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Abstract.-Hybridoma technology is reviewed, and the characteristics of monoclonal antibodies 
are compared with those of polyclonal antibodies. The contribution of monoclonal antibodies to 
molluscan pathology is developed with special emphasis on their use as diagnostic tools. The 
results of studies with monoclonal antibodies prepared against the protozoan oyster pathogen 
Bonamia ostreae are briefly described. 

The development of hybridoma technology as 
elaborated by Kohler and Milstein (1975) has made 
an impact in many fields ofbiological research such 
as immunology, biochemistry, and pathology 
(Yelton and Scharff 1981; Krakauer 1985; Seiler et 
al. 1985). In pathology, mouse monoclonal anti
bodies have been used in diagnosis (Van Der 
Auwera 1987) and therapy (Blythman et al. 1981; 
Frankel 1985). In this article, we briefly review 
hybridoma technology. We compare the properties 
of monoclonal and polyclonal antibodies, and we 
consider the prospects for use of monoclonal anti
bodies in molluscan pathology, especially for the 
diagnosis of infectious diseases. 

Hybridoma Technology and Production of 
Monoclonal Antibodies 

The principle of hybridoma technology is the 
continuation of the nonproliferative line of anti
body-producing lymphocytes by fusing the lym
phocytes with a tumor cell !ine (myeloma cells; 
Figure 1). Hybrid cells, called hybridomas, are 
obtained which retain both the ability of individ
uallymphocytes to secrete antibody and the abil
ity of myeloma cells to grow without limit. Thus, 
the homogenous antibody derived from a single 
clone of hybridomas is called a monoclonal anti
body (MAB). The properties of the lymphocyte 
can also be retained by infecting the lymphocyte 
with a transforming virus or by transfecting it with 
tumorigenic DNA (Schonherr and Houwink 1984). 
The production of MAB has been reviewed by 
Kennett et al. (1980), Goding (1983), Pau et al. 
(1983), Schonherr and Houwink (1984), and Pa
olucci et al. (1986). The different steps in the 
production are shown in Figure 2. 

!mmunization, Preparation of Cel/s, 
and Fusion 

A mouse is immunized by successively inject
ing it with antigenic preparations (Figure 2). Pu
rified antigen is not necessary, but the hybridiza
tion yield is partly conditioned by the level of 
sensitization of the animal. After the last injec
tion, lymphocytes isolated from the spleen are 
fused with myeloma ceUs either by chemical treat
ment with polyethylene glycol (Paolucci et al. 
1986) or by electrical treatment (Vienken and 
Zimmermann 1985). 

Selection ofHybridomas 
Because the yield of stable hybridomas from 

parent cells is low, about 106_107 
, the nonfused 

myeloma cells deficient in hypoxanthine guanine 
phosphoribosyltransferase (HGPRT-) must be 
kept from overgrowth. The HGPRT-deticient cells 
cannot grow in a medium containing hypoxanthine 
aminopterin thymidine, so this medium is used to 
select the HGPRT+ hybridomas after fusion. 

Selection of Hybridomas Producing 
Specifie Antibody 

The hybridomas must be screened as early as 
possible to distinguish and eliminate those pro
ducing nonspecitic antibody from those producing 
specitic antibody. The screening technique must 
be rapid, simple, and suitable for the large number 
of hybridomas grown in the wells of microculture 
plates. The techniques used most frequently are 
radioimmunoassay (RIA), enzyme-linked im
munosorbent assay (ELISA), and immunofluores
cence (IF). Screening is a key step in lymphocyte 
hybridization, and its success depends entirely on 
the availability of purified antigen. 
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FIGURE 1.-Principle of preparation of hybridomas. HGPRT = hypoxanthine guanine phosphoribosyltransferase, 
HAT = hypoxanthine aminopterin thymidine. 

