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Abstract

The site of synthests of molluses lipoproteins is little known and was investigated for the egg lipoprotein perivitellin 1 (PV1)
or ovorubin in the freshwater snail Pomacea canaliculata. Tissues {albumen gland, gonad—digestive gland complex and mus-
cle} of vitellogenic females were incubated in vifro at 25°C for 12 h with “*C Leucine. After that, soluble proteins from tissue
homogenates and medium samples were analysed for de novo protein synthesis by electrophoresis and HPLC, and radiolabelled
proteins quantified by liquid scintillation. Gonad—digestive gland complex did not synthesise ovorubin, in spite its high pro-
tein synthesis levels. Three albumen gland radiolabelled proteins (35, 32 and 28 kDa) comigrated with the subunits of ovorubin
and represented 1.3% of the total labelled protein of that tissuc. Western blot analysis with polyclonal antibodies confirmed
that these were ovorubin subunits. fr vivo experiments where vitellogenic females were injected with *H Leucine, revealed
that ovorubin was not present in hemolymph. ELISA analysis confirmed ovorubin presence only in albumen gland and devel-
oping eggs with levels of 800 and 582 mg/g protein, which represent 30.3 and 28.4 mg ovorubin/g of tissue, respectively.
Therefore, albumen gland is the single site of ovorubin synthesis as no extragland synthesis, circulation or accumulation could

be detected in the apple snail. (Mol Cell Biochem 243: 9—14, 2003)
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Introduction

During vitellogenesis the main components of the cgg vitcl-
lus such as lipids, proteins and carbohydrates are synthesised.
Vitellus proteins are named vitellins or, if they contain lip-
ids, lipovitellins [ 1], and have different origins. In vertebratcs,
they are usually synthesised in the liver, released to circula-
tion as precursor particles called vitellogenins, taken up by
the ovary and incorporated into the developing oocyte (het-
erosynthetic mechanism). In insects and some crustaceans
this mechanism is similar to that in vertebrates, while in other
crustaccans it has been reported that the ovary as well as
other tissues are involved in this process, thus showing ei-
ther autosynthetic or heterosynthetic mechanism of vitel-
logenesis [2, 3]. In comparison, little is known about this
process in molluscs. In cephalopods {4] and some gastropods
[5, 6] heterosynthesis (e.g. vitellogencsis outside the ovary)

seems to be the main yolk forming process. Gastropod vitel-
lins have been described in the cocytes of Helix [6], Helisoma
[7] Lymraea, and Planorbis [8]. Unlike this general mecha-
nism, most gastropods have a perivitelline fluid, mainly syn-
thesised by accessory glands of the female reproductive tract
called albumen gland, that represents the major source of
nutrients for the embryo. Therefore, proteinaceous yolk gran-
ules found in developing eggs do not serve the purpose of
nutrient storage, but they function as primary lysosomes in
charge of perivitelline fluid digestion instead [4]. The ap-
ple snail, P canaliculata belongs to this latter group where
yolk is a minor source of nutrients to the embryo. This fresh-
water snail is a plague of ricc crops in Asia, and it is the
vector of the human meningoencephalitis. Our laboratory
has been studying the perivitelline fluid trying to understand
its biochemistry during embryogenesis. Two lipoproteins
perivitellin-1 {PV1) or ovorubin, and perivitellin-2 (PV2)
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and one lipopoprotein fraction (PV3) were isolated [9], where
ovorubin represents the major egg protein.

Ovorubin was first described by Cheesman [10] as a glyco-
protein which has a carotenoid (astaxanthin) as a prosthetic
group. Our laboratory further characterised it as a lipoglyco-
carotenoprotein of very high density (VHDL, 1.26-1.28 g/
ml), with a molecular mass of 300 kDa, and constituted by
three apoprotein subunits of 28, 32 and 35 kDa. Its lipid con-
tent was only 0.3%, represented by free sterols and phos-
pholipids [9].

Studying the synthesis, distribution and storage of P. canali-
culata PV2 we determined that the albumen gland was the
only tissue able to synthesise this lipoprotein, though it was
not possible to detect any circulating form of this particle
[11]

In the present report, we centred our attention in the apple
snail ovorubin detcrmining its synthesis site using in vitro
tissue cultures, as well as its distribution, ix vive circulation,
and levels in eggs and organs.

