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SYNOPSIS. One of the major changes that occurs during the maturation of oocytes
is the accumulation of yolk protein, or vitellin (Vn). To better understand how this
process is regulated, we characterized the Vn of the ridgeback shrimp, Sicyonia
ingentis (Penaeoidea). This Vn is a 322 kDa molecule composed of three subunits.
Using purified Vn, we developed an anti-Vn antiserum and used it to characterize
vitellogenin by Western blot analysis. The antiserum was also used in an ELISA
to measure hemolymph levels of vitellogenin. Previous studies suggested the pres-
ence of vertebrate-type steroids might stimulate reproductive processes in decapod
crustaceans. Treatment of sexually quiescent female shrimp with progesterone,
hydroxyprogesterone, and estradiol did not increase hemolymph levels of yolk pro-
tein precursor. The absence of a response to these steroids may reflect the presence
of other hormones (such as the gonad-inhibiting hormone) that prevent oocyte
development. To examine the molecular basis for the regulation of vitellogenesis,
ovarian and hepatopancreas expression cDNA libraries were screened using the
anti-Vn antiserum. A 2.9 kilobase clone was isolated from both cDNA libraries
suggesting that both tissues are sites of vitellogenin synthesis. These molecular tools
should be useful for in vitro studies of vitellogenin synthesis.

INTRODUCTION

Oogenesis is an energetically expensive
reproductive process that can be divided
into several phases. The latter phases of oo-
genesis, periods characterized by the accu-
mulation of yolk proteins in the growing
oocytes and by significant increases in oo-
cyte diameter, are referred to as primary
and secondary vitellogenesis (Meusy and
Charniaux-Cotton, 1984; Meusy and Payen,
1988). Vitellin (Vn) is the common form of
yolk stored in oocytes and a nutrient source
for developing embryos. In many species,
vitellogenin (Vg), the precursor molecule to
Vn, is transported through the hemolymph
to developing oocytes, where it is seques-
tered and modified with the addition of
polysaccharides and lipids into Vn. Thus,
the synthesis of yolk proteins is a good in-
dicator of female reproductive activity in
many species. Furthermore, the presence of
yolk proteins has been frequently used to
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study the hormones involved in the control
of reproduction.

One organism that seems particularly
suitable for such endocrinological studies is
the ridgebacked shrimp, Sicyonia ingentis
(Decapoda: Dendrobranchiata: Penaeoidea).
This species is distributed between Isla Ma-
ria Madre, Mexico and Monterey Bay, Cal-
ifornia (Perez-Farfante, 1985) and is found
at depths of 55–82 m (Frey, 1971). This
shrimp can be obtained from commercial
fisheries, and has proven to be easily han-
dled in captivity. Since these shrimps are
reproductive between June and November
when they broadcast spawn during the
phase of the new moon (Anderson et al.,
1985; personal observation), they are easy
to study during the summer and autumn
months. Before examining the effects of
various hormones, we first characterized
Vn, developed and characterized an anti-Vn
antiserum, and used this antiserum to pro-
duce an ELISA (enzyme linked immuno-
sorbant assay) to monitor changes in he-
molymph levels of yolk protein precursor.

Characterization of vitellogenin and
vitellin

Initiation of our investigations required
the isolation, purification, and characteriza-
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TABLE 1. Molecular mass of crustacean vitellin.

Malacostraca – Decapoda
Dendrobranchiata:

Metapenaeus ensis
Penaeus chinensis V1

Vn2

350 kDa
380
500

Qui et al., 1997
Chang et al., 1996
Chang et al., 1996

Penaeus japonicus
Penaeus monodon

500
540
492

Vazquez-Boucard and Ceccaldi, 1986
Quinitio et al., 1990
Chang et al., 1993

Penaeus semisulcatus
Penaeus vannamei
Sicyonia ingentis

283
289
322

Browdy et al., 1990
Tom et al., 1992
Tsukimura et al., 2000

Pleocyemata:
Carcinus maenas
Emerita asiatica
Palaemon paucidens

480
505
630

Andrieux and de Frescheville 1992
Tirumalai and Subramonian, 1992
Nakagawa et al., 1982

