








and rtLHβ or rtFSHβ for coating. The sensitivity of the assay 
was 15.84 pg/ml for tLH and 0.24 pg/ml for tFSH measure-
ments in the plasma, whereas for the measurements in the 
pituitary, the sensitivity was 2.43 ng/ml and 1.52 ng/ml for 
tLH and tFSH, respectively. The standard curves for tFSH 
and tLH paralleled those of serially diluted pituitary extracts 
of other cichlids, as well as of serially diluted pituitary 
extract of seabream, European seabass and hybrid bass 
(Aizen et al., 2007b).

Conclusion
The glycoprotein hormones are an interesting group of 

molecules not only because of their importance in reproduc-
tion and overall physiology but also because of their unique 
structural features. The mammalian gonadotropins have 
proven to be useful models for understanding protein folding 
and protein-protein interactions, as well as for studying the 
role of carbohydrates in protein function. The availability of 
recombinant fish FSH and LH in sufficient quantities should 
enable us to better define their physiological role and pitui-
tary control as well as to further explore the usefulness of 
fish as a model system for understanding gonadotropin func-
tion in vertebrates. 

References
AIZEN J., KASUTO H., GOLAN,M., ZAKAY H. & B. LEVAVI-

SIVAN, 2007a .- Expression and characterization of biologi-
cally active recombinant tilapia FSH: Immunohistochemistry, 
stimulation by GnRH and effect on steroid secretion. Biol. 
Reprod., 76: 692-700.

AIZEN J., KASUTO H. & B. LEVAVI-SIVAN, 2007b. - Develop-
ment of specific enzyme-linked immunosorbent assay for deter-
mining LH and FSH levels in tilapia, using recombinant gona-
dotropins. Gen Comp Endocrinol, 153: 323-332.

CAMPBELL R.K., 2005. - Molecular pharmacology of gonadotro-
pins. Endocrine, 26: 291-296.

CHOI E., KO H., SHIN J., KIM M.-A. & Y.C. SOHN, 2005. - 
Expression of gonadotropin genes in Manchurian trout Brachy-
mystax lenok and production of recombinant gonadotropins. 
Fish. Sci., 71: 1193-1200.

CUI M., LI W., LIU W., YANG K., PANG Y. & L. HAORAN, 
2007. - Production of recombinant orange-spotted grouper 
(Epinephelus coioides) luteinizing hormone in insect cells by 
the baculovirus expression system and its biological effect. 
Biol. Reprod., 76, 74-84.

HUANG C., HUANG F., CHANG G., CHANG Y., LO C., FRAS-
ER M. & T.B. LO, 1991. - Expression of two forms of carp 
gonadotropin alpha subunit in insect cells by recombinant bac-
ulovirus. Proc. Natl. Acad. Sci. USA, 88(17): 7486-7490.

KAMEI H., OHIRA T., YOSHIURA Y., UCHIDA N., NAGASAWA 
H. & K. AIDA, 2003. - Expression of a biologically active 
recombinant follicle stimulating hormone of Japanese Eel 
Anguilla japonica using methylotropic yeast, Pichia pastoris. 
Gen. Comp. Endocrinol., 134: 244-254.

KASUTO H. & B. LEVAVI-SIVAN, 2005. - Production of biologi-
cally active tethered tilapia LHβα by the methylotrophic yeast 
Pichia pastoris. Gen. Comp. Endocrinol., 140: 222-232.

KO H., PARK W., KIM D.-J., KOBAYASHI M. & Y.C. SOHN, 
2007. - Biological activities of recombinant Manchurian trout 
FSH and LH: Their receptor specificity, steroidogenic and vitel-
logenic potencies. J. Mol. Endocrinol., 38: 99-111.

KOBAYASHI M., MORITA T., IKEGUCHI K., YOSHIZAKI G., 
SUZUKI T. & S. WATABE, 2003. - Production of recombinant 
goldfish gonadotropins by baculovirus in silkworm larvae. Fish 
Physiol. Biochem., 28: 469-471.

KOBAYASHI M., MORITA T., IKEGUCHI K., YOSHIZAKI G., 
SUZUKI T. & S.WATABE, 2006. - In vivo biological activity 
of recombinant goldfish gonadotropins produced by baculovi-
rus in silkwonn larvae. Aquaculture, 256: 433-442.

MEIRI I., ZMORA N. & A. ELIZUR, 2000. - Functional expres-
sion of recombinant seabream FSH and LH in baculovirus 
infected insect cells. In: Sixth International Symposium on 
Reproductive Physiology of Fish. (Norberg B. et al., eds), p. 
488. Univ. of Bergen.

MORITA T., YOSHIZAKI G., KOBAYASHI M. & T. TAKEUCHI, 
2003. - Production of biologically-active recombinant goldfish 
gonadotropins in transgenic rainbow trout. Fish Physiol. Bio-
chem., 28: 473-474.

MORITA T., YOSHIZAKI G., KOBAYASHI M., WATABE S. & T. 
TAKEUCHI, 2004. - Fish eggs as bioreactors: the production 
of bioactive luteinizing hormone in transgenic trout embryos. 
Transgenic Res., 13: 551-557.

PIERCE J.G. &T.F. PARSONS, 1981. - Glycoprotein hormones: 
structure and function. Annu. Rev. Biochem., 50: 465-495.

SO W.-K., KWOK H.-F. & W. GE, 2005. - Zebrafish gonadotropins 
and their receptors: II. Cloning and characterization of zebrafish 
follicle-stimulating hormone and luteinizing hormone subunits 
their spatial temporal expression patterns and receptor specifi-
city. Biol. Reprod., 72: 1382-1396.

VISCHER H.F., GRANNEMAN J.C.M., LINSKENS M.H.K., 
SCHULZ R.W. & J. BOGERD, 2003. - Both recombinant Afri-
can catfish LH and FSH are able to activate the African catfish 
FSH receptor. J. Mol. Endocrinol., 31: 133-140.

WELTZIEN F.A., ANDERSSON E., ANDERSEN O., SHALCHI-
AN-TABRIZI K. & B. NORBEG, 2004. - The brain-pituitary-
gonad axis in male teleosts, with special emphasis on flatfish 
(pleuronectiformes). Comp. Biochem. Physiol. A, 137: 
447-477.

YARON Z., GUR G., MELAMED P., ROSENFELD H., ELIZUR 
A. & B. LEVAVI-SIVAN, 2003.- Regulation of fish gonadotro-
pins. Int. Revr. Cytol., 225: 131-185.

ZMORA N., KUMAR S., KAZETO Y. & J.M. TRANT, 2003. - 
Production of channel catfish (Ictalurus punctatus) recom-
binant gonadotropins using the S2 Drosophila cell line system. 
Fish Physiol. Biochem., 28: 475-477. 

Levavi-Sivan et al.	 Recombinant fish gonadotropins

Cybium 2008, 32(2) suppl.	 21


