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Molecular characterization of cockroach vitellogenins and
vitellogenin receptor mechanisms

Abstract . (Muhammad Tufail, page 1)

Vitellogenins (Vgs) are precursors of the major egg volk protein, vitellins (Vns), in many
oviparous animals. Vg of most insect species is synthesized in the fat body cells, in tissue-,
sex- and stage-specific manners, secreted into the hemolymph and then ultimately taken up
by the developing oocytes via recepter-mediated endocytosis. During these processes Vgs
and Vns are modified through cleavage, glycosylation, lipidation, and phosphorylation. After
incorporation into the eggs, Vs represent a major component of egg yolk proteins and serve
as storage proteins to provide a source of amino acids, carbohydrates, lipids, and phosphates
to the developing embryo. :

1t was proposed that the Vgs genes or the product can be used as a molecular marker to
indicate the phylogenetic relationships based on the amino acid sequences. Also, Vg genes
and/or cDNAs serve as an excellent model systems for studing the molecular basis of gene
regulation because of their sex-, tissue-, and hormone- mediated developmental specificity.

In the present study, we have characterized the molecular structures of three Vg molecules,
two (Vgl and Vg2) being that of the American cockroach, Periplaneta americana (Tufail et
al,, 2000 and Tufail et al., 2001), and one being that of the Madeira cockroach, Lewcophaea
maderae (Tufail and Takeda, 2002). We also show the use of Vg cDNAs as probes in
Northern blot analyses to assess the tissue- ‘and sex-specificity of the Vg gene expression in
both the cockroach species. The Vg cDNA probe was also used to investigate the stage
specific expression of Vg gene in the female fat body cells of P. americana. The expression
of Vg gene was first detected by Northern blot analysis in the fat body cells of 2-days-old
adult females, and the hemolymph Vgs were first detected by Western biot analysis in 4-
days-old adult females. These results demonstrate that the Vg cDNA clone will be a sensitive
probe to study the hormonal regulation on Vg gene expression.

The deduced amino acid sequences of three Vg molecules investigated in the present study
were confidently aligned among each other and among the other known insect Vgs and a

- molecular phylogenetic tree constructed was in agreement with that constructed based on the
" ribosomal DNA sequences and that constucted previousely based on the morphological

characteristics. The present results thus conclude that the Vgs can be used as a molecular
marker to indicate the phylogenetic relationships. We also demonstrate, on molecular basis,
the processing patterns of cloned Vg molecules from both the cockroach species.

Moreover, we have also cloned and sequenced another Vg cDNA of L. maderae which has
stretches of amino acid sequences different from the one reported previously (Tufail and
Takeda, 2002). The complete nucleotide sequence of this Vg (which we named as Vgb for
comparison) consists of 5915 bp which encodes a deduced amino acid sequence of 1911
amino acid residues (including a pitative signal peptide sequence) in a single open reading
frame. The comparison of base sequences of both L. maderae Vgs revealed that the
difference was due to mutations (addition/deletion or addition of a base (s) at one position
followed by deletion of a base (s) at another position and vice versa} in the base sequence of

(Muhammad Tufail, page 2)
Vgb (the other Vg) which made its amino acid sequence different from the one reported
previously (Tufail and Takeda, 2002). The both L. maderae Vgs were, however, showing
96% similarity in the protein primary structure. .

Moreover, we also report for the similarity in Vn antigenicity among 10 selected cockroach
species, belonging to two superfamilies, using the anti-P. americana Vn- antisera. The results
demonstrate that the Vn antigenicities are at least very similar within the members of the
same superfamily.

Vg receptors (VgRs), are of vital importance to all oviparous animals because they transport
Vg into oocytes, a key step for egg development and a prerequisite for reproduction. VgRs
are localized in coated pits on the surface of growth competent oocytes which bind the yolk
protein precursor and carry it into cells by receptor mediated endocytosis. Once sequestered
by growing oocytes, the Vg is sent to yolk bodies, where it is processed for storage and thus
providing the main nutritional reserves necessary for embryo development.

The insect oocyte provides an excellent model system for studying receptor-mediated
endocytosis because of the high intensity of protein uptake. This system could also be a
promising target for the pest control. For example, interruption of the receptor-ligand
interaction would block egg production, and the knowledge can be exploited for the safer pest
control strategies. To manipulate this system/sirategy the basic -information required is a
thorough understanding of structures, interactions, regulation and expression of the proteins
involved (both the ligand and the receptor).

We have recently characterized the molecular structures of two Vg molecules, the ligands,
from the American cockroach, P. americana (Tufail et al., 2000 and 2001). We now report
the cDNA cloning and structural analysis of their counterpart, the receptor, from this
cockroach species, and describe that the VgR we cloned is a new LDLR family member
having only 6 repeats in the second ligand-binding domain. This novel insect VgR consists of
1709 amino acid residues and shares a significant homology with other LDLR family
members and particularly with Vg/Yp receptors reported from the mosquito and Drosophila.
The cytoplasmic tail of P. americana VgR contains a leucine-isoleucine internalization
signal, the motif that seems to be common in insect VgRs/YPRs (di-leucine in Drosophila
YPR), unlike the tight-tum-tyrisine motif (NPXY) of other members of LDLR gene family.
The phylogenetic (neighbour-joining) analysis shows that the mosquito VgR and YPR of
Drosophila are more closely related than with the cockroach VgR.

During cloning of VgR, We also found a ¢cDNA clone encoding receptor tyrosine
kinase (RTK) from the previtellogenic ovaries of P. americana. The complete cDNA for
RTK was of 4128 residues which encoded a deduced amino acid sequenece of 1294 residues
including 22 residues for the putative signal peptide. The entire deduced amino acid sequence
was aligned confidently with other members of the RTK family of receptors. We are,
“however, not clear about the role of RTK in the previtellogenic ovary at the moment. One
possibility is that RTK, like other family members, may be involved in cell proliferation,
especially follicle cells in the developing ovary.
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