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Research Interests

The major interest of our research is to understand the reproductive consequences of
premature and chronic activation of the luteinizing hormone receptor.  The luteinizing
hormone receptor (LHR), a seven transmembrane G protein-coupled receptor is critical in
male and female reproduction.  The gonadotropins, luteinizing hormone (LH) and
chorionic gonadotropin, bind LHR and activate the cAMP signal transduction pathway.
Several naturally occurring mutations in LHR have been identified that render the
receptor constitutively active.  These mutations are primarily found in boys presenting
with precocious puberty and in boys with testicular adenoma.  The current focus of our
research in the characterization of a transgenic mouse model expressing a genetically
engineered, constitutively active yoked hormone receptor complex (YHR) in which hCG
is covalently linked to the N-terminus of LHR.  The initial studies suggest that premature
and constitutive activation of LHR will lead to precocious puberty and premature ovarian
failure due to a combination of increased follicle recruitment and atresia in female mice
and alter testicular development in male mice.  These transgenic mice will be utilized as a
novel tool to study signaling pathways leading to accelerated ovarian senescence and
abnormalities in ovarian and testicular development.  To understand the molecular basis
for the hormonal and histological changes, alterations in gonadotropin and steroid
hormone levels will be examined and the expression of key molecules in the LHR
signaling pathway analyzed.  A major thrust of these studies will be the analysis of
alterations in gene expression in the ovaries and testis of YHR mice.  A combination of in
s i t u  hybridization and real time RT-PCR to detect RNA levels and
immunohistochemistry to analyze protein levels will be utilized.  The developmental
changes in testicular and ovarian morphology will also be analyzed by quantitative
morphometric methods.  Additional studies include the generation and characterization of
transgenic mice expressing LHR containing a naturally occurring mutation resulting in
constitutively activity to compare the effects of ligand-independent activation with that of
the engineered ligand-receptor complex.
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Peer Reviewed Publications

Angelova, K., Fremont, V., Jain, R., Zhang, M., Puett, D., Narayan, P. and Szkudlinski,
M.W. (2004) Human α-subunit analogs act as partial agonists to the thyroid stimulating
hormone receptor: Differential effects of free and yoked subunits. Endocrine (In press).

Meehan, T.P., Puett, D. and Narayan, P. (2004) Tightly regulated and inducible
expression of a yoked hormone-receptor complex in HEK 293 cells. J. Mol. Endocrinol.
32: 247-255.

Angelova, K., Narayan, P. and Puett, D. (2003) The luteinizing hormone receptor:
influence of buffer composition on ligand binding and signaling of wild type and mutant
receptors. Mol. Cell. Endocrinol. 204: 1-9.

Fralish, G.B., Narayan, P. and Puett, D. (2003) Consequences of single-chain translation
on the structures of two chorionic gonadotropin yoked analogs in the α-β  and β-α
configurations. Mol. Endocrinol. 17: 757-767.

Schubert, R.L., Narayan, P. and Puett, D. (2003) Specificity of cognate ligand-receptor
interactions: fusion proteins of human chorionic gonadotropin and the heptahelical
receptors for human luteinizing hormone, thyroid-stimulating hormone, and follicle-
stimulating hormone. Endocrinology 144: 129-137.

Narayan, P., Gray, J. and Puett, D. (2002) Yoked complexes of human
choriogonadotropin and the lutropin receptor: evidence that monomeric individual
subunits are inactive. Mol Endocrinol. 16: 2733-2745.

Fralish, G.B., Narayan, P. and Puett, D. (2001) High-level expression of a functional
single chain hCG-LH receptor ectodomain complex in insect cells. Endocrinology
142:1517-152.

Zhang, M., Tong, K.P.T., Fremont, V., Chen, J., Narayan, P., Puett, D., Weintraub, B.D.
and Szkudlinski, M.W. (2000) The Extracellular Domain Suppresses Constitutive
Activity of the Transmembrane Domain of the Human TSH Receptor: Implications for
Hormone-Receptor Interaction and Antagonist Design.  Endocrinology 141: 3514-3517.