Materials and methods

Snails

Adults of P canaliculata were collected in streams or ponds
near city of La Plata, Buenos Aires province, Argentina. Eggs
were collected from females either raised in our laboratory
taken from the wild between November and April (reproduc-
tive season). All egg masses used had embryos developed to
no more than the morula stage. Embryo development was
checked in each egg mass microscopically.

Tissue extracts

Albumen gland, gut, stomach, lung, muscle and digestive
gland—gonad complex were dissected from 3—4 females, re-
peatedly rinsed with ice-cold 20 mM Tris-HCI, pH 6.8, con-
taining 0.8 pM aprotinin {Trasylol, Mobay Chemicals, New
York, USA} and homogenised in a Potter type homogenizer
(Thomas Sci., Swedesvoro, NJ, USA). The relation buffer:
sample was kept at 5: 1 v/w. Fertilised eggs were homogceniscd
in the same fashion. The crude homogenates were then soni-
caled for 15 sec and centrifuged sequentially at 10,000 x g
for 30 min and at 100,000 % g for 60 min. The pellet was
discarded and the supernatant stored at—70°C until analysis.
Hemolymph was collected by cardiac puncture with a | ml
syringe with G22 needle. By this procedure, it is possiblc to
obtain 2-% ml from cach adult. Protein content was deter-
mined by the method of Bradford ei al. [12] using bovine
serum albumin as standard.

Ovorubin isolation and purification

The egg soluble protein obtained using the above procedure
was purified in a MerleHitachi high performance liquid chro-
matograph (HPLC) (Hitachi, Tokyo, Japan) with a L-6200
Intelligent Pump and a L-4200 UV detector setat 280 nm. A
serial purification was done, the sample was analysed in a
Mono Q HR 10/10 {Amersham-Phamacia, Uppsala, Swe-
den) using a gradient of 0—~1 M NaCl in a 20 mM Tris-HCI
buffer. The ovorubin peak was then further purified by size
exclusion chromatography (Superdex 200 HR 10/20, Amer-
sham-Pharmacia, Uppsala, Sweden) using an isocratic gra-
dient of sodium phosphate buffer 50 mM, 150 mM NaCl, pH
7.6. Purity of the single peak obtained was checked by na-
tive clectrophoresis.

Anti-PV rabbit serum preparation

Antibodies directed against purified PV, were prepared in
rabbits. Animals were given multiple subcutaneous injections
of'about 1.5 mg of ovorubin cmulsificd in Freund’s complete
adjuvant {Sigma Chemicals, St. Louis, MO, USA). A booster
injection with about 1.5 mg antigen mixed with Freund’s in-
complete adjuvant was administered after 4 weeks. Two weeks
later, the rabbits were bled through cardiac puncture. The
collected blood was allowed to clot overnight (4°C) and af-
ter centrifugation the serum obtained was stored at —70°C,
and used in the immunochemical techniques. The specificity
of the antiserum was verified by immunoblotting against all
the fractions obtained from tissues. The antiserum reacted
only with ovorubin fraction.

Gel electrophoresis

Proteins were measured by the method of Bradford er ol [12].
Protein subunits and apoproteins were analysed by sodium
dodeeyl sulfate (SDS)-PAGGE using a gradient of 4—15%
acrylamide [13]. The gels were stained with Coomassie Bril-
liant Blue R-250 (Sigma Chemicals),

Immunoblotting

For Western blots, proteins were separated by SDS-PAGE
clectrophoresis and electroblotted for 1.5 h at 12 V {Trans-
Blot SI> Semi Dry Transfer Cell, Bio Rad, Hercules, CA,
USA) into nitrocellulose membranes using 39 mM Tris 48
mM Gly, pH 9.2, 20% MeOH buffer [14]. After blocking
overnight at 4°C with 3% (w/v) non fat dry milk in 10 mM
Tris-HCI, pH 7.4, 0.15 M NaCl, the membranes were incu-
bated for 2 h with the anti-ovorubin serum diluted (1:1,000)




in 10 mM Tris-HCI, pH 7.4, 0.15 M NaCl. Specific antigens
were detected by goat anti-rabbit Ig(: horseradish peroxidase
conjugate (Bio-Rad Laboratories) diluted {1:3,000). Immu-
noreactivity was visualised by ECL.

