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Protein Contents During Qocyte Development and
Some Characteristics of Egg-Specific
Protein in Lucilia illustris
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ABSTRACT Changes in protein content during cocyte development was measured and egg-specific protein was
characterized from the eggs in Lucilia iflustris. During normal development ovarian protein was rapidly
increased at 72 hr and reached maximum at 96 hr after a protein meal, when the eggs were fully
matured. Purified protein from the ovaries by gel filiration of DEAE-cellulose and Sephacryl 5-200
was loaded on 75% native polyactylamide gel electrophoresis and identfied at B, 04 as egg-specific
protein, which has a mol wt of 110,000. A total of 13 amine acids in the egg-specific protein
was identified and especially asparagine, glutamic acid, and tyrosine were highly concentrated Five
fatty acids were also identfied. It is suggested that there is a specific protein in the eggs of L.
illustris except yolk protein synthesized and secreted by fat body.
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Oogenesis in insects mainly depends on the up- et al 1989).
take of extra-ovarian protein, especially vitellogenin On the other hand, a different kind of yolk pro-
which is synthesized in the fat body and teleased tein, synthesized in the ovaries themselves and cont-
into the haemolymph (Engelmann 1969, Wyatt and ributed to the protein stores during oogenesis, has
Pan 1978, Yin et al. 1988). In many insects vitello- been studied in several insect species (Ide and
genin and wtellin (major yolk protein) have been Yamashita 1983, Shirk 1987, Kawoova et al. 1988,
characterized and provided a good systern for the Kawooya and Law 1988). The ability of an insect
study of hormonal control of egg maturation (Zou ovary to synthesize proteins was first reported in

Department of Agricultural Biclogy, Chonbuk Natonal University, Choryu 560-756 Korea (150 gt &2 8 548 8=

—140-



June 1995

Hyalophora cecropia by Melius and Telfer (1969,
and Anderson and Telfer(1969) showed the follicu-
lar epithelial cells were the site of protein synthesis.
These proteins have been referred to as paravitello-
genin in H cecrapia (Telfer et al. 1981); volk poly-
peptide in Plodia interpunctella {Shirk 1987); ovary-
specific proteins in mosquitoes {Borovosky and Van
Handel 1980); follicle-specitic proteins in Manduca
sexta (Tsuchida et ai, 1992); and egg-specific protein
in Bombyx mori (Iie and Yamashita 1983). The
protein from B. mori was purified and characterized
: it contains 2% carbohydrate and about 4% lipid,
with a molecular weight of 125,000 {lde and Yama-
shita 1983) and is predominantly phosphorylated
in a cAMP-dependent manner in the late develop-
mental stages of the ovary (Takahashi 1987).

In the previous reports we have been purified and
characierized vitellin (Lee et al 1992), analysed
amino acids and fatty acids in the ovaries {Lee et
al. 1994), and studied on juvenile harmone control
of oacyte development {Lee et al. 1995) in the blo-
wily, Lucifia iflustris. In the present paper, we report
on changes in protein content during cocyte develo-
pment and some properties of egg-specific protein
in the egg, not observed yet at all, of L. illustris.

MATERIALS AND METHODS

Insects

The blackblow fly, Lucilia illustris, was reared by
standard methods (Sing and Moore 1985). Adults
were maintained on sugar granule and water in 25
+ 2°C chambers with 55+ 5% relative humidity and
16h of light daily. To induce synchronization of
ovary maturation. flies were fed on fresh beef liver
as a protein meal on day 6 after emergence. Follo-
wing a protein meal eqgs were collected every 24h
for 5 days and were stored at —20°C immediately
until used.

Oocyte Development and Protein Measure-
ments

Cacyte development was determined by measu-
ring the terminal cocyte length which reflects the
state of cocyte maturation, Ovarles of non-liver fed
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and liverfed flies were dissected out in saline solu-
tion and length of terminal cocytes were measured
using an ocular micrometer.

