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The three yolk polypeptides have been isolated and partially characterized. Their molecular
weights of YP1, YP2, and YP3 were 48,000, 47,000, and 46,000, respectively, as judged by
SDS-polyacrylamide gel electrophoresis. They have different digestion products upon in situ

peptide mapping by limited proteolysis. Two-dimensional gel electrophoresis showed that their
isoelectric points were heterogeneous from 5.92 to 6.54. And they showed three different

antigen-antibody reactions when each polypeptides is reacted with antisera made to a mixture

of all of three. These data reported here indicate that the yolk proteins are consisted of

distinctive polypeptides in Drosophila sp. (robusta species group).
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The process of vitellogenesis is a major event in
oogenesis in a number of different insects. In Dro-
sophila, the three yolk proteins (YP1, YP2, and
YP3) are synthesized as vitellogenin precursors in
two different tissues of the female fly. Throughout
the adult life, the female fat body cells continuous-
ly synthesize the three yolk proteins (Bownes and
Hames, 1978; Kambysellis et al., 1986). The other
synthetic site for yolk protein is the follicle cells
surrounding the oocyte (Gutzeit, 1980; Brennan et
al., 1982).

The synthesized yolk proteins are then-secreted
into the hemolymph and then selectively trans-
ported into the eggs. Secretion is preceded by at
least two steps of protein modification: One step
involves the terminal cleavage of about ten amino
acids from each of the precusors to the three YPs.
A second step is modification which gives the pro-
teins charge heterogeneity (Warren et al., 1979).
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The synthesis of the three yolk proteins is stimu-
lated by both juvenile hormone and 20-hydroxy-
ecdysone {Handler and Postlethwait, 1978; Post-
lethwait and Handler, 1979). In D. melanogaster
and D. grimshawi, the three yolk proteins are en-
coded by single copy genes (ypl, yp2, yp3) on
the X chromosome (Barnet et al., 1980; Hoveman
et al., 1981; Riddel et al., 1981; Hotzopolous and
Kambysellis, 1987a).

Although the yolk proteins of D. melanogaster
have been well characterized (Warren and Maho-
wald, 1979; Mintzas and Kambuysellis, 1982}, little
is known about the other species of Drosophila. In
this paper, we have isolated and partially char-
acterized the three yolk proteins in more distantly
related species, D. sp. (robusta species group).

Materials and Methods

Isolation of yolk proteins
Laboratory stocks of Drosophila sp. (robusta
species group; Cheju strain) were grown in mass
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culture according to the procedure of Travaglini
and Tartof (1972). Zero- to 3-hr embryos were
collected, and the chorion were removed as pre-
viously described (Allis et al., 1977).

The yolk proteins were isolated by the methods
of Minitzas and Kambysellis (1982) with a minor
modification. The isolated embryos were homoge-
nized in 10 vol. of 50 mM Tris-HCI, pH 8.2, 0.25
M NaCl and then centrifuged at 12,000 x g for
30 min at 4°C. The supernatant was dialyzed
against 50% saturated ammonium sulfate solution
for overnight at 4°C, and the precipitated fraction
was removed by centrifugation. The soluble frac-
tion was dialyzed against 80% saturated ammo-
nium sulfate solution as the above, and the pre-
cipitated faction, containing the three yolk pro-
teins, was dissolved in 50 mM Tris-HCI, pH 8.2,
0.25 M NaCl. This fraction was dialyzed against
deionized water for 2 days at 4°C The resulting
water-insoluble fraction was collected by centri-
fugation and stored at —20°C.

Analytical techniques

Sodium dodecyl sulfate (SDS)-polyacrylamide
gel electrophoresis was done by the method of
Laemmli (1970). Two-dimensional gel elec-
trophoresis was performed according to the
methods of O’Farrell (1975). Peptide mapping was
carried out by the limited proteolysis method of
Cleveland et al. (1977). Protein concentration was
determined by the method of Lowry et al. (1951)
using bovine serum albumin as a standard refer-
ence.