Enzyme-linked immunosorbent assay (ELISA)

This procedure is based on the assay of Engwall and Perhmann
[15]. The standard curve was prepared using purified ovorubin.
Nunc-Immunoplate Maxisorp microtiter plates were loaded
with 50 pl/well of the PV standard (015 ng) dissolved in a
buffer containing 15 mM sodium carbonate, 35 mM sodium
bicarbonate, pH 9.6 (coating buffer). Samples of hemolymph,
gut, stomach, albumen gland, digestive gland, ¢cggs and mus-
cle were diluted with the coating buffer to load wells with 100
ng of total protein. Aliquots of 30 pl were pipeted into the wells
and incubated at 37°C for 90 min. The antigen solutions were
then shaken out, and each well was filled with 300 pl of PBS,
pH 7.4, containing 1% (w/v) non-fat dry milk. The plates were
incubated at room temperature for 2 h and subsequently washed
3 times with 0.05% (v/v) Twcen in PBS. The anti-ovorubin
rabbit serum diluted in PBS-Tween (1/500) containing 1% non-
fat dry mitk, was loaded into each well, and plates were incu-
bated overnight at 4°C and washed 3 times as above. Goat
anti-rabbit 1gG horseradish peroxidase conjugate (Bio-Rad
Laboratories) diluted (1/500) in PBS 0.05% Tween 1% non-
fat dry milk was added to cach well (50 pl) and incubated at
room temperature for 2 h. After 4 washes as before, 50 ul
aliquots of substrate solution, ABTS and I1,0,(Bio-Rad Labo-
ratories) were added to each well and the plates were incubated
at room temperature for 15 min. After colour development, the
reaction was stopped by the addition of 2% oxalic acid (50
ul}, and the absorbance was read at 415 nm on an EL-307C
microplate reader (Bio-Tek Instruments, Winooski. VT, USA).
One percent non-fat dry milk in PBS was used in all assays as
anegative control and blank, and all samples were performed
in triplicate and the values were averaged,

In vitro tissue incubations

To investigate the tissue site of ovorubin synthesis, gonad-
digestive gland complex, muscle, and albumen gland were
dissceted from femates at the end of their vitellogenic period,
rinsed with sterile incubation medium, weighed and cut into 3
pieces. Each piece (approx. 50 mg, 0.2-0.4 cm®) was weighed
and incubated separately in | ml modified Helisoma medium
[16] containing Hepes 5 mM, pH 7.3, NaCl 40 mM, KCI1 1.7
mM, CaCl,, 2H.O and “C-Leu 315 pCi/nmol. (New England
Nuclear, USA), final specific activity | uCi/ml. Incubation
vials were placed in a watcer bath at 24°C and gently agitated
for 12 h. Centrol incubations were carried out with media
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containing labelled leucine but without tissue. After the incuba-
tion period, tissues were washed repeatedly with medium with-
out the tracer, and homogenised as described above. Aliquots
were analysed for (1) total protein [12], (2) radioactivity incor-
porated to protein, quantified in a Pharmacia LKB Wallac 1219
Rackbeta by liquid scintillation (Uppsala, Sweden), and (3)
ovorubin was isolated by HPLC or electrophoresis as described
above. Radioactivity incorporated into protein fractions sepa-
rated by HPLC was either measured by Radio-HPLC {Radio-
matic Flo-one beta, Packard, Meriden, CT, USA) or by collecting
the peaks and counting radioactivity by liquid scintillation. Gel
slabs were sliced every 0.5 mm, digested with H 0, and radio-
activity quantified by liquid scintillation counting,.

In vivo incubations

Vitellogenic females were injected in the foot with 100 ul of
Helisoma salts [17] containing 10 uCi of *H-Leu (New Eng-
land Nuclear) and left in aquaria at 26°C for 18 h. After that
period, hemolymph was collected from each animal and stored
at —70°C for analysis.

Results

Distribuiion of ovorubin in different tissues

The presence of ovorubin was evaluated in homogenates of
most tissues of the apple snail: albumen gland, gut, stomach,
lung, digestive gland—gonad complex, hemolymph, muscle
and egg cytosol using SDS-PAGGE. Figure 1A shows three
bands with MW 35, 32 and 28 kDa in eggs and albumen
gland that correspond to ovorubin subunits. These bands
were immunoreactive to anti-ovorubin antiserum as shown
by Western blots (Fig. | B, see below). Regarding this, only
two bands were resolved in the Western blot, the upper one
corresponded to the 32 and 35 kDa subunits together, and the
lower one to the 28 kDa subunit,