Cloning of Hybridomas Producing bridoma lines. Cells that are cryoprotected with 
Specifie Antibody dimethyl sulfoxide (7.5%) in feta[ calf serum can 

As soon as positive hybridomas (i.e., those pro be stored in liquid nitrogen. 
ducing specifie antibodies) are identified (Figure 2), 

Comparison of Polyclonal and they must be cloned to reduce the risk of over Monoclonal Antibodies 
growth by negative cells (i.e., those producing non

Polyclonal antisera obtained from immunized specifie antibody). The cells can be cloned in soft 
animais are characterized by a heterogeneity ofagar, with an electronic cell sorter, or by limiting 
antigen-specific immunoglobulins, a low titer ofdilutions. The last method is used most frequently; 
these specifie antibodies, and variability becells are successively diluted to a point at which, 
tween serum batches (Figure 3). Nevertheless, statistically, there is less than one viable cell per 
the use of highly purified antigens for immunizamicroculture weil. The capacity of the cloned cells 
tion and in immune adsorption techniques has to produce specifie antibody is then assayed. 
led to the development of specifie and sensitive 

Production of Monoclonal Antibodies test systems, for example, indirect immunofluo
and Cryopreservation rescence (Boulo et al., in press). Polyclonal anti

Because the hybridomas are descended from a bodies give rise to difficult problems in the devel
line of tumor cells, they can be grown indefinitely opment of quantitative and reproducible immuno
in culture and they can produce monoclonal anti diagnostic methods. 
bodies in vitro or in vivo. Usually, the cloned Because of their specificity, unlimited availabi[
hybridomas are grown in the ascites fluid of ity, and homogeneity (Figure 3), monoclonal anti
pristane-pretreated mice: On average, 3 mL of bodies can be standardized for use in highly sensi
f1uid or 3-30 mg of antibody per mouse are tive and specifie immunoassays, especially for de
obtained. Monoclonal antibodies are purified by tecting small amounts of infectious agents in clinical 
affinity chromatography on immobilized protein specimens. A[so, they may be valuable in detecting 
A, which selects immunoglobulins according to antigenic variation between different stages or 
isotype. Cryopreservation of hybridomas is an strains of parasites, which would be a more difficult 
essential safeguard against [oss of valuab[e hy- procedure with po[yclona[ antibodies. 
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FIGURE 2.-Steps in hybridoma technotogy. HGPRT = hypoxanthine guanine phosphoribosyltransferase; PEG = 

polyethylene glycol; HAT = hypoxanthine aminopterin thymidine. 

Monoclonal Antibodies for Diagnosis of Alternative methods used in human and veter
Molluscan Pathogens inary pathology include immunoassays based on 

Heretofore, infectious diseases of molluscs specific antigen-antibody reactions. Monoclonal 
have been diagnosed from histological prepara antibodies are especially suitable for detecting 
tions. Although parasites and procaryotes can be antigens in epidemiological studies of parasitic 
detected and identified by this technique, the (Ungar et al. 1985; Wirtz et al. 1985), procaryotic 
method has severallimitations and disadvantages, (Holley et al. 1984; Kotani and McGarrity 1985; 
especially in epidemiological surveys. The prepa Morris and Ivanyi 1985), or viral (Beards et al. 
ration and observation of specimens are time 1984; Monath et al. 1986) diseases. 
consuming. The availability of personnel and ma Because invertebrates have no demonstrable 
terial is probably insufficient for useful disease humoral immune response, immunodiagnosis de
prophylaxis. Moreover, it is difficult to precisely pends on the utilization of specific antibodies to 
quantify infections by this procedure, and the reveal the presence of infectious agents in them. 
method cannot be used to diagnose viral infec Among molluscs, the barrier to the development 
tions of mo\luscs (Johnson 1984; Eiston and Wil of such technology has been the inability to pre
kinson 1985). pare purified parasite suspensions to immunize 
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FIGURE 3.-Comparison of properties of polyclonal and monoclonal antibodies. Solid star, circle, or triangle = 
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mice and to assay hybridomas. However, the 
recent purification of two pathogens of oysters 
(Mialhe et al. 1985; Mialhe et al. 1988a) has 
overcome this barrier. 

