




using either method. Collectively these results show that 
VtgAa and VtgAb preferentially bind to different receptor 
proteins on the ovarian membrane, thus providing the basis 
for a hypothetical model of ovarian yolk transfer in teleosts, 
one in which multiple Vtgrs transport different Vtgs via 
selective endocytotic pathways based on differential ligand 
affinity (Fig. 2).

Oocyte uptake of VtgC in red seabream (Pagrus major) 
was confirmed by Sawaguchi et al. (2006), however this Vtg 
is minor in comparison to complete Vtgs. Seabream VtgC 
also shows no change in mass following uptake or during 
OM. In Japanese goby (Acanthogobius flavimanus), VtgC 
also does not undergo proteolytic alteration during accumu-
lation in the oocyte. Deposition of VtgC occurs in mosqui-
tofish (Gambusia affinis) oocytes as well, and it undergoes 
no change in native mass after being incorporated (Sawagu-
chi et al., 2005), however it is proteolytically nicked since 
VtgC from serum resolves as one band on SDS-PAGE (pre-
sumably monomeric) whereas VtgC from oocytes resolves 
as three bands. If VtgC does not bind to the ovarian mem-
brane it may enter oocytes in the fluid phase or by some other 
cellular mechanism and may not be subjected to the same 
endosomal processing as Vtgs Aa and Ab. This may explain 
why it is not cleaved into YPs following uptake in these spe-
cies.

Unequal accumulation of Vtgs by the oocyte has been 
reported in at least three species of fish. In barfin flounder, 
Vtgs Ab and Aa are accumulated in oocytes at a ratio of 3:2 
(Matsubara et al., 1999). Conversely, results of N-terminal 
and internal amino acid sequencing of oocyte YPs suggest 
that VtgAa is the major type compared to VtgAb in both 
mosquitofish (Sawaguchi et al., 2005) and mummichog 
(Fundulus heteroclitus; LaFleur et al., 2005). Differential 
accumulation of Vtgs may be related to different Vtgrs and 
the ratio accumulated in oocytes may potentially be con-
trolled by the multiple receptor system.

We postulate that selective processing of Lvs derived 
from functionally distinct albeit structurally similar parent 
Vtgs during OM may be related in part to this multiple recep-
tor system, since specific receptor-ligand directed compart-
mentalization of VtgAa and VtgAb may occur following 
internalization. It is known from other membrane receptor 
systems that ligands binding different receptors can be dis-
parately trafficked into endosomal compartments following 
endocytosis. In advanced marine and estuarine teleosts 
spawning pelagic eggs, this may explain how VtgAa-derived 
LvH is cleaved into FAAs whereas LvHb remains largely 
intact during OM.

Coupled with the discoveries of multiple Vtgs and Vtgrs 

discussed above, this working model guides our ongoing 
investigations of mechanisms for oocyte growth in fishes. 
Further understanding of the functions and evolution of this 
ovarian receptor system will require a detailed comparison 
of the binding activities of other apolipoproteins and Vtgs 
with multiple Vtgrs and other members of the LDLR super-
family.
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