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Abstract 

Monoclonal antibodies (McAbs) directed against grass carp (Ctenopharyngodon ide/lus) 
growth hormone (gcGH) were generated by the fusion of myeloma cells (SP2/0) with spleen 
cells from mice that had been immunized with purified gcGH. Hybridomas were cloned by lim
iting dilution, and screened for McAb production using enzyme-linked immunosorbent assay 
(ELISA). Seven positive clones were produced from I 67 clones tested, giving a positive rate of 
4.1 %. Two hybridoma cell lines were developed and used to produce ascitic fluids. Two McAbs 
to gcGH, designated 1D289 and 3ESAS, had a titer of about 1:1280000 and reacted specifically 
with gcGH, and did not react with salmon GH, bovine GH and black silver carp GtH in ELISA. 
Western blotting showed that gcGH McAbs bound specifically with recombinant common carp 
GH transferred on nitrocellulose membrane. lmmunocytochemistry study showed that McAbs 
specifically bound to GH cells in proximal pars distalis, and did not bind to cells in rostral pars 
distalis and pars intermedia. 
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major function is the promotion and regulation of growth and development in 
fish (Donaldson et al. 1979; Chen 1992). The development of McAbs with high 
specificity and titre against fish GH will be of great importance and have po
tential application in the development of highly sensitive and specific immu
noassays for fish GH, and in the purification of the corresponding GH from pi
tuitary glands or recombinant expression products in Escherichia coli. So far, 
few reports on the development of McAbs against GH are available, mostly in 
salmonids (Furuya et al. 1988; Farbridge et al. 1990). 

This paper reports the development of highly specific monoclonal antibod
ies against grass carp (Ctenopharyngodon idel/us) GH and their immunohis
tochemical identification. 

Materials and Methods 

Hormones and Antiserum 

Grass carp GH (gcGH) and prolactin (gcPRL) were isolated from pituitary 
glands of grass carp by Chen et al. (1995, 1996). Chinook salmon GH (sGH) 
and gonadotropin (sGtH) were also purified by Chen et al. (1991) and Chen 
(1992). Black silver carp gonadotropin (bscGtH) and its antiserum were kindly 
provided by Dr. Y.L. Yu of the Institute of Zoology, Taiwan. The expression 
products of recombinant common carp GH gene (rcGH) were kindly donated 
by Professor Y.K. Sun of Shanghai Biotechnology Center, Shanghai, China. 

Immunization 

Two 6-week old female BALB/c mice were immunized by four injections 

of gcGH. The first subcutaneous injection consisted of 200 ul of a suspension 
of 100 µg gcGH in 100 ul saline plus 100 ul Freund's complete adjuvant 
(Sigma). Two subsequent intraperitoneal (IP) injections were given with 200 ul 
of a suspension of 100 µg gcGH in 100 ul saline plus 100 ul Freund's incom
plete adjuvant (Sigma) at 2-week intervals. One week later, an intravenous in
jection 100 µg gcGH in 50 ul distilled water was given. 

Development of McAbs 

Three days after the intravenous injection, splenocytes were mixed in a 
ratio of 5: 1 with log-phase SP2/0 myeloma cells. The fusion was mediated by 
45% (v/v) polyethylene glycol MW 1540. Hybridomas were selected in a me
dium containing 100 µm hypoxanthine, 0.4 µm arninopterin and 16 µ M thymi
dine (HAT medium, Sigma) and approximately 5 x 105 thymocytes•ml·1. Fused

cells were distributed into 96-well culture plates in HAT medium. Two weeks 
later, the cells were incubated in HT-DMEM medium for one week, then incu
bated in DMEM medium. Hybridomas were cloned by the method known as 
limiting dilution. Ascites fluid was prepared by IP injection of hybridoma cells 
into the pristane-primed male BALB/c mouse. The isotypes of McAbs were 
identified by double diffusion in agarose gel using rabbit antisera to mouse 

immunoglobulin isotypes (IgM. IgGI, IgG2a, IgG2b and IgG3) (Sigma). 
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Table 1. Cross-reaction of several monoclonal antibodies with various pituitary hormone 
preparation. 

Hormone Monoclonal antibodies 
preparation 1 ICIA4 IA2E6 ID2B9 2GI0F3 2ESH8 3B1 ID7 3E8A5 

gcGH 
rcGH 
sGH 
sGTH 
bGH 

+ + ++ 
+ 

+ positive, + + strongly positive, - negative 

+ + + 

+ 

++ 

+ 

lgcGH = grass carp growth hormone OH; rcGH = recombinant common carp GH; sGH = 
chinook salmon GH; sGTH = chinook salmon gonadotropin; bGH = bovine GH. 
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Fig. 1. McAb titration curve. Plates are coated with 
0.5 ug gcGH•ml''. 
(♦) 3E8A5 (■) ID2B9

Fig. 2. Complementary effect of McAb I D2B9 and 
3E8AS. Plates are coated with 0.5 ug gcGH•ml·1• 

(■)ID2B9 (♦) 3E8A5 (A) ID2B9+3E8A5

Fig. 3. Specificity of the gcGH monoclonal antibody 
in direct ELISA. The wells of plates were coated 
with gcGH ( .. ), sGH, sGtH, bGH orbscGtH 
(o--o ). Ascites fluid of gcGH McAbs was used for 
measurement at 10-4 dilution. 
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Discussion 

There is increasing interest in the development of McAbs against fish hor
mones in view of their high specificity, smaller amount of antigen needed for 

immunization, and great potential for application in the fields of fish endocri

nology and genetic engineering of fish peptide hormones. Many fish endocri
nologists tried to develop McAbs against teleost GH but, so far, only Farbridge 

et al. (1990) have successfully generated GH McAb using recombinant SGH as 
immunogen. In the present study, two hybridoma cell lines secreting specific 
McAbs against purified gcGH were developed. Direct ELISA showed that the 

gcGH McAbs had high specificity and titer. This is the first report on the devel
opment of McAbs against cyprinid GH. 

The most tedious, yet most important, step in McAb generation is to deter

mine whether or not a hybridoma is secreting a McAb to the relevant hor
mone. The screening procedure must be rapid, accurate and simple because 
hundreds of hybridomas must be tested during the development of McAbs. In 

this paper, to screen positive hybridomas, we first used direct ELISA which is 
rapid and capable of testing many hybridomas at the same time. Because the 
gcGH preparation used in direct ELISA is the same as that tested for the initial 

immunization, and is not absolutely pure, there is a low incidence of false 
positives during the screening of hybridomas. It is necessary to use different 
tests for determining the specificity of positive hybridomas. lmmunohistochem

istry and western blotting techniques were used to meet the requirements. 
lmmunohistochemical staining revealed that gcGH McAbs bound specifically to 
GH-secreting cells in PPD of grass carp pituitary, but did not stain GtH-secreting 

cells in PPD and cells in both RPD and PI. These results are similar to those 
observed in other teleosts species (Cook et al. 1983; Moons et al. 1991). West
ern blotting showed that gcGH McAbs had strong binding with purified rcGH. 

Such stringent tests could completely rule out the possibility of false positives, 
and fully confirmed that the McAb obtained here was truly directed against the 
gcGH molecule. 

McAbs are powerful reagents for use in studying pituitary physiology in the 
development of immunoassays and in the affinity purification of the corre
sponding peptide. Using McAbs against gcGH, a sensitive and specific sand

wich ELISA has been developed in our laboratory (published elsewhere) and 
applied in research on cyprinid growth endocrinology. 
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