 min at room temperature, followed by
alkylation with 0-12 M jodoacetamide for 1 h. The sample was gel filtered on
Sephacryl 5-300 (1-5x 96 cm) in 1M acetic acid, at a flow rate of 18mlh~",
Fractions containing H or L chains were adjusted to pH 7-0 with 5§ N NaOH and
their purity analysed by SDS-PAGE.

Reactivity of MAbs against H or L chains was analysed by an indirect ELISA,
M-129 B plates were coated with 0-2 ug/well of isolated H, L chains or trout Ig
(assumed E'%,, =1-4), diluted in PBS by overnight incubation at 4° C. The
ELISA was performed as described below.

PRODUCTION OF MONOCLONAL ANTIBODIES

Female BALB/c mice were injected intraperitoneally (1.p.) with 20 ug of trout
Ig emulsified in complete Freund's adjuvant. Twenty-five days later, a second
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dose of 100 ug of trout Ig emulsified in incomplete Freund’s adjuvant was given
i.p. Three days prior to fusion, made on day 35, the mice received daily by i.p. or
intravenous injections, 60 ug of trout Ig, according to the method of Stahli et al.
{1983). The spleen cells were fused with the non-secreting X63 Ag8.653 myeloma
cell line, according to the method of Kohler & Milstein (1975). Culture super-
natants from the wells with growing colonies were assayed by an indirect ELISA
as described below. The hybridomas selected were cloned by limiting dilution at
least twice. The class and subclass of the monoclonal antibodies were deter-
mined by an indirect ELISA using rabbit antisera specific for mouse heavy
and light chains and a peroxidase conjugated goat-anti-rabbit Ig {Bio-Rad,
US.A)

Ascites were produced by injecting 0-5-2 x 10° cells intraperitoneally into
pristane-primed BALB/c mice and the ascitic fluid was withdrawn after 10-14
days. Monoclonal antibodies were purified from ascites by 409, saturated
ammonium sulphate precipitation or by affinity chromatography on Protein A
Sepharose CL-4B (Pharmacia, Sweden) as described by Ey ez al. (1978).

Protein A-purified MAbs were biotinylated as described previously
{(Dominguez et al., 1990),

ELISA FOR DETECTION OF MAb SECRETING HYBRIDOMAS

M-129 B ELISA plates (Dynatech, Germany) were coated with 2 pug/well of
trout Ig diluted in PBS and incubated overnight at 4° C. Residual binding sites
were blocked by incubating the plates with 0-2 mljwell of 19, bovine serum
albumin (BSA) in PBS for 1 h at 37° C, Culture supernatants, diluted in PBS
containing 19, BSA, 0-29% Tween 20 and 0-019%, merthiolate (dilution buffer),
were added and incubated for 1 h at room temperature. The plates were washed
five times with tap water containing 0-1% Tween 20 {(washing solution).
Subsequently, 100 4] of rabbit anti-mouse Igs conjugated to peroxidase (Sigma,
U.5.A.), diluted at 1/1000 in dilution buffer, were added and incubated for 1 h at
room temperature. Finally, after five washes in washing solution, 50 ul of the
substrate containing 1,2 o-phenylendiamine (2 mg ml~*) in 0-1 m citrate buffer
pH 5-0, and 0-03%, H,0, were added. Colour development was stopped by adding
50 ul of 3n H,80, after 15 min. The plates were read on a Titertek Multiskan
(Flow, Scotland) at 492 nm.

To determine whether the MAbs were apecific for carbohydrate antigenic
determinants, plates coated with trout Ig were treated with 20 mMm periodate
according to the protocol described by Woodward et al. (1985); and the assay was
followed as above described.

DOUBLE ANTIBODY (SANDWICH) ELISA

The reactivity of the MAbs with Ig from other salmonid species was analysed
using a double antibody sandwich ELISA. Plates coated with 1 gugfwell of pro-
tein A-purified MAbs were incubated for 1 h at room temperature with a 20-fold
dilution of serum from rainbow trout (Oncorhynchus mykiss), brown trout
{Salmo trutta), coho salmon (0. kisutch), chinook salmon {O. tshawytscha), chum
salmon (Q. nerka) and sockeye salmon (Q. nerka). After five washes with



240 C.SANCHEZ ET AL.

washing solution, the plates were incubated for 1 h at room temperature with
100 ulfwell of a 400-fold dilution of the biotin-labelled MAb 1G7. The reactivity
of this MAb with Ig from several salmonid species has been previously demon-
strated (Sdnchez et al., 1991). After five more washes, the plates were incubated
with 100 ul/well of avidin-peroxidase (Dako, Denmark) diluted at 1/2000 for
40 min at room temperature. Plates were washed five times and the enzymatic
reaction developed as described above.

