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Abstract.  Extraovarian synthesis of vitellogenin (Vg),
has been reported for several crustaceans, mainly in the
subepidermal adipose tissue (SAT) or the hepatopancreas
(HEP). The precise site(s) ol Vg synthesis in penaeid
shrimp is hitherto unknown and was investigated in a
large local species Penacus semisulcatus de Haan. Protein
synthesis was determined in SAT and HEP tissue pieces
incubated in vitro. Incubations were at 25°C for eight
hours in an oxygen enriched atmosphere, under sterile
conditions in a physiological medium, containing '*C-
lcucine. At the end of the incubation period. tissue ho-
mogenates and medium samples were analyzed for de
novo protein synthesis. Total protein synthesis was deter-
mined by trichloroacetic acid precipitation. Specific vi-
tellin (Vt) synthesis was determined by radioimmuno-
precipitation with a polyclonal Vt-specific antiserum.
Characterization of other de novo synthesized proteins
was carried out by fluorography from polyacrylamide gels.
Subepidermal adipose tissues removed from females at
all stages of ovanan development did not synthesize Vit-
specific proteins, in spite of the fact that total protein syn-
thesis levels were high. The major protein synthesized de
novo in the SAT of males and females is a protein with
an identical electrophoretic mobility as hemocyanin in
polyacrylamide gels. In vitro protein synthesis in HEP
tissues was low compared to SAT or ovary systems. Vi-
specific de novo synthesized protein was identified in
HEP’s [rom early vitellogenic females, but constituted less
than 15% of total protein synthesis. We have previously
shown that ovarian tissues from vitellogenic females in-
cubated i1 vitro exhibited high levels of protein synthesis,
an average of 38% of which is Vt-specific (Browdy et al.,
1990. J. Exp. Zool. 255:205-215). The calculated Vt syn-

Received 26 Augusl 1991; accepted | June 1992.
* To whom correspondence should be sent.

233

thesis rates in ovaries were up to 23 times higher than in
HEP. We conclude that the extraovarian contribution to
vitellogenesis in P. semisulcatus is low.

Introduction

Vitellogenesis is associated with the formation of yolk
globuli within the developing oocytes in the ovary. Pro-
teins and lipids are the main constituents of yolk, and
vitellin (Vt) is the major protein that accumulates within
the ovary during this process (Adiyodi and Subramoniam,
1983; Meusy and Payen, 1988). Vitellogenesis is an en-
docrine-regulated process, and is therefore of interest as
a central part of the female reproductive cycle (Quack-
enbush, 1986; Fingerman, 1987; Charniaux-Cotton and
Payen. 1988). It has been intensively studied in the lower
vertebrates (Tata, 1976: Lam ez al., 1978 Huang et al.,
1979) and in various groups of insects (Kanost et al.,
1990). There has been increasing interest in crustacean
vitellogenesis, due to the growing commercial importance
of crustaceans in aquaculture and the interest in new
models for basic research (Laufer and Downer, 1988). A
critical prerequisite for studying vitellogenesis at the en-
docrine and cellular levels is identification of the tissues
that participate in the synthesis of yolk and its precursors.