Proteins in fat body, haemolymph, and ovares
were determined by Bradford (1976) with bovine
serum albumin as the standard. Haemaolymph samp-
les were obfained from small surgical incisions at
the base of wings and diluted 20-fold with a phos-
phate buffer saline (PBS, 0.02M KH.PO. 0.3M
NaCl, pH 7.0) before proten was assayed. Fat ho-
dies and ovaries were dissected out from females,
rinsed in saline solution, homogenized in PBS, and
assayed for protein content.

Purification of Crude Extracts

For ypurification of egg-specific protein, about lg
of the eggs at 96 hr after a protein meal was ground
in a glass-Teflon homogenizer in 10ml of 0.05M
phosphate buffer, pH 7.5 contalning 0.15M KCl and
1mM phenyl methylsulphonyl fluorde PMSF). Un-
less otherwise stated, the same buffer solution was
used through all purification steps. The homogenate
was centrifuged at 10,000g for 10 min at 4°C and
the supematant was used for the puification listed
in the following section.

Chromaiography on DEAE-cellulose

Throughout the column chromatography, protein
was monitored at 280 nm {Zou et al 1988}, The
crude egg extract (about 200 mg protein/10 mi) was
applied to a column of DEAE-cellulose (DE 23, 2.0
cm 1.d.X 30 cm) previously equilibrated with the bu-
ffer, The materlals were eluted first with 200 ml of
buffer and then with a linear KCl gradient from (.15
to 05 M The fractions eluted with 0.35 M KCI
were pooled and were concentrated with an immer-
sible CX-10 ultrafilter (Millpore Co., Bedford, US.A).
This sample (about 20 mg proteins/ml] was subjec-
ted to gel pemmeation chromatography.

Chromatography on Sephacryl S-200

The preparation (@0 mg proteins/2 ml) was app-
led to a Sephacryl 3-200 (Pharmacia Fine Chemi-
cals, Uppsala, Sweden) column (2.6 cm id. X35 em)
equilibrated previously with the buffer (Irie and
Yamashita 1983). Proteins were eluted with the
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same buffer at a flow rate of 10mi/hr. Fractions
containing egg-specific protein were pooled and co-
ncentrated as above. The concentrated samples (0.5
ml) were subjected to a second Sepﬂacryl 5-200
column {1.5cm id. X80 cm) which was eluted with
0.5M phosphate buffer, pH7.5 at a flow rate of
5mi/hr. Again the fractions containing egg-specific
protein were pooled and concentrated as above.

Polyacrylamide Gel Elecirophoresis

Haemolymph, fat body, ovary extracts, vitellin and
purified egg-specific protein were loaded to polyacr-
ylamide gel electrophoresis in 5~9% gels at pH 84,
and sodium dodecyl sulphate (SDS} polyacrylamide
gel electrophoresis in 5~10% with a Tris-glycine
buffer system, pH 84 {Laemmli 1970). Proteins were
visualized by staining with Coomassie brilliant blue
R (Sigma Chemical Co.,, St Louis, US.A) followed
by destaining. Molecular weights were determined
by native (Hedrick and Smith 1968} and SDS poly-
acrylamide gel electrophoresis (Laemmli 1970) using
protein standards obtained from Sigma Co.

Chemical Analyses

Egg-specific protein sample and ovary at 96 hr
after protein meal was hydrolyzed in 6N HCl at
110°C in vacuo for 24h and analyzed by Firling
(1977) on a JEOL JLC-6AH amino acid analyzer
(Japan). Fatty acids were extracted from the ovary
(96 hr) and purified sample of egg-specific protein
with 1ml of chloroform-methanol (2:1 v/v) accor-
ding to the methods of Fireston and Horwitz {1979).
The extracts were esterified by 14% methanolic BF3
and analyzed by gas chromatography (663-60, Hita-
chi Co., Japan).

RESULTS AND DISCUSSION

Oocyte Maturity and Changes in Protein
Content

Results summarized in Fig 1 showed that when
female flies were given a protein meal, cocytes were
developed synchronously. Length of terminal oocy-
tes was increased throughout 48 and 72 hr after
a protein meal and reached maximum at 120 hr
Between 72 and 120 hr, changes of terminal oocy-
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Fig. 1. Length of terminal cocyte in L. illustris at va-
rious times affer a protein meal. Data were the average
of three preparations conducted in duplicate. The error
bats represent the standard deviation.

tes in size showed plateau which means that oocytes
of L. illustris females had been grown up at 96 hr
after a protein meal.