Homarus americanus
Pandalus kessleri
Potamon potamios

360
560
551

Tsukimura et al., submitted
Quinitio et al., 1989
Pateraki and Stratakis, 1997

Branchiopoda
Triops longicaudatus 376 Riley and Tsukimura, 1998

tion of yolk proteins from S. ingentis. Vi-
tellin was isolated from ovarian homoge-
nates through differential centrifugation,
and purified from other proteins by differ-
ential precipitation with increasing concen-
trations of saturated ammonium sulfate
(Tsukimura et al., 2000). The molecular
mass (MM) of S. ingentis Vn was found to
be 322 kDa 6 3 kDa by gel filtration chro-
matography. In the Decapoda, the MM of
Vn ranges from 283 kDa to over 600 kDa,
with the Dendrobranchiata possessing low-
er Vn MM than the Pleocyemata (Table 1).
The Vn MM of S. ingentis is consistent
within the Dendrobranchiata and the rest of
the Decapoda.

Under denaturing conditions on SDS-
PAGE, S. ingentis Vn separates into three
subunits with MM’s of 182 kDa, 91 kDa,
and 85 kDa (Tsukimura et al., 2000). The
range in number of Vn subunits in the Den-
drobranchiata and Pleocyemata is 2–8 (Ta-
ble 2), most of which are between 2–4 sub-
units. The purified Vn was used to develop
an anti-Vn antiserum. Western blot analysis
was used to ascertain that the S. ingentis
anti-Vn antiserum bound only the three Vn
bands from oocytes and also cross-reacted
with female hemolymph (Fig. 2). No bands
were detected in male hemolymph. Most re-
ports of hemolymph yolk proteins in crus-

taceans have used antisera developed
against Vn and found that these proteins did
not exist in males or in sexually quiescent
females, and thus referred to the protein as
Vg. This demonstrated that the Vn and Vg
are immunologically related. Caution
should be noted in examining results im-
munological results because lipid and car-
bohydrate moiety differences can cause
proteins to be sufficiently dissimilar that an-
tibody cross-reactivity is diminished or ab-
sent (Spaziani et al., 1995). We also used
the anti-Vn antiserum to develop an en-
zyme-linked immunosorbant assay (ELISA)
for vitellogenin, with which we determined
hemolymph levels of Vg that peaked at
about 1 mg/ml during the final stages of
oocyte development (Fig. 1). This hemo-
lymph level of Vg is consistent with levels
reported for other decapod crustaceans that
range from 0.03–10 mg/ml (Table 3).

Hormonal regulation of reproduction

Classical eyestalk ablation experiments
have demonstrated that malacostracan re-
production is under sinus gland control
(Panouse, 1943; Brown and Jones, 1947;
Stephens, 1952; Carlisle, 1953; Gomez,
1965). These and more recent studies have
been extensively reviewed (Adiyodi, 1985;
Fingerman, 1987; Chang, 1992; De Kleijn
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TABLE 2. Number of vitellin subunits in crustacean yolk proteins.

# Subunits

Pleocyemata:
Astacidea: Homarus americanus

Homarus gammarus
Ibacus ciliatus
Procambarus clarkii

3
3 prs
2 prs
3
5

Salares et al., 1979
Tsukimura et al., submitted
Zagalsky 1985
Komatsu and Ando, 1992a
Lui and O’Connor, 1976

Brachyura: Callinectes sapidus
Cancer antennarius

Carcinus maenas

4
3
3
21

Lee and Watson, 1995
Puppione et al., 1986
Spaziani et al., 1995
Andrieux and de Frescheville 1992

Charybdis feriata
Eriocheir japonica
Potamon potamios
Uca pugilator

2
2
3
2

Komatsu and Ando, 1992b
Komatsu and Ando, 1992b
Pateraki and Stratakis, 1997
Eastman-Reks and Fingerman, 1985