The sites of synthesis of Vt or its precursor molecules
have not yet been fully established for penaeid shrimps.
A protein which reacts immunologically to antiserum
prepared against purified Vt was found in the haemo-
lymph of vitellogenic females. This protein. known as vi-
tellogenin (Vg), has been reported in all species studied
so far (Kerr, 1968: Ceccaldi, 1970; Wolin et al., 1973;
Fyftfe and O’Connor, 1974; Caubere et al., 1976: Meusy.
1980; Dehn ¢t al., 1983; Ferrero ¢t al., 1983: Marzari ¢f
al., 1986; Tom ¢t al., 1987a: Suzuki, 1987; Nelson ez al.,
1988; Quackenbush and Keeley, 1988: Quackenbush,
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and O'Connor, 1976: Eastman-Reks and Fingerman,
1985), including three species of penaeid shrimps (Yano
and Chinzei, 1987: Quackenbush, 1989a, b: Browdy et
al., 1990). However, there is also convincing proof for
extraovarian synthesis of Vg in the adipose tissues of is-
opods and amphipods (Picaud, 1980; Souty and Picaud.
1981; Junera and Meusy, 1982). Vi-positive immuno-
reactivity has been reported for the adipose tissue of Par-
apenacus longirostris (Tom et al., 1987a) and in the HEP
of two brachyuran decapods (Paulus and Laufer. 1987).
Different groups have reported conflicting results for in
vitro Vg synthesis by the HEP in penaeids. Yano and
Chinzei (1987) and Rankin ¢t al. (1989) were unable to
show de novo Vg synthesis in HEP of Penaeus japonicus
and Penaeus vannamel, respectively. In contrast, Quack-
enbush (1989a, b) has reported in vitro synthesis of pro-
teins immunoreactive with antibodies to yolk in cultures
of the HEP of Penacus vannamei. There have been no
studies so far on de novo synthesis of Vg in penaeid adipose
tissues.

Although there is sufficient evidence to support a role
for the ovary in Vt synthesis in penaeids, the quantitative
contribution of ovarian versus extraovarian synthesis is
not clear. We have tried to clarify this question by studying
protein synthesis iz vitro in the three putative vitellogenic
tissues of Penacus semisulcatus. We have recently shown
that the ovaries of this species synthesize Vt in vitro, and
that the portion of Vt-specific synthesis from total-protein
synthesis varies in accordance with ovarian developmental
stages (Browdy ¢t al., 1990). In this report, we summarize
our studies on protein and Vg synthesis in the adipose
and hepatopancreatic tissues of this marine shrimp spe-
cies.

Materials and Methods

Chemicals

Amino acids, HEPES, Bis-Tris, vitamins and supple-
ments for media were cell-culture tested grade and were
obtained from Sigma. ["*C(U)]leucine (308 mCi/mA{) was
purchased from New England Nuclear. All other reagents
were of analytical grade.

Seawater

Mediterrancan seawater (salinity 40%.) was pumped
onshore into a central reservoir and used immediately.
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For in vitro cultures it was filtered through sieves and a
0.45 pm-membrane filter. and finally sterilized by filtering
through a heat sterilized 0.22 pm-membrane filter. Di-
lutions were performed using deionized water (lonex, Is-
rael) prior to sterilization.

Animals

Adults of P. semisulcatus were collected in Haifa Bay,
Israel. They were held in 3 m® running seawater tanks,
at a density of 20 specimens per tank. Water was changed
at a rate of 300% per day. Salinitv was constant at 40%e.
and temperature ranged from 18°C (winter) to 27°C
(summer). The animals were fed once a day on a mixture
of frozen fish, squid, shrimp, and Arteria. Females were
individually marked by clipping of the uropods, and
ovarian development was monitored externally, according
to the methods of Browdy and Samocha (1983).

Polyacrylamide gel electrophoresis (PAGE)
and electroblotting

Electrophoresis in non-denaturating conditions was
performed according to Davis (1964) in 3% polvacryl-
amide gels. Coomasste Blue stains for proteins and dithio-
oxamide stains for copper-conjugated proteins were per-
formed according to Hames and Rickwood (1981).

Western blots from PAGE were done using a Bio-Rad
electroblotting apparatus at 400 mA for 4-5 h at 4°C.
Proteins were transferred to nitrocellulose papers, dried,
and stored at 4°C until staining. Immunostaining was
according to Browdy er al. (1990).

Purification of V't and preparation of rabbit
specific antiserium

Vitellin was identified as the main constituent of ripe
ovaries by comparing the electrophoretic profiles in non-
denaturing polyacrylamide gels (PAGE) of ripe and un-
developed ovarian homogenates. It was purified from ho-
mogenates of ripe ovaries by two steps of column chro-
matography and one of preparative PAGE as described
by Browdy er al. (1990). Anti-Vt serum was prepared in
rabbits afier injection of 0.5 mg Vt as described by Tom
et al. (1987b). The specificity of the antiserum was verified
by immunoblotting (Bio-Rad immunoblot assay system)
against all the fractions obtained during the purification
as shown in Browdy ¢f al. (1990). The antiserum reacted
only with the Vt fraction.