Immunological techniques

The antiserum of the yolk proteins was pre-
pared in New Zealand White rabbit (Bailey, 1984).
Double immunodiffusion was done by the method
of Ouchterlony (1958), and Westemn blotting was
carried out essentially according to the procedure
of Towbin et al. (1979).

Results

Isolation scheme of yolk proteins

The isolation scheme for yolk proteins utilized
the insoluble nature of these proteins in neutral
low-salt buffer (Warren and Mahowald, 1979).
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Electrophoretic analysis of curde embryo extracts
on 10% SDS-polyacrylamide gel reveals three
major yolk proteins (YP1, YP2, and YP3), with a
similar electrophoretic mobility (Fig. 1, lane 2).
Crude embryo extracts were subjected to ammo-
nium sulfate fractionation, as described in Mate-
rials and Methods. Approximately one fourth of
the proteins present in crude embryo extracts
were precipitated between 50% and 80% ammo-
nium sulfate (Fig. 1, lane 3 and Table 1). Dialysis
of the 50-80% ammonium sulfate fraction against
H,0 resulted in precipitation of a pure three yolk
proteins preparation (Fig. 1, lane 4). The purifica-
tion scheme and the yield obtained in each frac-
tion were summarized in Table 1. The molecular
weights of the three yolk proteins of Drosophila
sp. were 48,000 for YP1, 47,000 for YP2, and
46,000 for YP3 as determined by SDS-polyacryla-
mide gel electrophoresis.

Verification that the yolk proteins are three sepa-

rate polypeptides
Separation of the yolk proteins using two-dim-
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Fig. 1. SDS-polyacrylamide gel electrophoresis of the
yolk proteins during purification. Protein fractions were
denatured by heat, 2% SDS, and 3% 2-mercaptoethan-
ol and subjected to electrophoresis on 10% slab gel.
Lane 1, molecular weight markers; lane 2, crude embryo
extract; lane 3, 50-80% ammonium sulfate yolk protein
fraction; lane 4, final yolk protein preparation. The
arrows indicated the three yolk proteins.
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Fig. 2. Two dimensional gel electrophoresis of the par-
tially purified yolk proteins, The proteins was separated
by thin layer horizontal isoelectric focusing on a pH gra-
dient about 3 to 10, and then by SDS-polyacrylamide
gel electrophoresis.

1 2 3 1 2 3

Fig. 3. In situ peptide maps of the tree yolk proteins.
Twenty ,.g of the purified yolk proteins were initially
run on exponential gradient (8-15%) polyacrylamide
gel. After staining with Coomassie brilliant blue, the indi-
vidual protein band was cut out and loaded on peptide
mapping gel and subjected to in situ peptide mapping
with (A) 0.1 g and (B) 0.05 ;g of chymotrypsin. The
resulting peptides were then visualized by silver staining.
Lane 1, 2, and 3 are YP3, YP2, and YP1 polypeptide,
respectively.

ensional gel electrophoresis revealed distinctive
patterns (Fig. 2). The three yolk polypeptides fo-
cused over a broad pH range of approximately
5.95 to 6.54 with each number of the triplet to a
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Fig. 4. Double immunodiffusion of the yolk proteins. C,
purified yolk proteins; 1, full strength antisera; 2, 3, 4, 5,
and 6 contain the following dilutions of the antiserum in
sequence: 1/2, 1/4, 1/8, 1/16, and 1/32.

Table 1. Purification of yolk proteins in Drosphila sp.
(robusta species group).

. Total Yield
Fraction proteins
(%)
(mg)
Crude embryo extract 390 —
50-80% i Ifat
‘ ammonium sulfate 884 226
fraction

H,O-insoluble fraction 64.3 164
Final yolk protein fraction 30 9.2

slightly different pH.