Caridea: Macrobrachium rosenbergii

Pandalus kessleri

2
4
2

Lee et al., 1997
Komatsu and Ando, 1992b
Quinitio et al., 1989

Dendrobranchiata:
Penaeoidea: Penaeus chinensis

Penaeus monodon
5
5
4
8

Chang et al., 1996
Quinitio et al., 1990
Chen and Chen, 1993
Chang et al., 1993

Penaeus semisulcatus

Penaeus vannamei

Sicyonia ingentis

4
2
3
4
2
3

Browdy et al., 1990
Tom et al. 1992
Lubzens et al., 1997
Quackenbush, 1989a
Tom et al., 1992
Tsukimura et al., 2000

FIG. 1. Yolk protein concentrations by reproductive
stage. The female Sicyonia ingentis were staged and
hemolymph concentrations determined using the
ELISA. The Vg levels significantly rise during stage
2–4, where it peaks before significantly decreasing in
stage 5, which immediately precedes ovoposition.
Means (6SEM) followed by the same letter are not
significantly different (1-way ANOVA, Tukey’s Test
@ P , 0.05). From Tsukimura et al., 2000.

and Van Herp, 1995). Briefly, the removal
of the sinus gland, a neuralhemal organ that
is situated at the peripheral end of the eye-
stalk allows simple removal by ablation
techniques, has demonstrated that a gonad-
inhibiting hormone (GIH) exists. This neu-
ropeptide has been also referred to as the
ovarian-inhibiting hormone (Klek-Kawin-
ska and Bomirski, 1975; Kulkarni and Na-
gabhushnam, 1980), and the vitellogenin-
inhibiting hormone (Gohar et al., 1984;
Soyez et al., 1987; Aguilar et al., 1992). In
addition, the sinus gland has been suggested
to contain vitellogenin-stimulating com-
pounds (Junéra et al., 1977; Picaud and
Souty, 1980; Zerbib and Meusy, 1983;
Charniaux-Cotton, 1985).

Eyestalk ablation can also result in molt-
ing (see reviews: Adiyodi, 1985; Chang,
1992). Thus, eyestalk ablation stimulates
molting in some animals and reproduction
in others. This suggests that intermediate
factors may be involved in stimulating the
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FIG. 2. Western Blot of Sicyonia ingentis hemolymph and vitellin. SDS-PAGE separation of yolk proteins
demonstrates the presence of three subunits in female hemolymph and purified vitellin that are immunoreactive
to the anti-vitellin antiserum. No immunoreactivity is observed with male hemolymph. Vn indicates vitellin,
‘‘Female’’ and ‘‘Male’’ indicate source of hemolymph, and HPT is a hepatopancreas extract. Molecular mass
prestained markers are in the left column (BioRad: myosin, 203 kDa; b-galactosidase, 116 kDa; b-galactosidase,
97 kDa; ovalbumin, 45 kDa). From Tsukimura et al., 2000.

reproductive system. Various tissues, in-
cluding the brain, thoracic ganglion, and
mandibular organ have been examined for
substances that stimulate reproductive pro-
cesses. The thoracic ganglia contain factors
that stimulate or accelerate oocyte devel-
opment (Otsu, 1960; Hinsch and Bennett,
1979; Kulkarni et al., 1981; Sarojini et al.,
1982; Takayanagi et al., 1986). Stimulation
of sexually quiescent shrimp by extracts of
the thoracic ganglion suggests that stimu-
latory factors exist (Otsu, 1963). Likewise,
implantation of brain tissue into the crab,
Paratelphusa hydrodromous, has been
shown to accelerate oocyte development
(Gomez, 1965). Brain extracts also en-
hanced oocyte growth in Parapenaeopsis
hardwickii, Macrobrachium kistnensis and
Paratya compressa (Kulkarni et al., 1981;

Sarojini et al., 1982; Takayanagi et al.,
1986).