Determination of vocyte diameter

Prior to in vitro incubations, a piece of tissue was re-
moved [rom each ovary tested then fixed in 4% formalin
in seawater. The average oocyte diameter was determined
as described by Shlagman er al. (1986).
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In vitro incubation experinients

Subepidermal adipose tissues (SAT’s) were excised from
females at different stages of vitellogenesis and from in-
termolt males. The SAT from each animal was divided
into four pieces and each was incubated in Landureau’s
medium modified for penaeid tissues as described in
Fainzilber et al. (1989). C-leucine was added to a final
concentration of 0.25 xCi/ml. Cold leucine level in the
media was 0.11 maf.

Incubations were at 25°C with gentle shaking and an
oxygen enriched atmosphere. Following the incubation
period, tissues were removed and homogenized in 0.1 Af
phosphate buffer. Homogenates were centrifuged at
14,000 rpm for 10 min in an Eppendorf Microfuge at
4°C. De novo synthesized proteins were determined by
TCA precipitation. Samples of tissue homogenates, su-
pernatant. and the incubation media were pipetted onto
Whatman 3 mm filter paper discs, dried, precipitated in
10% TCA. and washed according to Mans and Novelli
(1961). Discs were counted in scintillation vials with 5 ml
Aquasol-2 (New England Nuclear) in a Kontron Beta-
matic liquid scintillation counter, and quenching was
monitored by measuring sample channels ratio (SCR).
The specific activities of the media (cpm/ug leucine) were
calculated from samples prepared on filter paper discs,
and final results were calculated as ug leucine incorporated
into TCA precipitable protein. Control incubations were
carried out with media containing labelled leucine but
lacking tissue and with tissue incubated without labelled
leucine. Tissue protein was determined by the method of
Bradford (1976).

Radioimmunoprecipitation (RIP) was carried out by
taking 50 ul samples from tissue homogenates, superna-
tants and media. These samples were mixed with precal-
ibrated volumes of anti-V1t serum after the addition of 0.1
mg purified Vt, to ensure maximum precipitation. Re-
action volumes were adjusted to 1 ml with 0.4 Af NaCl.
Incubation was for | h at room temperature, after which
vials were further incubated at 4°C for 24 h. Normal rabbit
serum (NRS) was added instead of anti-Vt serum in con-
trol vials. Additional controls included NRS with a cali-
brated amount of goat-anti-rabbit serum, to obtain a large
non-specific pellet. Following the incubation at 4°C,
samples were centrifuged and the pellet washed three times
with 0.4 Af NaCl. Finally the pellet was dissolved in 75
ul of 0.5 Af NaOH and incubated with vigorous shaking
for 1 h at 37°C. The dissolved pellet was neutralized with
2 A HCI and the complete sample was applied to What-
man 3 mm paper discs, dried, and counted as described
above.

The hepatopancreas was excised from previtellogenic
and vitellogenic females and intermolt males, weighed,
and each cut into 8-12 pieces. Each piece was weighed

separately. They were prcwashed for 1 h with frequent
changes of media and each piece was incubated separately.
Pieces of HEP were homogenized in their incubation me-
dia, centrifuged, and supernatants taken for analysis. Pro-
tease inhibitors (0.2 mA/ PMSF, 1 mA{f Aprotinin, | mA
Leupeptin) were added. and the samples were analyzed
as described above. All controls were as described for SAT
incubations, with the addition of a zero time incubation
control. Pieces of HEP were immersed in incubation me-
dia containing *C-leucine and were immediately ho-
mogenized and processed for analysis. Zero-time controls
and background counts were similar. There was no dif-
ference between incubations with or without protease in-
hibitors. A number of different media compositions were
tried and the best composition was found to be the
modified Landureau medium buffered with Bis-Tris to
pH 6.5.