Depending upon the above data, changes of pro-
tein contents in fat body, haemolymph, and ovaries
were measured every 24 hr for 5 days after a pro-
tein meal as shown in Table 1. Protein in fat body
started increasing at 24 hr after a protein meal and
reached maximum at 72 hr, then began to decrea-
sed, whereas in haemolymph it built up rapidly at
72 hr, and thereafter it rapidly decreased.

On the other hand, a small amount of ovarian
protein was detected by 48 hr after a protein meal,
but its content then increased suddenly during the
next 24 hr, after which the level remained approxi-
mately constant for the next 48 hr. The profiles of
protein in L. iflustris are thus somewhat similar to
those found in Musca domestica (de Bianchi et al
1988) and Phormia regina (Zou et al. 1988). Our
time course study of the appearance of protein con-
tents implicated that protein was first synthesized
in the fat body and secreted into the haemolymph.
From there protein was sequestered by developing
eag. Growth of the ovaries showed high levels bet-
ween 72 and 120 hr, at which time oocytes become
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Table 1. Protein contents in fat body, haemolymph, and ovary of L. illustris
female adult after a protein meal

Fat body {(ug/fly)

Hours after a protein meal

Haemolymph (pg/mi) Ovary (ug/ovary)

0 350+ 0.14
24 3760+ 530
48 8050+ 23.00
72 161.60+ 31.70
26 9420+ 820
120 12100+ 930

430+ 040 210+ 014
890+ 090 660+ 225
2230+ 870 1350+ 4.80
3470+ 454 102.30+19.30
1950+ 10,00 16800+ 740
2400+ 4.80 143.30+ 1.80

mature These data(Fig. 1 and Table 1) will basically
be used for further work on changes in egg-specific
protein content during cogenesis what we are being
planned.

Purification of Egg-specific Protein

In the following we have focussed on to clarify
if the eggs of L illustris have synthesized a specific
protein themselves like H. cecropia (Telfer et al
1981), B. mori (lie and Yamashita 1983), and P.
interpunctelfa (Shirk 1987). As mentioned in Mate-
rials and Methods egg-specific protein from the ova-
ries was purified using gel permeation chromatogra-
phy. Separation of protein from the ovaries was
achieved by anion exchange chromatography on
DEAE-celluiose columm. Protein was monitored by
the absorbance profile at 280 nm. In 0.15~0.5M
KCl at pH 7.5, the proteins in fractions 45~70, pre-
sumably containing vitellin, appeared as the second
and third sharp peaks of bound protein at the addi-
tion of 0.35M KCI (Fig. 2).

The purified protein was subsequently used to gel
filtratlon on Sephacmyl S-200. By rechromatography
on a Sephacryl 5-200 column, egg-specific protein
was eluted in a single symmetrical peak as shown
in Fig. 3 (Ide and Yamashita 1983).

Polyacrylamide Gel Electrophoresis and Mole-
cular Weight Determination

The proteins extracted from the eags of L. illustris
separated into at least eight bands on a 6% polyacy-
lamide gel electrophoresis (Fig. 4C). Egg-specific pro-
tein was identified as a band of Rf 0.4 which was
absent from male and female haemolymph (Fig. 44,
B). The apparent mol. wt of native egg-specific pro-
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Fig. 2. Elution pattem of anion exchanges chromatog-
raphy on a DEAE-cellulose column{Z0cm id. by 30
cm). Unbound pretein was eluted with OM KCl in the
phosphate buffer, The bound protems showing two
pealss {amows) were eluted with linear gradient (0.156~
05M KCl) at a flow rate 30mli/hr and were pooled
according to Ire and Yamashita {1983)