Angelova, K., Narayan, P., Simon, J.P. and Puett, D. (2000) Functional role of
transmembrane helix 7 in the activation of the heptahelical lutropin receptor. Mol.
Endocrinol. 14: 459-471.

Narayan, P., Gray, J. and Puett, D. (2000) A biologically active single chain human
chorionic gonadotropin analog with altered receptor binding properties.  Endocrinology
141: 67-71.

Bhowmick, N., Narayan, P. and Puett, D. (1999) Identification of ionizable amino acid
residues on the extracellular domain of the lutropin receptor involved in ligand binding.
Endocrinology 140: 4558-4563.

Alvarez, C.A., Narayan, P., Huang, J. and Puett, D. (1999) Characterization of a region of
the lutropin receptor extracellular domain near transmembrane helix 1 that is important in
ligand-mediated signaling.  Endocrinology 140: 1775-1782.
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Bhowmick, N., Narayan, P. and Puett, D. (1998) Surface retention of an inactivating
lutropin receptor mutant in exoloop 3.  Mol. Cell. Biochem. 187: 221-227.

Bhowmick, N., Narayan, P. and Puett, D. (1998) The endothelin subtype A receptor
undergoes agonist and antagonist-mediated internalization in the absence of signaling.
Endocrinology  139: 3185-3192.

Angelova, K., Puett, D. and Narayan, P. (1997) Identification of endothelin receptor
subtypes in sheep choroid plexus. Endocrine  7: 287-293.

Wu, C., Narayan, P. and Puett D. (1996) Protein engineering of a novel constitutively
active hormone-receptor complex.  J. Biol. Chem. 271: 31638-31642.

Shen, L., Xia, H., Bhowmick, N., Narayan, P. and Puett, D. (1996) Mutations of Arg68 of
the human chorionic gonadotrophin β subunit lead to reduced secretion.  J. Mol.
Endocrinol. 17: 257-262.

Angelova, K., Ergul, A., Narayan, P. and Puett, D. (1996) Endothelin binding to NG108-
15 cells: evidence for conventional ETA and ETB receptor subtypes and super-high
affinity binding components. Cell. Mol. Biol. 42: 1243-1257.

Angelova, K., Fralish, G.B., Puett, D. and Narayan, P. (1996) Identification of
conventional and novel endothelin receptors in sheep choroid plexus cells. Mol. Cell.
Biochem. 159: 65-72.

Narayan, P., Gray, J. and Puett, D. (1996) Expression of functional
lutropin/choriogonadotropin receptor in the baculovirus system. Mol. Cell. Endocrinol.
117: 95-100.

Narayan, P., Wu, C. and Puett, D. (1995) Functional expression of yoked human
chorionic gonadotropin in baculovirus-infected insect cells. Mol. Endocrinol. 9: 1720-
1726.

Bokar, J.A., Rath-Shambaugh, M.E., Ludwiczak, R., Narayan, P. and Rottman, F.M.
(1994) Characterization and partial purification of mRNA N6-adenosine
methyltransferase from HeLa cell nuclei: internal mRNA methylation requires a
multisubunit complex. J. Biol. Chem. 269: 17697-17704.

Narayan, P., Ludwiczak, R.L., Goodwin, E.G. and Rottman, F.M. (1994) Context effects
on N6-adenosine methylation in prolactin mRNA. Nucleic Acids Res. 22: 419-426.

Carroll, S.M., Narayan, P. and Rottman, F.M. (1990) N6-methyladenosine residues in an
intron-specific region of prolactin pre-mRNA. Mol. Cell. Biol. 9: 4456-4465.

Narayan, P. and Rottman, F.M. (1988) An in vitro system for accurate methylation of
internal adenosine residues in mRNA.  Science 242: 1159-1162.

Ransohoff, R.M., Narayan, P., Ayers, D.F., Rottman, F.M. and Nilsen, T.W.  (1987)
Priming of influenza mRNA transcription is inhibited in CHO cells treated with the
methylation inhibitor, neplanocin A.  Antiviral Res. 7: 317-327.