COMPETITION ASSAYS FOR EPITOPE DETERMINATION

Using the ELISA technique, competitive binding assays were performed with
the biotin-labelled MAbs against unlabelled MAbs.

Plates were coated with 0-2 pg/well of trout Ig. Then, plates were incubated for
60 min at room temperature with 200 ! of a 1/1000 dilution of biotinylated anti-
bodies in dilution buffer, containing different concentrations of purified MAbs
(0-8-100 ug m1~*). After five washes, the plates were incubated with 100 uljwell of
avidin peroxidase (Dako, Denmark) diluted to 1/2000 in dilution buffer, for
40 min at room temperature. Plates were washed five times, and the enzymatic
reaction was developed as described for indirect ELISA. The results were
expressed as percentages of inhibition using the following formula:

(optical density (0.p.) in the absence of unlabelled antibody —o.p. in the
presence of unlabelled antibody) x100/o.p. in the absence of unlabelled
antibody.

IMMUNOPRECIPITATION ANALYSIS

Purified trout Ig from a pool of 20 individual sera was radioiodinated by the
modified chloramine T method (Johnstone & Thorpe, 1982). The amount of
trout Ig recognised by each MAb was determined by immunoprecipitation as
previously described (Sanchez & Dominguez, 1991). Immunoprecipitated radio-
active samples were run on 17-20%, gradient SDS-PAGE. Gels were fixed, dried
onto Whatman filter paper, and exposed to X-ray film (AGFA Curix RP-2).

FLOW CYTOFLUOROMETRY ANALYSIS

Thymus, spleen and pronephros cell suspensions were prepared as previously
described (Carballo et al., 1992). Peripheral blood lymphocytes (PBL) were
obtained by centrifugation over Lymphoprep (Nyergaard, Norway), as described
by Blaxhall (1981).

Some 2 x 10° cells were incubated for 1 h at 4° C with MAb ascites diluted 1/20
in PBS. An irrelevant MAb (against TPN virus) was used as negative control.
After three washes in PBS with 0-19%, sodium azide, the cells were incubated for
45 min at 4° C with FITC-conjugated rabbit anti-mouse Ig (Dako, Denmark)
diluted 1/50 in PBS-0-1%, sodium azide. Cells were washed four times in
PBS-0-19% sodium azide and fixed in 0-39%, paraformaldehyde prior to the ¢yto-
fluorographical analysis on a FACSTAR PLUS apparatus (Becton Dickinson,
U.S.A).
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Table I. Characterisation of monoclonal antibodies specific for trout 1g

% Troutlg  Carbohydrate Allotypic

MAb Isotype Titre* precipitated reactivity determinant
1A6 [gC,k  1x10° 184 — .
1B4 IgG, k 1x10° 17 — +
1A3 G,k 1x10° 128 — "
1Cé IgG, k 1 % 10¢ 13 — —
1G7 1gG,, k 1x10° 85 — —
1H2 1gGL k 1% 10° 151 — —
2A1 IgG,A, k 1x 108 131 — —
2H9 IgG,k  1x10° 20 — —
spiz IgM, k 1% 10° 113 — —
3F7 [gG, k.  1x10° 176 — —
6G7 IgG,,, k 1x 108 18 — +
4D11 IgG, k  1x10° 97 — —
K4 IgG,,, k 1% 108 93 — —
3B10  IgG,.k  1x10¢ 95 - —

*Titres were determined by ELISA as the reciprocal of the highest dilution of a selution
of purified MAb (1 mg mt *) giving absorbance values greater than twice the background.

IMMUNOHISTOCHEMICAL STUDIES

Immunoperoxidase staining with the MAbs was carried out on pronephros
and spleen cryosections according to a protocol previously described (Razquin
et al., 1990).

II1. Results

A total of 40 stable hybrids specific for trout Ig were obtained from three
independent fusions. Fourteen hybrids were selected for further characteris-
ation. Their isotype, titre, carbohydrate reactivity and the percentage of total
trout Ig recognised by each of them in the immunoprecipitation experiments are
summarised in Table 1. Eight MAbs were [gG,, two IgG,,, two IgG,,, one IgG and
one IgM. All of them have kappa light chains.