tein was estimated by SDS-polyacrylamide gel elect-
rophoresis (Fig, 5) that gave a linear relationship bet-
ween relative motility and the semilogarithm of mol.
wis of six protein standards, from which a mol. wt
of 110,000 was estimated for egg-specific protein
of L. illustris {Fig 5). Irie and Yamashita {1983) re-
potted that in B. mori the mol. wt of 130,000 esti-
mated by Sephacryl S-200 column was somewhat
higher than that of 120,000 by the native polyacry-
lamide gel electrophoresis and this difference was
possibly due to the asymmeiry of the molecule ar
to the presence of a carbohydrate chain or to both.
Takahashi (1987) identified the band 2 protein as
egg-specific protein of the eggs in B. mor. The ra-
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Fig. 3. Fluhon profile of egg-specific protein on the
second Sephacryl 5-200 column chromatography. Par-
tially purified samples {20 mg/0.5 mi) after the first Se-
phacryl S-200 chromatography were applied onto a se-
cond Sephacryl 5-200 column chromatography. The
column was eluted with 0.1 M phosphate buffer, pH 7.5
at a flow rate of 5mi/hr and f{raction size was 2 mi.

A B D

Fig. 4. Bands of proteins prepared from male haemol-
ymph {A}, female haemolymph (B}, ovary extracts (C),
vitellin (D), and purified egg-specific protein (E) using
6% polyacrylamide gel electrophoresis. Each gel contai-
ned about 50~100 ug protein was stained with Coo-
massie brilliant blue. Vit; vitellin, ESP, egg-specific pro-
tain.

c

4ESP

4Vt

diocactivity m hydrolysates of ESP appeared to be
in the form of serine phosphate{15—25%) and inor-
ganic phosphate(75~—85%). This protein was predo-
minantly phosphomylated in a ¢cAMP-dependent ma-
nner in the late developmental stages of the avary.

Vol. 34 No. 2

200

100

50

MW x10°

00

10 L 1 L L 1
a2 04 05 03 10

RELATIVE MOBILITY (Rf)

Fig. 5. Molecular weight estimation of egg-specific pro-
tein and semilogarismic regression line between log
molecular weight of standards and their relative mobility
by a SDS polyacrylamide gel electrophoresis. Marker
proteins are as follows: a; myosin (205,000), b; f-galac-
tosidase (116,000), ¢; phosphorylase (97,000), d; bovine
albumin (66,000), e; egg albumin ([45,000). f; carbonic
anhydrase (29,000).

Protein kinase inhibitor protein from rabbit skeletal
muscle was shown to inhibit the phosphorylation,
indicating the involvement of cAMP-dependent pro-
tein - kinases in phosphorylation of ESP. Tsuchida
et al. (1992) have suggested that two proteins were
synthesized in developing follicles isolated from the
eqgs of M sexta. One had a molecular mass of
130KDa and was compased of two identical 65
KDa subunits. This protein was glycosylated and
phosphorylated. The other had a molecular mass
of 140 KDa and was composed of two 40 and two
35 KDa subunits. The second ane was glycosylated
but not phosphorylated. Accordingly, molecular wei-
ght of eog-specific protein in the eggs of L. illuskis
was similar to thase of B, mori and M. sexta but
not ascertained if it has subunit so that further expe-
riment will be required to clarfy this situation.

Composition of Amino Acids and Fatty Acids
The amino acid compaosition of egg-specific pro-
tein was shown in Table 2 along with that of ovary
for compaxson. A total of 13 amino acids was dec-
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Table 2. Amino acid composition (mol%)} of egg-spe-
cific protein and ovary in L. illustris

Korean J. Appl. Entomol. 145

Table 3. Fatty acid composition of egg-specific pro-
tein and ovary in L. illustris

Amino acid Egg-specific Ovary* Fatty acid Egg-specific Ovary*
protein protein (ug/mg) {ug/ovary)
Asparagine 154 138 Palmitic acid 567 9265
Threonine 7.3 56 Palmitoleic acid 842 117.15
Senne 69 58 Stearic acid 211 10.75
Glutamic acid 163 184 Oleic acid 7.25 79.90
Glycine 82 6.4 Linoleic acid — 18.80
Ala_nme 24 73 The values represent the average of two replications,
Valine 6.7 70 *96hr after a protein meal (Lee et a 1994)
[soleucine 59 56 '
Tyrosine 7.0 105
Phenylalanine 55 4.5 mon either in terms of the site of synthesis, molecu-
Histidine 40 31 lar weight and subunit composition or chemical co-
Cysteine 22 40 mposition. The B. mari egg-specific protein, localized
Arginine 52 8.2

*The ovary sample was hydrolyzed at 96 hr after a
protein meal.

tected and egg-specific protein was rich in aspara-
gine, glycine, alanine and glutamic acid. It is appa-
rent that there is some similarity between egg-speci-
fic protein and ovar.