All incubations and RIP were performed in culture
plates or tubes coated with Sigmacote (Sigma Chem-
ical Co.).

For fluorography from PAGE, incubations were as de-
scribed above, except that media contained 2.5 pCi/ml
14C_leucine and no cold leucine. Samples from these in-
cubations were separated on PAGE. Gels were fixed in
7.5% acetic acid for 1 h, washed, and immersed in Amplify
(Amersham, U.K.) for 30 min. Afterwards, gels were dried
at 60°C under vacuum and exposed to Kodak XARS5
films at —70°C.

Collection of hemolyimph and identification
of hemocyanin

Hemolymph was removed from shrimp by cutting the
rostrum and bleeding into 1 ml of a 10% sodium citrate
solution. The hemolymphs of several females or several
males were pooled and placed separately into test tubes.
Hemocyanin was identified as the main constituent of
whole hemolymph, which stained positively for copper
(Horn and Kerr, 1963, 1969).

Results
Protein synthesis in in vitro incubated SAT

De novo protein synthesis and secretion to the medium
were measured at regular time intervals during the in-
cubation of the adipose tissues, and were found to increase
linearly after an initial lag period of about 4 h, with a
similar rate of protein synthesis in a male control (Fig.
1). Over 90% of the de novo synthesized TCA precipitable
proteins were found in the medium fraction. A compar-
ison of levels of total protein synthesis in SAT's of 13
females at different stages of vitellogenesis showed a large
variability between females at the same vitellogenic stage,
but failed to show any correlation between the vitellogenic
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Figure 1. The incorporation rate of leucine into protein secreted by
i vitro incubated subepidermal adipose tissue (SAT) in Peneaus semi-
sulcatus. Tissues were removed from a male, and previtellogenic and
vitellogenic females. Results were calculated for whole SAT. The mean
+ S.D. for four replicates are given in each case. The average oocyte
diameter {(OCD) in ovaries is indicated (in um) for each female.

stage and the synthesis of proteins in the adipose tissues
(Table 1). In excess antibody precipitations of all the sam-
ples, no Vt-specific proteins were detected. Ovaries from
the same females all produced Vt in virro, at levels aver-
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aging 38% of the total de novo synthesized protein (Browdy
et al., 1990; Table 1).

SAT proteins were separated in non-denaturating
polyacrylamide gels. Total proteins were visualized with
Coomassie Blue (Fig. 2A), while incorporation of radio-
label into de novo synthesized SAT proteins was visualized
by fluorography (Fig. 2B). Vt-specific immunological
staining was performed on Western blots (Fig. 2C) and
copper conjugated proteins by dithio-oxamide staining
(Fig. 2D). Samples from previtellogenic and vitellogenic
females and control males were run on ecach gel. Figure
2C shows that samples from SAT’s of vitellogenic females
stained positive for Vt. However, Vt was not visualized
in the fluorographic exposures (Fig. 2B). One major ra-
dioactive band is seen in the fluorography of all the sam-
ples, including the male control. Based on the position of
this band versus the position of hemocyanin (Fig. 2A),
and on a positive reaction with the copper stain (Fig. 2D),
the main de novo synthesized protein in adipose tissues
appears to be hemocyanin or a copper containing protein
with a similar electrophoretic mobility in non-denatur-
ating polyacrylamide gels.

Protein synthesis in in vitro incubated HEP

Protein synthesis was measured in HEP incubated /1
vitro in a number of media and culture conditions, in-
cluding those of Quackenbush (1989a, b). Protein syn-
thesis in these cultures was low, and typically only 4-7%
of the available label was incorporated into TCA precip-
itable proteins. This compares to 14-23% for ovarian

Table I

In vitro protemn synthesis in tissues of female (F) and male (M) Penaeus semisulcatus

Vit specific
Vitellogenic stage and Number fraction®
Tissue Sex oocyte diameter (um) of replicates® Total protein synthesis® (%)
SAT [E previtellogenic (£100) 4 39.8 = 15 0
F vitellogenic {100-300) 6 252+ 9.2 0
F late vitellogenic (300-380) 3 282+ 6.6 0
M — 4 266 + 8.4 0
HEP F previtellogenic (=100) 4 26+ 1.3 5229
F vitellogenic {130-200) 4* 16+ 1.6 144 = 1.1
F vitellogenic (247-299) 5 04+ 0.2 37+20
M — S 0.8+ 0.3 0.8 £ 0.6
Ovary* F previtellogenic (£100) 5 1.2+ 3.1 50%32
B vitellogenic (110-200) 4 55.2£10.8 343 +47
F vitellogenic (220-281) 4 39.1 + 4.5 123+76

* Each replicate repre
used.