The MAbs titres, determined by ELISA starting with a concentration of
purified antibodies of 1 mg ml~", ranged from 10 to 10,

The binding of these MAbs was not affected by the periodate oxidation of the
trout lg, which suggest that no carbohydrate residues were involved in the
epitopes recognised by these MAha,

MAbs 1G7, 4D11, 3E4 and 3B10 precipitated almost 100% of trout Ig (85-97%,)
from a pool of 20 sera. The remaining MAbs precipitated low percentages,
between 119, for 2D12 and 209, for 3F7. To rule out that these MAbs were
recognising allotypic variants, we tested their reactivity with a panel of 30
individual serum samples in a sandwich ELISA using a polyclonal anti-trout Ig
as capture antibady. All the MAhs, except 1A3, 1B4 and 5G7, reacted with each
of 30 serum samples tested, indicating that they recognise isotypic variants
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Fig. 1. Autoradiography of SDS-PAGE {(17-20%, acrylamide gradient) of reduced #I-
trout Ig selected in the immunoprecipitation assays with MAbs 1A6 (1), 1B4 (2), 1A3
(3), 1H2 (4), 1G7 (5), 2A1 {6), 3B10(7), 3E4 (8), 1C6 (9), 4D11 (10), 2HI (11), 3F7 (12), 2D12
(13) and 5GT (14). Numbers on the left correspond to the molecular weight markers in
kDa.

of trout Ig. MAbs 1A3, 1B4 and 5G7 failed to react with some of the serum
samples, although different for each MAb, and so might be recognising allotypic
determinants.

When analysed by SDS-PAGE under reducing conditions, the trout Ig immuno-
precipitated by these MAbs showed differences in the number and molecular
weight of bands corresponding to the L chains (Fig. 1). This L chain hetero-
geneity was first defined with MAbs 2A1 and 2H9, and has been the subject of a
previous report (Sanchez & Dominguez, 1991}, Trout Ig bound by MAbs 2H9,
1A6, 1B4, 1HZ, 2D12, 3F7 and 5G7 possessed L chains =26 kDa, whereas trout Ig
precipitated by MAbs 1A3, 1C6 and 2A1 contained only L chains =24 kDa. Both
sizes of L. chains were present in the trout Ig immunoprecipitated by MAbs 1G7,
4D11, 3E4 and 3B10.

HEAVY OR LIGHT CHAIN SPECIFICITY OF MAbs

The polypeptide chain specificity of MAbs was determined by ELISA using
plates coated with the H and L chains isolated by gel filtration after mild
reduction and alkylation of Ig molecules. Three MAbs (1G7, 3F7, and 4D11)
reacted against H chains and six (1A3,1C6, 2A1, 2D12, 2HY and 3E4) reacted with
L chains (Fig. 2). The specificity of the five remaining MAbs could not be clearly
resolved by this assay. MAb 3B10 reacted weakly with H chains, whereas MAbs
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Fig. 2. Reactivity of MAbs to isclated H and L chains were assayed by ELISA. Plates,
coated with 0-2 ugfwell of purified Ig, H chains or L chains were incubated with a 1/20
dilution of the MAbs (ascites fluid), and the protein-MAb complexes revealed with
rabbit anti-mouse Igs conjugated with peroxidase. Blank values, determined with a
irrelevant MAb directed against IPN virus, were 0-10 for trout Ig and 0-0l for Hand L
chains respectively. (B), H chain; (8), L chain; (O), Ig.

1A6,1B4, 1H2 and 5G7 appeared to bind L chains, showing values slightly higher
than negative control.

The reactivity of MAb 3B10 with H chains was clearly demonstrated by
Western blotting (data not shown). This assay confirmed the binding of MAb
1G7 and 4D11 to H chains, and the binding of 3E4 to L chains. MAbs 1A6, 1B4,
1H2 and 5G7 failed also to react in this assay; however, for suhsequent analysis,
they were classified as L chain-specific since they only precipitated one of the
two L chains bands (Fig. 1).

EPITOPE ANALYSIS

The epitopes recognised by the H and L. chain-specific MAbs were analysed
by competition assays as described in Materials and Methods section.
Representative graphs of competition profiles are shown in Fig. 3. MAbs 1G7
and 4D11 were partially inhibited by each other, On L. chains, MAbs 2112 and
5G7 competed with the binding of biotin-labelled 1H2, whereas MAbL 2A1 and
2H9 competed with the binding of biotin 1abelled 1A3 and 5G7, respectively. No
reciprocal inhibition was observed in any case. The remaining MAbs were only
competed by themselves, indicating that they recognised different epitopes.