Another tissue that may be involved in
the regulation of reproduction is the man-
dibular organ (MO). The histological ap-
pearance of the MO led to the suggestion
that its activity increases during reproduc-
tion (LeRoux, 1974; Hinsch, 1980). Shortly
thereafter, lipid based materials, either ter-
penoid or steroid, were shown to be pro-
duced by the MO (Laufer et al., 1987;
Couch et al., 1987). Methyl farnesoate
(MF), a terpenoid, will be discussed in de-
tail in this volume (see: Borst et al., 2001;
Laufer and Biggers, 2001). The role MF in
reproduction was originally inferred by cor-
relating oocyte size and MF levels in the
hemolymph (Borst et al., 1987; Laufer et
al., 1987; and Borst et al., 1995). More ma-
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TABLE 3. Vitellogenin levels in crustacean hemolymph.

Stage

Pleocyemata:
Brachyura:

Cancer antennarius
Callinectes sapidus
Potamon potamios

0.029 mg/ml
4.1
10

Hi*
IV
Hi*

Spaziani, ’88
Lee and Puppione, ’88
Pateraki and Stratakis, ’97

Caridea:
Macrobrachium rosenbergii

M. nipponense
Pandalus kessleri

2.5 mg/ml
2.9
9
3.6

IV
III
D0#
Hi*

Chang and Shih, ’95
Lee and Chang, ’97
Okumura et al., ’92
Quinitio et al., ’89

Astacidea:
Homarus americanus 0.7 mg/ml IV Tsukimura et al., submitted

Dendrobranchiata:
Penaeoidea:

Penaeus vannamei

Penaeus japonicus
Penaeus semisulcatus
Sicyonia ingentis

0.9 mg/ml
7
1.7
0.44
1.04

V
V
Hi
IV
IV

Quackenbush, ’89b
Quinitio et al. ’94
Yano, ’87
Shafir et al., ’92
Tsukimura et al., ’00

199: indicates highest amount reported by author(s).
#: data presented in molt stages.

TABLE 4. Effects of methyl farnesoate on crustacean reproduction.

; Homarus americanus
; Macrobrachium rosenbergii
1 Procambarus clarkii
1 Penaeus vannamei
; Triops longicaudatus
2* Triops longicaudatus

Tsukimura et al., ’93
Wilder et al., ’94
Laufer et al., ’98
Tsukimura and Kamemoto, ’91
Riley and Tsukimura, ’98
Linder and Tsukimura, ’99

1 Reproductive Stimulation
; No Effect.
2* Inhibition of Reproduction Following MF Administration During Juvenile Stages.

nipulative data has shown mixed results for
stimulating oocyte development (Table 4).
Incubation of ovarian tissue with MF and
the addition of MF to the diet have both
been shown to stimulate ovarian develop-
ment of Penaeus vannamei and Procam-
barus clarkii (Tsukimura and Kamemoto,
1991; Laufer et al., 1998). However, no sig-
nificant effects were detected in Homarus
americanus and Macrobrachium rosenber-
gii when MF was injected into senescent
females with MF (Tsukimura et al., 1993;
Wilder et al., 1994). With the half-life of
MF less than one hour, it is possible that
the incidental presence of MF was insuffi-
cient to reinitiate reproduction. Conversely,
MF incubations with fully active T. longi-
caudatus ovarian tissue might not be rec-

ognized because vitellogenesis was already
near maximal capacity (Riley and Tsuki-
mura, 1998).

One hypothesis (Laufer et al., 1987) sug-
gested that MF may act as a juvenile hor-
mone-like compound that, as in insects,
maintains juvenile morphology and enhanc-
es reproduction in adults. We have recently
reported that MF significantly reduced the
number of developing oocytes when admin-
istered continuously to juvenile tadpole
shrimp, T. longicaudatus (Linder and Tsu-
kimura, 1999). Our Triops data seem to
supports Laufer and colleagues (1987) ini-
tial ideas that MF may act as a juvenilizing
agent in Crustacea.