2-3 pieces of tissue from a single animal, except where marked *. 1n this case, two pieces each from two animals were

® ug leucine incorporated into TCA precipitable protein per whole organ after 6 h of incubation (mean + S.D.).
¢ Fraction of V1 specific immunoprecipitable protein from 1olal de novo synthesized TCA precipitable protein (mean + S.D.).
4 Ovary dala are based on Browdy er al (1990; Figs. 5, 6) and are shown for comparison.
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Figure 2.

Non-denaturing polyacrylamide gel electrophoresis (5%) of protein synthesized in vitro by

subepidermal adipose tissue (SAT) in Peneaus semisulcatus. Medium fractions only shown. (A) Coomassie
blue stained gels. (B) Fluorography after 9 days of exposure. (C) Vt-specific immunological stain after Western
blotting. (D) Copper-conjugated protein stain. Lanes: (1) male; (2) previtellogenic female (40 ym OCD),
and (3) vitellogenic female (164 um OCD). The positions of vitellin (V) and hemocyanin (H), which were
run in separate lanes in the same gels, is indicated. Bovine serum albumin (BSA) was included in the culture
media. Each lane in A, C, and D was run with 25 ul aliquots. In gels visualized by fluorography each lane
was loaded with a sample containing 15,000-30,000 cpm of TCA precipitable protein.

cultures and 50-61% for SAT. The best conditions were
found to be incubation in Landureau’s medium modified
for penaeid tissue (Fainzilber er al., 1989) at pH 6.5 with
20 mAf Bis-Tris. Protein synthesis rates in HEP from 11
females under these conditions differed according to the
stage of vitellogenesis (Fig. 3, Table I), and were highest
for females at an early stage of vitellogenesis (OCD 130-
200 pm). Excess antibody precipitations revealed Vt-spe-
cific label ranging from 3.7% of total proteins synthesized
in late vitellogenic females to 14.4% in early vitellogenesis
(Table I). Male HEP cultures were also found to contain
Vt-specific label, at near-background levels of 0.8%.

Comparison berween different tissues

To evaluate the possible quantitative significance of the
Vit synthesis in HEP cultures, leucine incorporation results
were translated into Vt synthesis rates, calculated from
the molar ratio of leucine in purified Penaeus semisulcatus
Vit (Tom ¢r al., in press). These calculated Vt synthesis
values were corrected to allow for the 2 h lag in protein
synthesis observed in HEP incubations of early vitello-

genic females (Fig. 3)., and the final values obtained rep-
resent synthesis rates during the linear phase. Similar cal-
culations were performed for ovaries incubated in vitro,
from the data of Browdy et al. (1990). Ovarian Vt synthesis
rates ranged from 1.2 g Vt/whole ovary/h in previtel-
logenic females to 36.4 ug Vi/whole ovary/h in vitellogenic
females (Fig. 4). These values were 3-23 times higher than
the corresponding Vt synthesis rates in HEP cultures
(0.34-1.6 ug Vt/whole HEP/h in previtellogenic and early
vitellogenic females, Fig. 4).

Fluorography of TCA precipitates from female HEP
samples run on polyacrylamide gels failed to show radio-
activity in the region of the Vt band, which 1s clearly seen
in the parallel lane of an ovary sample (Fig. 5). One of
the main bands seen in fluorography of samples from HEP
incubations has the same position as does the putative
hemocyanin band from SAT samples (Fig. 5).