REACTIVITY WITH LYMPHOID CELLS

The percentages of cells bearing surface g (slg) in suspensions of lymphocytes
from spleen, pronephros, thymus and peripheral biood, detected by these MAbs,
were determined by cytofluorometry using a FACS analyser (Table 2). MAbs
1G7, 4D11 and 3B10 stained percentages close to those obtained with MAb 1.14.
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MAb 3E4 stained similar percentages in pronephros and spleen, but reacted
with a low number of peripheral blood lymphocytes. The remaining MAbs
stained lower percentages. All the MAbs stained less than 2% of thymocytes,
except MADb 4D11 that reacted with a 289, of thymocytes.

Cells containing Ig can also be detected in frozen sections of pronephros and
spleen using these MAbs. Figure 4 shows pronephros sections stained with
MAbs 1G7 and 2H9. Surface and cytoplasmic immunostaining was observed on
scattered cells throughout the tissue sections. As expected, a higher percentage
was detected with MAb 1G7 than with MAbh 2H9.

REACTIVITY OF MAbs FOR [g OF DIFFERENT SALMONID SPECIES

The reactivity of the MAbs to serum proteins of various salmonid species and
subspecies was tested by a sandwich ELISA. Results are summarised in Table 3.

Five of the L chain-specific MAbs (2H9, 1B4, 2A1, 1A6, 2D12) and three H
chain-specific MAbs (3B10, 4D11 and 1G7) reacted with sera from all the
salmonid species tested. However, notable differences were found between these
species, Chinook and sockeye salmon showing the weakest reactivities. The
remaining MAbs reacted only with sera from some of the species tested. MAb
3E7 reacted with sera from all the species except sockeye. MAb 5G7 and 3F4
failed to bind Chinook, sockeye or chum salmon sera. MAb 3E4 also failed to
react with Coho salmon. MAb 1H2 did not recognise Chinook or sockeye salmon
sera. Reactivity of MAb 1C6 with these salmonid sera was not determined
because it failed to react in sandwich ELISA with the rainbow trout Ig.

IV. Discussion

We have characterised a new panel of 14 MAbs against the H and L chains of
trout Ig. Inmunoprecipitation experiments with these MAbs showed that only
four (1G7, 3E4, 3B10 and 4D11) reacted with 85-979% of serum Ig. The rest bound
only amall fractions of serum Ig. The low percentages of trout Ig precipitated by
these MAbs did not appear to be due to damage of specific epitopes by the
iodination procedure or to a low affinity of these M Abs, since similar vields were
obtained when some of them were used in affinity chromatography experiments,
and since any increase in the amount of bound Ig was not obtained when the
precleared supernatant was subjected to a second round of immunoprecipi-
tation with the same MAb. These results raised the question of the possible

Fig. 3. Competition profiles of the anti-H chains (a) and anti-L chains (b) MAbs. The
binding of biotin-labelled MAbs to plates coated with trout Ig was competed with
different amounts of the unlabelled MAbs, purified by affinity chromatography on
Protein A Sepharose CL-4B. MAbs that gave less than 109%, of inhibition were not
represented in order to make the graph more intelligible. (a) (—®—), MAbhs 3F7;
(—M—),4D11;(——),3Bl0and (— & —), 1G7. (b) (—@®—), MAhs 1B4; (— M), 1A3;
(— #—), 1C6; (— *—), 2AT; (— O—), 2D12; (O~ ), 3E4; (—A—), 1HZ; (—w—), 2H9
and (—A—), 5G7.
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Table 2. Reactivity of anti-trout Ig MAbs with different cell types
determined by flow cytofluorometry

MAD Pronephros Spleen Thymus PBL
1-14 18-1+46 258110 06401 46-5+11
1G7 107147 274413 0-85+02 35417
4D11 9-6* (13) 17* (15-2) 28-1+51 N.D.
3F7 3-2* (A7) 6:1* (36) 14408 136111
3B10 N.D. N.D. N.D. 41* (45)
364 57* (13) 22* (15-2) N.D. 20+ 08
2H9 6:3+32 82427 0-85+08 14641
2A1 122444 1856+6'5 1-1+1 24-842
1B4 N.D. N.D. N.D. 22% (45)
1A3 N.D, N.D. N.D. 9-2* (45)
1A6 N.D. N.D. N.D. 5T* (45)
5GT N.D. N.D. N.D. 7-8* (45)

Values are expressed as percentages and represent the mean + s.n. of five
experiments for pronephros, three experiments for spleen and peripheral
blood lymphoceytes (PBL) and two experiments for thymus.

*A single experiment was performed. Number between brackets represent
percentage of cells stained with MAb 1.14 in the same experiment.