Peptide mapping by limited proteolysis gave
different digestion patterns of each of the three
yolk polypeptides. Following chymotrypsin diges-
tion, YP1 and YP2 yielded some fragment of simi-
lar size and also some unique fragment (Fig. 3),
but the YP3 produce a unique pattern of frag-
ments (Fig. 3).

Double immunodiffusion of the yolk polypept-
des with antisera made to the triplet resulted in
the formaion of the three precipitin bands (Fig. 4).
These data were verified by Westem blotting using
the same antisera (Fig. 5). The triplet bands did
not detected in hemolymph samples derived from
3 days-old male and 1 day-old female (Fig. 5,
lanes 6 and 7), but they were detected in
hemolymph samples from 3 days-old female flies
after eclosion (Fig. 5, lanes 2-5).

Discussion

The isolation and characterization of the yolk
proteins have been accompliished in several spe-
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Fig. 5. Western blot of male and female hemolymph
proteins separated by the exponential gradient (8-15%)
SDS-polyacrylamide gel electrophoresis and reacted
with anti-yolk protein antiserum. Lane 1, purified yolk
proteins; lane 2, 10 days-old female; lane 3, 7 days-old
female; lane 4, 5 days-old female; lane 5, 3 days-old
female; lane 6, 3 days-old male; lane 7, 1 day-old
female hemolymph.

cies of Drosophila (Warren and Mahowald, 1979;
Mintzas and Kambysellis, 1982; Kambysellis et al.,
1986). Since the yolk proteins are of importance
for studying the sex-limited and tissue-specific
regulation of vitellogenesis, D. melanogaster were
extensively used as a model system (Bownes and
Hames, 1977; Bownes and Hames, 1978; Post-
lethwait et al., 1980; Gutzeit, 1980; Bownes and
Nothiger, 1981, Garabedian et al,, 1985; Hotzo-
polous and Kambuysellis, 1987b; Bownes and
Reid, 1990). However, no report on the yolk pro-
teins using D. sp. (robusta species group) is yet
available.

Our results indicate that the yolk proteins of D.
sp. consist of three unique polypeptides with simi-
lar molecular weight as shown in those of D.
melanogaster and D. grimshawi. The three yolk
proteins (YP1, YP2, and YP3) in three species of
Drosophila are similar in their molecular weights;
D. melanogaster : 47, 46, 44 KD/D. graimshawi -
46.7, 45.5, 43.7 KD/D. sp.: 48, 46, 45 KD (War-
ren and Machowald, 1979; Minitzas and Kam-
bysellis, 1982; Kambysellis et al., 1986).
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When examined by isoelectric focusing, each of
the three polypeptides has a slightly different pl.
Since the proteins were denatured prior to
isoelectric focusing in the present study, the differ-
ences in pl may be not due to variation in ex-
posed charges of common polypeptides, but due
to differences in the primary structure between the
three yolk proteins. The heterogeous pl values
upon isoelectric focusing may then be due to
posttranslational modification (Minitzas and Kam-
bysellis, 1982; Bownes, 1986). A more difinitive
examination of the relation between the three yolk
polypeptides comes from the peptide mapping by
limited proteolysis. Digestion with chymotrypsin
indicates that the three yolk polypeptides are
different. Double immunodiffusion of the three
yolk polypeptides and the antisera produces three
precipitin reaction. Western blotting using this
antisera shows that the three polypeptides may be
identical with the hemolymph vitellogenic proteins
of female fly.

The precusor-product relationship between the
hemolymph vitellogenic proteins and the yolk pro-
teins in Drosophila also appears unique among
the organisms investigated. In other organisms,
there appears to be major specific cleavages of
the vitellogenic proteins with widely varing sizes
(for review see Byme et al., 1989). This does not
appear to be the case in Drosophila. The vitel-
logenic and yolk proteins are very similar in size
even though they are clearly different polypeptdes
(Warren and Mahowald, 1979; Mintzas and Kam-
bysellis, 1982).