In B. mori (Iie and Yamashita 1983), 17 amino
acids of egg-specific protein were isolated and
among them glutamate/glutamine, aspartate/sapara-
gine, glycine and setine were rich. In case of follicle-
specific protein in M. sexta, 16 amino acid composi-
tion was reported (Tsuchida et al 1992), Comparing
with B, mori and M. sexta, a small number of amino
acids in egg-specific protein in L. fllustris was detec-
ted and it is thought to be due to technical difficul-
ties, More precise analysis must be needed though
it was a comparison between the different orders
with one another.

Extracted fatty acids were subjected to gas chro-
matography to separate the components. As shown
in Table 3, palmitic acid, palmitoleic acld, stearic
acid, and oleic acid in the egg-specific protein were
the main components of fatty acids and linoleic acid
was also found at a trace level, but its quantity was
not measured.

Eag-specific proteins in several species of holome-
tabolous insects have now been shown, however,
it is noteworthy that the protens have iittle in com-

in the follicle cells and yolk sphere, has a 125,000
dalton protein containing one subunit with mol. wt
of 55000, 2% carbohydrate and 4% lipid. which
are consumed during early embryogenesis (Iie and
Yamashita 1983, Yamashita and Indrasith 1988) th-
rough the action of a specific protease (Indrasith
et al. 1988). Egg-specilic proteins may be an impor-
tant source of amine acids for early embryogenesis,
since B. mori larvae can hatch from vitellin-deficient
eqgs (Yamashita and Irie 1980) Based on this ob-
servations, we tentatively conclude that the ovary
of L. illustris has egg-specific protein which is a
110,000 dalton protein containing 13 amino acids
and b fatty acids besides volk protein. However, the
exact properties of egg-specific protein In L. illustris
will have to await further experiments such as wes-
tern blat, immunaodiffusion and immunohistochemis-

try,

Aknowledgement.

This work was supported by Korea Science and
Engineering Foundation grants (No. 921-0400-036-
2} We wish to thank Dr. Tae-Heung KIM at Depart-
ment of Agricultural Biclogy, Chonbuk National
University for his critical comrection of the manuscript
and Miss Kyung LEE for insect care,

REFERENCES

Anderson, L. M. & W. H. Telfer. 1969, A follicle cell
contribution to the yolk spheres of moth cocytes, Tis-



146 ¢z L EZTEE

sue and Cell 1: 633-644.

Bianchi. A G. de, M. Coutinho, 5. D. Pereira, O. Man-
noti & H. J. Targa. 1985. Vitellogenin and vitellin
of Musca domestica: quantification and synthesis by
fat bodies and ovaries. Insect Biochem. 15 77-84.

Borowsky, D. & E. Van Handel 1980. Synthesis of
ovary-specific proteing in mosquitoes. Int. J. Inwvert.
Reprod. 20 153-163.

Bradford, M. M. 1976. A rapid and sensitive method
for the quantitation of microgram quantities of pro-
tein utilizing the principle of protein dye binding.
Analyt. Biochem. 72 248-254.

Engelmann, F. 1969. Insect vitellogenin: identification,
biosynthesis and role in vitellogenesis. Adv. Insect Ph-
ysiol. 14: 49-107.

Firestone, D. & W. Horwitz 1979. [UPAC gas chroma-
tographic method for determination of fatty acid co-
mposition. J. Assoc Anal Chem. 62 709-713.

Firling, C. E. 1977. Amino acid and protein changes
in the haemelymph of developing fourth instar Chi-
ronarnus tentans. J. Insect Physiol 23: 17-22.