N.D. Not done.

Fig. 4. Inmunoperoxidase staining of Tum frozen cryostat sections of trout pronephros
with MADb 1G7 (a) or MADb 2H9 (b). Note the higher percentage of cells stained with
MADb 1G7 in comparison with MAb 2H9 (magnification »x 1300).
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Table 3. Reactivity of anti-rainbow trout Ig monoclonal antibodies to sera of different
salmonid species

Species 2H9 1B4 1A3 1HZ 2A1 1A6 2D12 3F7 5G7 4D11 3E4 3B10

Rainbow trout  1-47 1-51 127 107 121 082 107 093 101 096 021 124
Brown trout 164 170 141 1-24 1-39 112 1-20 122 117 1-00 (28 1.36
Chinook salmon 0-73 090 006 011 049 038 058 046 007 040 0 0-66
Coho salmon 108 106 072 002 080 041 060 (49 054 050 002 067
Sockeyesalmon 0-84¢ 020 (03 030 059 032 051 004 001 042 0 0-64
Chum salmon 1-21 108 027 050 096 652 065 060 00 065 010 0-86

Values represent 0.1, at 492 nm after subtraction of the blanks.

existence of antigenic variants within the trout Ig. Such variants have been
demonstrated in the L and H chains of catfish (Lobb et al., 1984; Lobb & Olson,
1988), and have recently been suggested for H chaing of the Atlanti¢ salmon
(Killie et al., 1991). Consistent with this hypothesis also are the results from
immunofluorescence and immunohistochemical studies of trout lymphoid
organs, which have showed that these MAbs only stained a portion of the Ig-
positive cells. In addition, the analysis of the immunoprecipitates by SDS-
PAGE revealed differences in the Ig L chains. MAbs 2A1, 1A3 and 1Cé
precipitated trout Ig which possessed L chains of 24 kDa, whereas MAbs 2H9,
1A6, 1B4, 1H2, 3F7 and 5G7 precipitated trout Ig with L chains of 26 kDa. MAbs
1G7,4D11,3B10 and 3E4, which bound 85-97%, of serum Ig, brought down both L
chains.

Experiments of simultaneous binding to trout Ig of pairs of MAbs as well as
immunoprecipitations with combinations of different MAbs (unpublished
results and Sanchez & Dominguez, 1991) indicate that the Ig subpopulations
containing 26-kDa L chains do not overlap with the Igs subpopulations that
posgess 24-kDa L chains. Furthermore, while partial or total overlapping was
seen in these experiments among the trout Ig subpopulations with 24-kDa L
chains identified by MAbs 2A1, 1A3 and 1C8, the Ig subpopulations containing
26-kDa L chains seemed more heterogeneous, since MAb 1B4 and 3F7
apparently bound a different Ig subpopulation than that identified by MAbs
1A6, 1H2, 2H9 and 5G7. MAb 2D12 bound both subpopulations of Ig with 26-kDa
L chains.

The 24-kDa and 26-kDa L. chains showed differences at the polypeptide level,
as has been demonstrated by recent analyses carried out with Ig bound by MAbs
2A1 and 2H9 (Sanchez & Dominguez, 1991). In these studies, no changes in the
size of either L chains were observed after deglycosylation with trifluoro-
methane sulphonic acid (TFMS), whereas clear peptide differences were
revealed by Staphylococcus V8 protease digestion.

MAbs 1G7,4D11, 3B10 and 3F7 reacted with H chains in Western blots and/or
ELISAs using isolated H and L chains; MAbs 3E4, 2A1, 2HS, 2D12, 1C6 and 1A3
seemed to recognise L chains in these assays. MAbs 1A6, 1B4, 1H2 and 5G7 failed
to bind isclated H or L chains, but probably reacted with L chains, since they
only precipitated one of the two bands of L chains detected by SDS-PAGE.
However, MAb 3F7, which bound isolated H chains by ELISA, also precipitated
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Ig containing only 26-kDa L chains. Although we do not yet have a clear expla-
nation for this finding, it is possible that this MAbrecognises an H chain variant
which associates preferentially with 26-kDa L chains, Preferential association
between isotypes and/or allotypes of H and L chains has been observed in
mammals (Natvig & Kunkel, 1973; Naessens et al., 1979 and in amphibians
(Hadji-Azimi, 1975; Hsu & Du Pasquier, 1984). Another possibility 1s that this
MAD reacts with a conformational epitope resulting from the association of H
chains with the 26-kDa L chains, and it was detecting trace amounts of H-L pairs
present in the H chain preparation used in the ELISA, that went unnoticed by
SDS-PAGE.