While the three yolk polypeptides in D. sp.
appear to be unique polypeptides on the basis of
two-dimensional gel electrophoresis, peptide
mapping, and immunological techniques, the ex-
act extents of differences need to be determined.
The chymotrypsin digestion patterns suggest a
similarity between YP1 and YP2. This finding is of
interest, since the ypl is more homologous, in
both sequence and structure, with yp2 than with
yp3 in D. melanogaster and D. grimshawi (Bamett
et al., 1980; Hung et al., 1982; Hotzopoulos and
Kambuysellis, 1987a). The work presented here can
facilitate further biochemical and developmental
genetic studies in D. sp.



January 1992

References

Allis, C.D., G.L. Waring, and A.P. Mahowald, 1977.
Mass isolation of pole cells from Drosophila melano-
gaster. Dev. Biol. 56: 372-381.

Bailey, B. C., 1984. The Production of Antisera. In:
Methods in Molecular Biology (J. M. Walker, ed.).
Humana Press, Cliton, New Jersey, Vol. 1, pp.
295-300.

Bamett, T., C. Pachl, J. P. Gergen, and P. C. Wensink,
1980. The isolation and characterization of Drosophila
yolk protein genes. Cell 21: 729-738.

Bownes, M., 1986. Expression of the genes coding for
vitellogenin {yolk protein). Ann. Rev. Entmol. 31:
507-531.

Bownes, M. and B. D. Hames, 1977. Accumulation and
degradation of three major yolk proteins in Drosophila
melanogaster. J. Exp. Zool. 200: 149-156.

Bownes, M. and B.D. Hames, 1978. Analysis of yolk
proteins in Drosophila melanogaster. FEBS Lett. 96:
327-330.

Bownes, M. and R. Nothiger, 1981. Sex-determining
genes and vitellogenin synthesis in Drosophila melano-
gaster. Mol. Gen. Genet. 182: 222-228.

Bownes, M. and G. Reid, 1990. The role of the ovary
and nutritional signal in the regulation of fat body yolk
protein gene expression in Drosophila melanogaster.
J. Insect Physiol. 36: 471-479.

Brennan, M. D., A.J. Goralski, and A. P. Mahowald,
1982. The follicle cells are a major site of vitellogenin
synthesis in Drosophila melanogaster. Dev. Biol. 89:
225-236.

Byme, B. M., M. Gruber, and G. Ab, 1989. The evolu-
tion of egg yolk proteins. Prog. Biophys. Molec. Biol.
53: 33-69.

Cleveland, D. W., S. G. Fischer, M. W. Kirschner, and U.
K. Laemmli, 1977. Peptide mapping by limited pro-
teolysis in sodium dodecyl sulfate and analysis by gel
electrophoresis. J. Biol. Chem. 252: 1102-1106.

Garabedian, M. S., M-C. Hung, and P. C. Wensink,
1985. Indepedent control elements that determine
yolk protein gene expression in alternative tissues.
Proc. Natl. Acad. Sci. USA 82: 1396-1400.

Gutzeit, H. O., 1980. Yolk synthesis in ovarian follicles
of Drosophila. Wilhem Roux Arch. Dev. Biol. 189:
221-224.

Handler, A. and J. Postlethwait, 1978. Regulation of
vitellogenin synthesis in Drosophila by ecdysterone
and juvenile hormone. J. Exp. Zool. 206: 247-254.

Hotzopolous, P., and M. P. Kambuysellis, 1987a. Isolation
and stuructural analysis of Drosophila grimshawi vitel-

Kim et al. — Yolk Protein Purification in Drosophila 21

logenin genes. Mol. Gen. Genet. 206: 475-484.

Hotzopolous, P., and M.P. Kambysellis, 1987b. Dif-
ferential and temporal expression of the viteliogenin
genes in Drosophila grimshawi. Mol. Gen. Genet. 210:
564-571.

Hovemann, B., R. Galler, U. Walldorf, H. Kupper, and
E. K. Bautz, 1981. Vitellogenin in Drosophila melano-
gastrer : Sequence of the yolk protein 1 gene and its
flanking regions. Nuceic Acids Res. 9: 4721-4734.