4

Narayan, P., Ayers, D.F., Rottman, F.M., Maroney, P.A. and Nilsen, T.W. (1987)
Unequal distribution of N6-methyladenosine in influenza virus mRNAs.  Mol. Cell. Biol.
7: 1572-1575.

Narayan, P. and Towle, H.C. (1985) Stabilization of a specific nuclear mRNA precursor
by thyroid hormone.  Mol. Cell. Biol. 5: 2642-2646.

Jump, D.B., Narayan, P., Towle, H.C. and Oppenheimer, J.H. (1984) Rapid effects of
triiodothyronine on hepatic gene expression:  Hybridization analysis of tissue specific
triiodothyronine regulation of mRNAs14.  J. Biol. Chem. 259: 2789-2797.

Narayan, P., Liaw, C.W. and Towle, H.C. (1984) Rapid induction of a specific nuclear
mRNA precursor by thyroid hormone.  Proc. Natl. Acad. Sci. USA 81: 4687-4691.

Symposium Proceedings, Book Chapters and Reviews

Narayan, P. and Puett D. (2003) Luteinizing hormone receptor signaling, in Encyclopedia
of Hormones Eds. H.L. Henry and A.W. Norman, Elsevier, Amsterdam. Vol. II, pp. 612-
616.

Puett, D. and Narayan, P. (2002) Fusion proteins of human gonadotropins and
gonadotropin-receptor complexes. Indian Journal of Experimental Biology 40: 415-423.

Puett, D. and Narayan, P. (2000) Designer gonadotropins and receptors: The prospect of
recombinant technology, in Ovulation: Evolving Scientific and Clinical Concepts (E.
Adashi, ed.), Springer-Verlag, New York. pp. 295-307.

Narayan, P., Wu, C. and Puett, D. (2000) Genetic engineering of single chain
gonadotropins and hormone-receptor fusion proteins. Methods 21:59-66.

Bhowmick, N., Narayan, P. and Puett, D. (1999) An Endothelin-A/Lutropin chimeric
receptor exhibits ligand-mediated internalization in the absence of signaling. in Peptides:
Frontiers of Peptide Science. Ed. J. P. Tam and P. T. P. Kaumaya. Kluwer Academic
Publishers, Dordrecht, Netherlands pp. 584-585.

Puett, D., Wu, C. and Narayan, P. (1998) The Tie that Binds: Design of Biologically
Active Single Chain Human Chorionic Gonadotropins and a Gonadotropin-Receptor
Complex using Protein Engineering. Biol. Reprod. 58: 1337-1342.

Puett, D., Bhowmick, N., Fernandez, L.M., Huang, J., Wu, C. and Narayan P. (1996)
hCG receptor binding and transmembrane signaling. Mol. Cell. Endocrinol. 125: 55-64.

Rottman, F.M., Bokar, J.A., Narayan, P., Shambaugh, M.E. and Ludwiczak, R.  (1994)
N6-adenosine methylation in mRNA: Substrate specificity and enzyme complexity.
Biochimie  76: 1109-1114.

Narayan, P. and Rottman, F.M. (1991) Methylation of mRNA.  Advances in Enzymology
65: 255-285.

Rottman, F., Narayan, P., Goodwin, R., Camper, S., Yao, Y., Horowitz, S., Albers, R.,
Ayers, D., Maroney, P. and Nilsen, T. (1986) Distribution of m6A in mRNA and its
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possible biological role.  IN: Biological Methylation and Drug Design, Eds. Borchardt,
R.T., Creveling, C.R. and Ueland, P.M. (Humana Press), pp. 189-200.

Towle, H.C., Narayan, P., Liaw, C.W., Engle, J.A. and Tao, T .-Y. (1985) Nuclear
regulation of a thyroid hormone responsive gene at  a post-transcriptional level. IN:
Nuclear Envelope Structure and RNA Maturation, Eds. Smuckler, E.A. and Clawson,
G.A. (Alan R. Liss, New York, NY), pp. 411-426.