Competition between MAbs indicated that MAbs 1G7, 3B10 and 3F7 recognise
distinct epitopes on H chains. MAb 4D11 showed a partial competition with 1G7,
and may be recognising an epitope that overlaps with the one bound by 1G7.
With regard to L chains, the one-way inhibition observed between MAbs 2A1
and 1A3 (both reacted with 24-kDa L chains) could be explained by differences
in affinity, since 2A1 inhibited the binding of biotin-labelled 1A3 even more
effectively than unlabelled 1A3. However, this explanation seems unlikely in
the inhibitions observed with 2D12 and 5G7, or 2H9 on the binding of biotin-
labelled 1H2 or 5G7 respectively, since the concentration of these MAbs
required for 509, inhibition were higher than the homologous MAb. Probably,
these MAbs reacted with different but structurally close epitopes on 26-kDa L
chains.

Most of the determinants recognised by these MAbs seem to be isotypic, since
they were present in every trout serum tested. However, it is not yet resolved if
they liein the C or V regions of the H or L chains, and therefore, if the Ig variants
identified by these MAbs represent true isotypes or rather are subgroups,
products of consensus sequences in the framework regions, shared by the mem-
bers of a V gene family. Although information on the L chain genes in teleost is
lacking, recent analysis of H chain genes in three different species indicate the
presence of multiple families of V; genes (Amemiya & Litman, 1990; Wilson
el al., 1991; Ghaffari & Lobb, 1991). On the other hand, the L chains in elasmo-
branchs are encoded by multiple C, genes, and appear to be closely related to
mammalian A chains (Schluter ef a/., 1989), which are also encoded by multiple
C, genes in some species, and where different isotypes have been chemically and
serologically identified (Solomon, 1986). Nevertheless, the finding that MAb
3E4, which is specific for L chains, binds 939, of trout Ig and precipitates both
26-kDa and 24-kDa L chains, indicates that these L chains share common
epitopes and probably represent variants of a single type.

The failure of MAbs 1A3, 1B4 and 5G7 to react in the sandwich ELISA with
some of the individual trout sera tested, does not seem be due to a low concen-
tration of Ig in the sera, since these sera were strongly recognised by other MAbs
which also precipitate low Ig percentages. Furthermore, these MAbs reacted
strongly with other sera tested, which excludes a loss of activity of the
biotinylated MAbs, or a possible steric hindrance as the cause for the lack of
reactivity. It is possible that these MAbs are detecting allotypic determinants,
although additional studies are required to confirm this hypothesis.

Analysis of cross-reactivity with this panel of MAbs indicates that most epi-
topes are highly conserved between the different species of salmonids. However,
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epitopes recognised by MAbs 3F7, 5G7, 3E4, 1H2 and 1A3 show a polymorphic
distribution, being present only in some species. The failure of MAb5G7 and 1A3
to bind Chinook, sockeye and chum salmon (only the 5G7) could be explained by
their possible allotypic reactivity, as only one serum of each species was tested.
No differences were found between brown trout and rainbow trout, in contrast
to that reported by Kobayashi et al. (1982), who found only a partial identity
between Igs of these species, using a polyclonal antisera to chum salmon Ig. In
this study, the rainbow trout Ig was antigenically similar to the Ig from other
fishes of the genus Oncorhynchus.

Anti-Ig polyclonal sera cannot be used for detection of B cells in fish, because
of their anti-carbohydrate specificities that cross-react with non-Ig components
of the cell surface (Yamaga et al., 1978). MAbs 1G7, 3B10, 4D11 and 3E4, which
bound almost 100%, of trout serum Ig, can be used as B cell-markers. None of
these MAbs appear to react with carbohydrate determinants, since all of them
bind to periodate-treated trout Ig. The percentages of slg-bearing cells in blood,
pronephros and spleen detected by MAbs 1G7, 3B10 and 4D11 are similar to that
reported by DeLiuea et al, (1983) and Thuvander et al. (1990), although variation
was observed from one animal to another. Unexpectedly, the anti-L chain MAb
3E4 stained a much lower percentage of PBL than MAbs 1G7, 3B10 or 114,
Although this result is difficult to explain, it might reflect the presence in per-
ipheral blood of lymphoeytes with H chains on their surface, non-associated to
L chains, The surface expression of H chains associated to proteins distinct of
L chains {(1/b and Vpre-B) has been seen in pre-B cells of mammals (Pillal &
Baltimore, 1988; Cherayil & Pillai, 1991).