Hedrick, J. L. & A, J. Smith. 1968, Size and charge
isomer separation and estimation of molecular wei-
ghis of protein by disc gel electrophoresis. Archs Bio-
chem. Biophys 126 155-164.

Indrasith, L. S, T. Furusawa, M. Shikata & O. Yama-
shita. 1987. Limted degradation of vitellin and egg-
specific protemn in Bormbyx eggs during embryogene-
sis. Insect Biochem. 17 539-545.

I, K. & O. Yamashita. 1983. Egg-specific protein in
the silkworm, Bombyx mori: Purification, properties,
localization and titre changes during oogenesis and
embryogenesis Insect Biochem. 13 71-80.

Kawooya, J. K. & J. H. Law. 1988, Role of lipophorin
in lipid fransport to the insect egg. J. Biol Chem.
263: 87488753

Kawooya, J. K, E. O. Osir & J. H. Law. 1988. Uptake
of the major hemolymph lipoprotein and its transfor-
mation in the insect egg. J Biol Chem 263: 8740-
8747,

Laemmli, U. K 1970, Cleavage of structural proteins
during the assembly of the head of bacteriophage
T4. Nature. London. 227 680-685.

Lee, J. J, H K Lee, K Y Jhang & K. R. Lee 1992,
Yolk protein and the cocyte development in Lucilia
iilustris. Kor. J. Entorn. 22 263-272.

Lee, J. J. H. K. Lee & M. Y. Cho. 1994. Changes

Vol. 34 No.2

in amino acid and fatty acid compositions of Lucilia
illustris during eqg development Thesis of Chonbuk
National University, 38 191-195,

Lee, J 4, H K lLee M. Y. Choi, C. U Lee & K R
Lee. 1995, Juvenile hormone control of cocyte de-
velopment in Lucilia illustris. Kor J. Entorn 25(2) 89-
97.

Melius, M. E. & W. H. Telfer. 1969, An autoradiogra-
phic analysis of yolk deposition in the cortex of the
cecropia moth cocyte, . Morphol. 129. 1-15,

Shirk, P. D. 1987, Comparison of yolk proeduction on
seven pyrald moth species. Int J Invert Reprod.
Deuv. 11: 173-188.

Sing, P. & R. F. Moore, 1985 Handbook of insect rea-
ring. Vol 1 & 1. Elsevier. Amsterdam.

Takahashi, S. Y. 1987, Studies on the phosphorylation
of ovatian proteins from the silkwortm, Bombyx mori:
Identification of band 2 protein as egg specific pro-
tein. Insect Biochem. 17. 141-152.

Telfer, W. H, E Rubenstein & M. L. Fan. 1981. How
the ovary makes yolk in Hualophora. In Regulation
of Insect Deveiopment and Behavior (Edited by Seh-
nal F, M. Zabza, J. J. Mann & B. Cymborowski},
pp637-654. Wroclaw Technical University, Wroclaw.

Tsuchida, K., J. K. Kawoova, J. H. Law & M. AL Waells.
1992, Isolation and characterization of two follicle-
specific proteins from eggs of Manduca sexta. Insect
Biochem. Molec. Biol 22 89-98.

Wyatt, G. B & M. L Pan. 1978 Insect plasma proteins.
A. Reu. Biochem. 47 779-817.

Yamashita, O. & L. § Indrasith. 1988. Metabolic fates
of yolk proteins during embryogenesis in arthropods.
Dev Growth Diff. 300 337-346.

Yamashita, 0. & K Irde 1980. Larval hatching from
vitellogenin deficient eggs developed in male hosts
of silkworm Nature. 283: 385-386.

Yin, C. M, B. X Zou & J. G. Stoffolano, Jr. 1989,
Precocene Il treatment inhibits cocyie development
but not vitellogenin synthesis and release in the black
blowfly, Phormia regina Meigen. J. Insect Physiol 35:
465-474

Zou, B. X, J. G. Stoffolano, Jr, J. H. Nordin & C
M. Yin. 1988, Subunit composition of vitellin, and
concenfration profiles of vitellogenin, and vitellin in
Pormia regina (Meig) following a protem meal
Comp. Biochem. Physiol 9 861-867.

(Received April 4, 1995)