Incorporation of "C-Leu into ovorubin

A pilot experiment was performed to determine the time course
of incorporation, adjust pH, tracer concentration, and select
incubation time and medium. Microscopic inspection of tis-
sues after 12 h incubation was performed to check for necro-
sis (data not shown). The results indicate that tissues were
viable under the conditions employed. A number of differ-
ent media composition were tried and the best composition
was found to be the modified Helisoma salts, buffered with
HEPES, as mentioned in Materials and methods. Based on
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220 kDa

36 kDa

18.5kDa

Fig. 1. Analysis of P. Canaliculata tissues by disscciating PAGE (A) and Western blot (B). Gels A and B prepared using an acrylamide gradient
of 4-15% wiv. Lanes 1: muscle; 2: stomach; 3: hemolymph; 4: ovorubin; 5: gut, 6; albumen gland; 7: lung; 8: egg; 9:gonad-digestive gland
complex; 10: STD. STD — ferritin half unit (MW 220,000), albumin (MW 67,000), catalase (MW 60,000), lactate dehydrogenase (MW 36,000}

and ferritin (MW 18,500).

the time-course of incorporation, a 12-h incubation period
was selected for further analysis of ovorubin synthesis.

All tissues incorporated the tracer into proteins. Tissue
extracts from incubations were separated by PAGGE and
HPLC (Table 1). Proteins similar to ovorubin in size were
found in gonad—digestive gland complex. As specific activ-
ity was not enough to perform autoradiography analysis of
gels, each gel lane was sliced, digested and quantified by lig-
uid scintillation counting. Results showed that the only tis-
sue incorporating “C-Leu into a protein of ovorubin MW
was the albumcn gland, representing 1.3% of the total la-
belied protein (Table 1). Radio-HPLC analysis of proteins
showed a radiolabelled protein peak that eluted at ovorubin
elution velume in both albumen gland and in gonad—digestive
gland complex. Only the albumen gland protein, however, was
immunotreactive to anti-ovorubin antiserum, confirming PAGE
results. Western blot analysis using anti-ovorubin antiserum
as probe, revealed that albumen gland contained immunore-
active proteins (Fig. 1B), and that immunorcactivity was not
observed in homogenates of either muscle, gut, stomach, lung
or gonad-digestive gland complex.

Table I. Percentage of radioactivity incorporated inte ovorubin and other
protein fractions after 12 h incubation with “C-Leu

Tissue Ovorubin Other proteins

Albumen gland 1.2+£09 1.3+07 98814 98719

Gonad—digestive

gland complex Nd Nd Nd Nd
Hemolymph Nd Nd Nd Nd
Muscle Nd Nd Nd Nd

Values are the mean of triplicate analysis + 8.0, of results from electro-
phoresis and HPLC analysis, Gvorubin identity was checked by immuno-
blot analysis. Nd — not detected.

Incorporation of *H-Leu into ovorubin

When vitellogenic females were injected with labelled leu-
cine, ail tissue extracts contained labelled proteins. The aim
of this experiment was to search for the presence of circulat-
ing perivitellins. Then, hemolymph was particularly analysed.
HPLC and electrophoretic analyses of radiolabelled hemo-
lymph indicated that no protein with ovorubin characteris-




Table 2. Ovoruhin titer in different tissues

Tissue Soluble protein Ovaorubin
(mg/g tissue} (mg/g tissuc)
Ege 4751235 284 +2.1
Albumen gland 37912249 303£20
Hemolymph 11.0£09 Nd
Gonad—digestive gland complex 170+ 1.3 Nd
Muscle 5806 Nd
Gut 7105 Nd
Stomach 143+1.0 Nd

Values are the mean of duplicatc analysis. Nd - not detected.

tics was present. Western blot analysis showed again that
hemolymph did not contain any ovorubin-immunoreactive
protein (Fig. 1B), though some faint cross reactivity with
another hemolymph protein was present (not perceptible in
Fig. 1B).

Ovorubin titer in different tissues by ELISA

This method had a linear relationship from 0-12 ng of puri-
fied ovorubin, 15 min after the addition of substrate solution,
When the samples were analysed, well to well variation was
similar to the variation on the standard curve.

Perivitcllin was not detected in either hemolymph, mus-
cle, gut, lung, stomach or gonad—digestive gland complex.
It was only present in albumen gland and egg cytosol in large
quantities (Table 2).