MAD 4D11 also reacts with a subpopulation of thymocytes. This reactivity
remains to be investigated, however it has also been observed with some anti-Ig
MAbs in carp (Secombes et al., 1983).

We are grateful to Dr M. Kent for providing us with serum samples of different species
of salmonids. MAb 1.14 was kindly supplied by Dr G. Warr. We wish to thank C.
Herndndez for technical assistance in the production of monoclonal antibodies. This
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References

Amemiya, C. T. & Litman, G. W. (1990). Complete nucleotide sequence of an immuno-
globulin heavy chain gene and analysis of immunoglobulin gene organization in a
primitive teleost species. Proceedings of the National Academy of Sciences U.S.A.
87, 811-815.

Blaxhall, P. C.(1981). A comparison of methods used for the separation offish lymphocytes.
Journal of Fish Biology 18, 177-181.

Carballo, M., Torroba, M., Muiioz, M. J., Sanchez, C., Tarazona, J. V. & Dominguez, J.
(1992). Effect of copper and cyanide on some immunological parameters and stress
inrainhow trout (Oncorhynchus mykiss). Fish & Shellfish Immunology 2,121-129.

Cherayil, B. J. & Pillai, S. (1991). The w/ 1/5-surrogate immunoglobulin light chain is
expressed on the surface of transitional B lymphocytes in murine bone marrow.
Journal of Experimental Medicine 173, 111-116.

DeLuca, D., Wilson, M. & Warr, G. W. (1983). Lymphocyte heterogeneity in the trout,
Salmo gairdneri, defined with monoclonal antibodies to 1gM. European Journal of
Immunology 13, 546-551.



250 C.SANCHEZ ET AL.

Dominguez, J., Hedrick, R. P. & Sanchez-Vizcaino, J. M. {1990), Use of mono-
clonal antibodies for detection of infectious pancreatic necrosis virus by the
enzyme-linked immunoscrbent assay. Diseases of Aquatic Organisms 8, 157-163,

Ey, P, Prowse, 8. & Fenkin, C. (1978). Isolation of pure IgG,, IgG,, and IgG,, immuno-
globulins from mouse serum using Protein A-S8epharose. Immunochemistry 15,
429-436.

Ghaftari, S. H. & Lobb, C. J. (1989). Nucleotide sequence of channel catfish heavy chain
¢DNA and genomic blot analysis. Journal of Immunology 143, 2730-2739.
Ghaffari, S. H. & Lobb, C. J. (1991). Heavy chain variable region gene families evolved

early in phylogeny. Ig complexity in fish, Journal of Immunology 146, 1037-1046.

Hadji-Azimi, L. (1975). Structural studies of the Xenopus 198 immunoglobulin and the 75
immunoglobulin and two immunoglobulin-like proteins. Immunology 28, 410427,

Hanley, P.J., Seppelt, 1. M., Gooley, A. A., Hook, J. W. & Raison, R. L. (1990). Distinct Ig H
chains in a primitive vertebrate, Eptatretus stoutii. Journal of Immunology 145,
3823-3828.

Hsu, E. & DuPasquier, L. (1984). Studies on Xenopus immunoglobulins using monoclonal
antibodies. Molecular Immunology 21, 257-270. .

Johnstone, A. & Thorpe, S. (1982). Radiolabelling techniques. In Immunochemistry in
Practice. pp. 102-120. London: Blackwell Scientific Publications.

Killie, J. E., Espelid, S. & Jorgensen, T. (1991). The humoral immune response in Atlantic
salmon (Salmo saler, L.) against the hapten carrier antigen NIP-LPH; the effect of
determinant (NTP) density and the isotype profile of anti-NIP antibodies, Fish &
Shellfish Immunology 1, 33-46.

Kobayashi, K., Hara, A., Takano, K. & Hirai, H. (1982). Studies on the subunit components
of immuncglobulin M from a bony fish, the chum salmon (Oncorhynchus keta).
Molecular Immunology 19, 95-103.

Kobayashi, K. & Tomonaga, S. (1988). The second immunoglobulin class is commonly
present in cartilaginous fish belonging to the order Rajiformes. Molecular
Immunology 25, 115-120.

Kobayashi, K., Tomonaga, 8. & Kajii, T. (1984). A second class of immunoglobulin other
than IgM present in the serum of a cartilaginous fish, the skate, Raja Kenojei:
isolation and characterization. Molecular Immunology 21, 397-404.