Discussion

The results shown above and those of Browdy er al.
(1990) strongly suggest that the ovary is the main site of
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Figure 3. The incorporation rate of leucine into protein by in viiro
incubated hepatopancreas pieces in Peneats semisulcatus. Results (mean
+ S.D.) were calculated per whole hepatopancreas and arc presented for
males and early and late vitellogenic females. Mean = S.D. for four
replicates at each time point are shown. The average oocyte diameters
(OCD) in the ovaries of the females are indicated in pm.

Vit synthesis in Penacus semisulcatus and that the SAT
has no role in this process. These conclusions are based
on Vt-specific immunoprecipitations (Table 1) and fluo-
rography of samples on PAGE (Fig. 2). The main protein
synthesized in in virro incubations of SAT appears to be
hemocyanin or a related protein based on its positive cop-
per stain and position in PAGE (Fig. 2). The fact that the
SAT-synthesized protein has the same position in PAGE
as the main HEP product (Fig. 5) is noteworthy, since the
HEP is a well characterized hemocyanin synthesizing tis-
sue in decapod crustaceans (Senkbeil and Wriston, 1981;
Bielefeld et al.. 1986; Preaux et al., 1986). There are no
previous reports of hemocyanin synthesis in adipose tis-
sues of Crustacea.

Hemocyanin accounts for 90-95% of the hemolymph
serum proteins in crustaceans (Horn and Kerr, 1969; Ro-
chu and Fine, 1978; Ferrero et al.. 1983: Hagerman, 1983;
de Fur et al., 1985). Most of the copper found in the
hemolymph (about 95%) was found to be bound to he-
mocyanin (Horn and Kerr, 1963). Evidence in the liter-
ature strongly suggests the midgut gland (HEP) as a site
of synthesis of hemocyanin in several crustacean species
(see review of Mangum, 1983). However, Ghiretti-Ma-
galdi et al. (1977) postulated a “lymphocytogluic™ organ
associated with the gizzard, and Senkbeil and Wriston

(1981) observed synthesis on the “intestinal wall”. The
high levels of synthesis found in the present report suggest
that the SAT may be a major hemocyanin synthesizing
tissue in penaeid shrimp, and should motivate additional
research into the role of adipose tissues in this process.
The quantitative significance of the HEP in Vg synthesis
in penaeid shrimp is still unclear. The data shown above
(Table 1, Fig. 4), suggest that this tissue synthesizes a Vi-
immunoreactive protein in previtellogenic and early vi-
tellogenic females. However, it seems that quantitatively
the contribution of the HEP is low. Previous studies of
protein synthesis i1 vitro in HEP of Penaeus japonicus
and Penaeus vannamei have reported conflicting results.
Yano and Chinzei (1987) did not detect synthesis of Vt-
specific proteins in in vitro incubated HEP of P. japonicus.
However, their incubations were performed in salts ringer
without buffer. vitamins and sugar supplements, that we
have found to be essential for cultures of HEP, and the
total protein synthesis they reported was very low. Rankin
et al. (1989) reported that incorporation of radiolabelled
leucine in in virro incubated HEP of P. vannamer was
relatively high early in the cycle of ovarian development.
They did not observe changes in the SDS-PAGE peptide
pattern during ovarian development, and did not use
antibodies or other means of identifying Vg specific
synthesis. The synthesis of yolk proteins reported by
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Figure 4. Vitellin synthesis rates in hepatopancreases (HEP) versus

ovaries incubated 1 vitro, in females of Peneaus semisulcatus at different
stages of vitellogenesis. Ovary data are calculated from the results of
Browdy er al (1990). Synthesis rates are calculated for the whole organ,
and represent the linear phase of protein synthesis, after the lag period
(see Fig. 1).
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Figure 5. Comparative fluorography of proteins synthesized de novo
in the ovary (A), subepidermal adipose tissue (B), and hepatopancreas
(C). during i vitro incubations of tissues from vitellogenic females of
Pencaus semisulcarus. The positions of vitellin (V) and hemocyanin (H)
are shown. 15.000 cpm of TCA precipitable proleins were loaded in each
lane.