Discussion

The hypothesis that the albumen gland of P canaficulata
would be the synthesis site of ovorubin was experimentally
demonstrated in two fashions. Firstly, polyclonal antibodies
anti PV-1 were utilised to detect this lipoprotein in the snail.
Seven tissues were assayed by Western blot, and immunore-
active proteins were found only in the albumen gland. They
corresponded to the three protein subunits of the ovorubin
native apoprotcin [9]. The interpretation that albumen gland
is the single site for the synthesis and storage of ovorubin,
was also supported by the in vifro incubations of selected
tissues (albumen gland, muscle and gonad-digestive gland
complex). The analysis by electrophoresis and chromatog-
raphy of the proteins revealed the synthesis of significant
quantities of radiolabelled proteins in all of them, but a pro-
tein with the characteristics of ovorubin was only found in
the albumen gland. Gonad—digestive gland complex was
selected because there are several reports on other inverte-
brates supporting its importance as egg-lipoprotein synthe-
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sising sites [2, 17, 18]. Both experiments showed this gland
to be the only organ of £ canaliculata able to synthesise the
protein moiety of the glycolipocarotenoprotein ovorubin.

Vitellogenins circulating in plasma of vitellogenic females
have been detected in most oviparous organisms such as ver-
tebrates, crustacean, insects [19, 20] and one report in gas-
tropods [6]. Highly sensitive techniques as in vivo leucine
radiolabelling and immunoblot were used, though no lipo-
protein similar to that of PV1 could be found in vitellogenic
P canaficulara hemolymph. This led us to infer that this pe-
rivitelline does not follow an entirely heterosynthetic mecha-
nism, The transport of PV1 from the site of origin —the albumen
gland — to that of storage — the egg — can be explained on the
basis of the snail reproductive tract morphology, the albumen
gland being an exocrine gland attached to the oviduet [21].
Consequently, ovorubin and other perivitellin fluid compo-
nents would be scercted directly into the oviduct, coating
fertilised eggs as they pass through the oviduct, adding later
an outer covering membrane [4]. A similar behaviour was
observed in our laboratory for other P, canaliculata perivitel-
line [11] and by Morishita ef a/., for a glycoprotein from the
pulmonate Helisoma duryi [22].

Other gastropods, such as the garden snail Helix aspersa, show
an heterosynthetic mechanism, the vitellogenins being synthe-
siscd in the digestive gland that surrounds the ovotestis, and
transported by hemolymph to vitellogenic oocytes [5, 6],

During embryogenesis perivitellus ovorubin is preferen-
tially absorbed since the carly stages [23], giving clear proof
of the importance of ovorubin during the whole development
as a source of structural metabolic precursors and energetic
compounds; nevertheless, its principal function for the em-
bryo is not energetic, as reserve egg lipoproteins usually arc.
Moreover, stabilising and photoprotective functions have
been attributed to the carotenoid pigments present as an ovo-
rubin prosthetic group [24, 25]. After hatching, ovorubin
becomes the only perivitelline protein present, as previously
reported by our laboratory [23]. Quantification of PV1 by
ELISA in just-laid eggs showed that it was the most abun-
dant perivitellus lipoprotein. Regarding adult snail ovorubin
levels, females assayed were at the end of their vitellogenic
period, which was reflected in their albumen gland by the
high levels of ovorubin as determined by ELISA and the low
rate of ovorubin synthesis (Tables 1 and 2). This suggests
again that the albumen gland represents the storage site for
the newly synthesised ovorubin, and probably the ratc of
synthesis assayed at an earlier vitellogenic stage would be
greater.

PV showed similarities and differences when comparcd
to other vitellinic lipoproteins. Its lipid moieties, mainly free
cholesterol and lesser amounts of phospholipids evidenced
similar characteristics to other lipoproteins found in £ cana-
liculata [9], and quite different from those lipovitellins in
other invertebrates including molluses [19,20].
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In a study of H. duryi vitellogenesis, Morishita er al. [22]
found that the albumen gland of this pulmonate snail secretes
3 perivitellins, otie of them has a mass of 288 kDa, similar to
ovorubin, whereas its apoprotein composition is different.
Even more, the three subunits from PV1 did not show any
similarity in the N-terminal regions compared to the above
mentioned glycoprotein (results not shown).

Nevertheless, additional comparative work on several
groups of gastropods will be required to further define the
different characteristics of egg reserve proteins synthesis in
this heterogeneous taxa.
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