Pathogens can be detected by three types of 
immunoassays, direct, indirect, and direct sand
wich (Figure 4). The different solid-phase immu
noassay systems, IF, RIA, and ELISA, depend 
on the labeling element that is conjugated to the 
antibody. Immunofluorescence is mainly a quali
tative and sensitive technique adapted for analyz
ing a few specimens (Nairn 1976), whereas RIA 
and ELISA are suitable for detecting and quanti
fying pathogens in many specimens. However, 
radioactive isotopes with short half-life radiation 
hazards limit the use of RIA to specially autho
rized laboratories. The sensitivity of ELISA 
(Voiler et al. 1976; Voiler etaI. 1978;Yolken 1982) 
relies on the conversion of many substrate mole
cules by a single molecule of enzyme-antibody 
conjugate. These conjugates are stable and can be 

stored frozen. Microtiter-plate colorimeters are 
available to rapidly measure many samples. Sub
strates that give rise to colored and precipitated 
reaction products (Dao 1985; Turner 1986) are 
weIl adapted for simple assay without any instru
ments. Consequently, ELISA, especially the di
rect type (Figure 4), constitutes a good immuno
diagnostic method for the quick, easy, and precise 
determination of the percentage and rate of infec
tion of diseases in molluscs. 

Monoclonal Antibodies against 
Bonamia ostreae 

In several European countries, the breeding of 
the edible oyster Ostrea edulis is adversely af
fected by the intrahemocytic parasite, Bonamia 
ostrea (Ascetospora). In consideration of the Iim
its of the histological diagnostic method and the 
recent purification of this pathogen (Mialhe et al. 
1988a), it became important to produce monoclo
nal antibodies for immunodiagnosis. Sorne brief 
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FIGURE 4.-Different types of solid phase immunoassays. Y = immunoglobulin; triangle = antigenic determinant; 
triangle + Y = immunoglobulin specifie for antigenic determinant; Y + star = immunoglobulin labeled with an 
enzyme or radioisotope. 

results are presented below to illustrate the appli
cability of monoclonal antibody technology to 
molluscan pathology. The details of the research 
will soon appear in print (Boulo et al., in press; 
Rogier et al., in press). 

About 700 hybridomas were obtained from a 
fusion oflymphocytes of a hyperimmunized Balb/c 
mouse with myeloma cells. Eight hybridomas 
were then selected from these on the basis of their 
production of antibody specific for B. ostreae. 
The epitope specificity of these eight hybridomas 
was defined precisely by an inhibition RIA test 
and by IF antibody pattern analysis. Monoclonal 
antibodies 20B2 and 15C2, specific for cytoplas
mic membrane epitopes, were retained for diag
nosing B. ostreae by indirect IF in three clinical 
studies. The results were related to those diag
nosed histologically. In light infections, when 
only a few Bonamia cells were observed on a 
smear, the IF test with MAB permitted quicker 
detection of B. ostreae because it could be ob
served at lower magnification. 

The two radiolabeled monoclonal antibodies 
differentiate between hemolymph of diseased oys
ters from that of healthy oysters (Figure 5). On 
this basis, we are now developing an enzymatic 
immunoassay for detecting Bonamia disease. 

Discussion 

The economic impact of infeetious diseases on 
bivalve culture and the absence of both resistant 
races and antiparasitic treatment indicate how 
necessary preventive measures are to insure the 
continuity of bivalve culture. Such measures de
pend mainly on the development of quantitative 
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FtGURE 5.-Specificity analysis of monoclonal anti
bodies specifie to Bonamia ostreae by direct radioim
munoassay. CPM = counts/min; MAB = monoclonal 
antibody. Bar 1 = purifiedB. ostraeae cells immobilized 
on nitrocellulose; bar 2 = parasitized oyster hemolymph 
immobilized on nitrocellulose; bar 3 = healthy oyster 
hemolymph immobilized on nitrocellulose. 
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immunodiagnostic methods such as ELISA, 
which is quick, reliable, and applicable by ail 
investigators concerned with a specific disease. 
Monoclonal antibody methods provide a desirable 
alternative to polyclonal immunosera techniques. 
Our first results with B. ostreae suggest opportu
nities for other investigations into monoclonal 
antibodies against the major identified pathogens 
of economically important bivalves. 

The value of monoclonal antibodies for funda
mental research in molluscan pathology must also 
be noted. Monoclonal antibodies constitute new and 
powerful tools with which to study the antigenic 
variation of parasites during development or from 
different geographical areas (Mialhe et al. 1988b). 
Also, such antibodies are suitable reagents for dis
cerning the role of receptors implicated in the rec
ognition process between host cell and parasite. 
Finally, collaboration between molluscan patholo
gists and specialists in hybridoma technology is 
essential to quickly elaborate prophylactic strate
gies on an international scale. 
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