Quackenbush (1989a, b) for HEP of Penaeus vananunei
is not clearly attributable to Vg synthesis. This is due to
the use of an antigen for antibody production which does
not represent the whole Vt. This antigen was a 97 kD
protein resolved from SDS-PAGE (and therelore in de-
naturated form) and found in both ovaries and HEP. The
antibody to this antigen reacted with three different ovar-
ian proteins and one hepatopancreatic protein. The levels
of immunoreactive proteins in ovaries of P. vannainei,
when measured with this antibody. reached a maximum
level of 8% of total tissue protein (Quackenbush, 1989b).
much lower than the expected levels for the main storage
protein of a mature penaeid ovary (Rankin ¢f al., 1989).

Our eomparison of the Vit synthesis rates per whole
organ in HEP versus ovary (Fig. 4) clearly shows that
there is a difference of one order of magnitude in Vt syn-
thesis rates in these two organs incubated in vitro. We
eannot rule out the possibility that this difference is less
extreme in vivo. However, Vg hemolymph levels and
turnover were found to be low in both previtellogenic and
vitellogenic P. semisulcatus females (Shafir er al., 1992
and unpub. obs.). These results lead us to the conelusion
that although the HEP may be involved in the synthesis
of some ovarian proteins, its quantitative significance is
probably low. The possibility that the HEP may be in-

volved in synthesis of an exclusively extraovarian Vt
component has yvet to be shown.

Vitellin-specific immunoreactivity has been found in
SAT samples of Penaeus semisulcatus (Fig. 2C), P. ja-
ponicus (Vazquez-Boucard, 1985) and Parapenaeus lon-
girvostris (Tom er al., 1987a). Vitellin-positive reactions
have also been observed in the immunohistological prep-
arations of HEP from two brachyuran decapods (Paulus
and Laufer, 1987). These results show the presence of Vit
immunoreactive compounds, but do not provide evidence
for active synthesis of these compounds in the tissues ex-
amined. A high molecular weight Vt immunoreactive
compound has been found in the hemolymph of several
crustaceans. The Vt positive reactions in tissues may be
due to absorption of hemolymiph in the incubated tissues,
or may suggest a role for these tissues in the catabolism
of Vt following resorption of oocytes. Oocyte resorption
provides one of the explanations for the presence of Vi
immunoreactivity in the hemolymph. It is also possible
that such immunoreactivity results from Vg synthesis in
ovarian follicle cells, seeretion of the Vg into the hemo-
lymph, and subsequent uptake into developing oocytes
(Yano and Chinzei, 1987).

It should be noted that most of the data supporting
the ovary as a single or main site of Vit synthesis in
penaeids have been obtained from in vitro systems. Such
systems, although possessing many advantages for sub-
sequent endocrinological studies, might not provide the
necessary conditions for a specifie tissue to function as
it does in vivo. Conversely, an in vivo experimental ap-
proach does not allow the clear isolation of a specifie
tissue’s contribution. Identification of volk protein
mRNA from tissues of females at different stages of
vitellogenesis, using in vitro translation systems could
clarify this issue. These techniques have been used with
success for the study of hemocyanin synthesis in crayfish
(Bielefeld et al., 1986). The feasibility of this approach
is eurrently under examination in our laboratory.

To summarize, our results and other recent publica-
tions suggest that the ovary is the most prominent site
for Vit synthesis in penaeid shrimp. This is in contrast
to the extraovarian synthesis of Vg in Isopoda and Am-
phipoda (Meusy and Payen, 1988). It seems that different
groups of crustaceans use different strategies for the syn-
thesis of their yolk proteins. In this respect, crustaceans
arc apparently similar to insects, in which at least three
different strategies of yolk protein synthesis have been
characterized (Kanost ¢ al., 1990). lt is noteworthy that
insects with different strategies of yolk synthesis also dif-
fer in various aspects of the endocrine regulation of this
process. a fact with interesting implications for future
studies of endocrine regulation of vitellogenesis in erus-
taceans.
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