Hung, M-C., T. Bamett, C. Woolford, and P. C. Wen-
sink, 1982. Transcript maps of the Drosophila yolk
protein genes. J. Mol Biol. 154: 581-602.

Kambysellis, M. P., P. Hatzopoulos, E. W. Seo, and E.
M. Creddock, 1986. Non-coordinate synthesis of the
vitellogenin proteins in tissues of Drosophila grimsha-
wi. Dev. Genet. 7: 81-97.

Laemmli, U.K., 1970. Cleavage of structural proteins
during the assembly of the bacteriphage T,. Nature
227: 680-685.

Lowry, O., A. Rosebrough, A. Farr, and R. Randall,
1951. Protein measurement with the folin phenol rea-
gent. J. Biol. Chem. 193: 226-275.

Mintzas, A. C. and M.P. Kambysellis, 1982. The yolk
proteins of Drosophila melanogaster : Isolation and
characterization. Insect Biochem. 12: 25-33.

O’Farrell, P. H,, 1975. High resolution two-dimensional
electrophoresis of proteins. J. Biol. Chem. 250:
4007-4021.

Ouchterlony, O., 1958. Diffusion-in-gel methods for im-
munological analysis, In: Progress in Allergy (P. Dal-
los, ed.), Karger, Basel and New York. vol. 5, pp.
1-78.

Postlethwait, J. H. and A. M. Handler, 1979. The role of
juvenile hormone and 20-hydroxyecdysterone during
vitellogenesis in isolated abdomens of Drosophila
melanogaster. J. Insect Physiol. 25: 455-460.

Postlethwait, J. H., M. Bownes, and T. Jowett, 1980.
Sexual phenotype and vitellogenin synthesis in Dro-
sophila malanogaster. Dev. Biol. 79: 379-387.

Riddel, D. C., M. J. Higgins, B. J. McMillan, B. N. McMil-
lan, and B. N. White, 1981. Structural analysis of the
three vitellogenin genes in D. melanogaster. Nucleic
Acids Res. 9: 1323-1338.

Travaglini, E. C. and D. Tartof, 1972. Instant Drosophila
: A method for mass culturing large numbers of Dro-
sophila. Drosphila Inform. Serv. 48: 157.

Towbin, H., T. Steahelim, and J. Gordon, 1979. Elec-
trophoretic transfer of proteins from polyacrylamide
gel to nitrocellulose sheets: Procedure and some ap-
plication. Proc. Natl. Acad. Sci. USA 76: 4350-4354.

Warren, T. G. and A. P. Mahowald, 1979. Isolation and
partial chemical charaterization of the three major yolk
polypeptides from Drosophila melanogaster. Dev. Biol.



22 Korean J. Zool.

Vol. 35, No. 1
68: 130-139. {Accepted November 30, 1991)

Drosophila sp.(robusta species group)e| & CulZE|o}

=
A S e o]

=] % =
=2 ¥ 22 siaiy 54

=
R R R B i A R B B i B
WA, e sl e Bebe 9 Al shel T e])

A5z sbe| (Drosophila sp.; robusta species groupioll 4| 34-5-2) oF3b vha 2.0 B gled ¥
perel Lo 2 dsledvl, SDS-polyacrylamide gel = /]00‘ -0 A A5 ekl YP1o|
48,000, YP27} 47,000, “1e]1n YP37} 46,0000] ¢lck. 352 wbgd ohal —iv{- limited pro-
t(()]vsls & in site peptide mapping &% A A %] peptides okabo] 4 5 ubyle], 221¢] 7| od
T R-Aet o] B SR pH 5,920 4 6. 5400 o]t o] A Al RFE MGk Xoal
Arbis ATzt o] yhsb b Ao 3552 polypeptide® 4 5 9 -85

R-oa Al 4kslksdeh