Kohler, G. & Milstein, C. (1975). Continuous cultures of fused cells secreting antibody of
predefined specificity, Nature 256, 495497,

Kokubu, F., Hinds, K., Litman, R., Shamblott, M. J. & Litman, G. W. (1988a). Complete
structure and organization of immunoglobulin heavy chain constant region
genes in a phylogenetically primitive vertebrate. EMBO Journal 7, 1979-1988.

Kokuby, F., Litman, R., Shamblott, M. J., Hinds, K. & Litman, G. W. (1988b). Diverse
organization in immunoglobulin V,, gene loci in a primitive vertebrate. EMBO
Journal 7, 3413-3422.

Laemmli, U. K. (1970). Cleavage of structural proteins during the assembly of the head of
bacteriophage T4. Nature 227, 680-685.

Lobb, C. J. & Olson, M. O. J. {1988). Immunoglobulin heavy H chain isotypes in a teleost
fish. Journal of Immunology 141, 1236-1245.

Lobb, C. J., Olson, M. 0. d. & Clem, L. W. (1984). Inmunogiobuliin light chain classes ina
teleost fish. Journal of Immunology 132, 1917-1923.

Naessens, J., Hamers-Casterman, C. & Kelus, A. (1979). Allotypes of rabbit IgM linked to
the b locus of the kappa polypeptide chain. Immunogenetics 8, 571-575.

Natvig, J. B. & Kunkel, H. G. (1973). Human immunogiobulins: classes, subclasses,
genetic variants and idiotypes. Advances in Immunology 16, 1-39.

Nisonoff, A., Hopper, d. E. & Spring, S. B. (1975}. The Antibody Molecule. New York:
Academic Press.

Pillai, 8. & Baltimore, D. (1988). The omega and iota surrogate immunogiobulin light
chains. Current Topics in Microbiology and Immunology 137, 136-139.

Razquin, B. E., Castillo, A,, Lopez-Iierro, P., Alvarez, F., Zapata, A. & Villena, A. (1950).
Ontogeny of IgM-producing cells in the lymphoid organs of rainbow trout, Salmo



IMMUNOGLOBULIN IN TROUT 251

gairdneri Richardson: an immuno- and enzyme-histochemical study. Journal of
Fish Biology 36, 158-173.

S4dnchez, C., Coll, J. & Dominguez, J. (1991). One step purification of the major rainbow
trout immunoglobulin. Veterinary Immunology and Immuropathology 21,
383-392.

Sanchez, C. & Dominguez, J. (1891). Trout immunoglobulin populations differing in light
chains revealed by monoclonal antibodies. Molecular Immunology 28,
12711277,

Sdnchez, C., Dominguez, J. & Coll, J. (1989). Immunoglobulin heterogeneity in the rain-
bow trout, Salmo gairdneri Richardson, Journal of Fish Diseases 12, 459-465.

Secombes, C. J., Van Groningen, J. J. M. & Egberts, E. (1983). Separation of lympho-
cyte subpopulations in carp Cyprirus carpio L. by monoclonal antibodies:
immunohistochemical studies. Immunology 48, 165-175.

Schiluter, 8., Hohman, V., Edmunson, A, & Marchalonis, J. J, (1989). Evolution of
immunoglobulin light chains: cDNA clones specifying sandbar shark constant
regions. Proceedings of the National Academy of Sciences U.S.A. 86, 9961-9965.

Solomon, A. (1986). Light chains of immunoglobulins: structural-genetic correlates.
Blood 68, 603-610,

Sthali, C., Staehelin, T. H. & Miggiano, V. (1983). Spleen cells analysis and optimal
immunization for high-frequency production of specific hybridomas. Methods in
Enzymology 92, 26-36.

Thuvander, A., Fossum, C. & Lorenzen, N. (1990). Monoclonal antibodies to
salmonid immunoglobulin: characterization and applicability in immunoassays.
Developmental and Comparative Immunology 14, 415-423.

Wilson, M., Middelton, D. & Warr, G. W. (1991). Inmunoglobulin V, genes of the goldfish,
Carassius auratus: a re-examination. Meleculor Immunology 28, 449-457.
Woodward, M. P., Young, W. W. & Bloodgood, R. A. (1985). Detection of monoclonal
antibodies specific for carbohydrate epitopes using periodate oxidation. Journal

of Immunological Methods 78, 143-153.

Yamaga, K. M., Kubo, R. T, & Etlinger, H. M. (1978). Studies on the question of conven-
tional immunoglobulin on thymocytes from primitive vertebrates. [. Presence of
anti-carbohydrate antibodies in rabbit anti-trout sera. Journal of Immunology
120, 2068-2073.