The ultrastructure of the MO led some
investigators to suggest that the MO might
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TABLE 5. Effects of steroids in Dendrobranchiata (Decapoda).

Progesterone:
1 Parapenaeopsis hardwicki
1 Metapenaeus ensis
1 Penaeus vannamei
; Penaeus vannamei
; Sicyonia ingentis

Kulkarni et al., ’79
Yano, ’85
Quackenbush, ’92
Tsukimura and Kamemoto, ’91
Tsukimura et al., ’00

17a-hydroxyprogesterone:
1 Parapenaeopsis stylifera
1 Penaeus japonicus
1 Penaeus vannamei
; Penaeus esculentus
; Sicyonia ingentis

Nagabushanam et al., ’80
Yano, ’87
Tsukimura and Kamemoto, ’91
Koskela et al., ’92
Tsukimura et al., ’00

17b-Estradiol:
; Penaeus vannamei
1 Penaeus vannamei
; Sicyonia ingentis

Tsukimura and Kamemoto, ’91
Quackenbush, ’92
Tsukimura et al., ’00

produce steroid compounds (Yudin et al.,
1980; Hinsch, 1981). The presence of the
vertebrate steroid progesterone was later re-
ported in the MO (Couch et al., 1987). In
addition, the presence of the non-ecdyster-
oid steroid hormones has been reported in
other crustacean tissues (Donahue, 1940;
Lisk, 1961). Three steroids (17b-estradiol,
progesterone, and 17a-hydroxyprogester-
one) have been extensively examined for
their effects on reproduction and have pro-
duced variable results (Table 5). Many of
these studies used increases in the Gonad/
Somatic Indices or ovoposition as an end-
point that might obscure immediate effects
from injected hormones. We have expanded
the database on the effects of steroid com-
pounds in S. ingentis using the hemolymph
levels of yolk proteins. For three consecu-
tive days, sexually quiescent female shrimp
were injected with one mg injections of pro-
gesterone, 17a-hydroxyprogesterone, or
17b-estradiol. None of the three steroid hor-
mones produced a significant change in he-
molymph vitellogenin levels during any of
the seven days following the first injection.
Using a similar approach, we have also test-
ed these steroids (50 mg) into the American
lobster, H. americanus, and found them to
be ineffective in elevating hemolymph vi-
tellogenin levels (Tsukimura, Waddy and
Borst, unpublished data). One explanation
for these results it that the endocrine envi-
ronment of sexually quiescent females,
which probably involves high levels of

GIH, may have made these animals unre-
sponsive to the steroid compounds. Studies
on isolated tissues, physically separated
from GIH, would clarify the effects of ste-
roids on vitellogenesis. However, the tis-
sues in which vitellogenin is synthesized
has not been clearly demonstrated in many
species.

Biological markers to identify endocrine
compounds

One difficulty in identifying compounds
that stimulate crustacean reproduction is the
lack of adequate biological markers for re-
production. As we stated earlier, Vn can
easily be purified and characterized. How-
ever, a problem with using the presence of
yolk proteins as indicators of reproduction
is that their presence in tissues does not
clearly distinguish between synthesis, stor-
age, or degradation. Indeed, the location of
Vg synthesis has produced much contro-
versy. This uncertainty makes difficult the
examination of direct hormone effects upon
incubated tissues. Previous studies suggest
that the site of decapod crustacean vitello-
genin synthesis is the ovary, the hepatopan-
creas or both (Table 6). The primary assay
for these reports has been the cross-reaction
of anti-Vn antibodies to antigens located in
tissues, such as the ovary and hepatopan-
creas. In addition, recent experiments have
examined the incorporation of labeled ami-
no acids into proteins that might co-migrate
with native yolk proteins or immunoprecip-
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TABLE 6. Site of Crustacean Vitellogenin Synthesis.

Dendrobranchiata:
Penaeus vannamei
Penaeus japonicus
Penaeus semisulcatus

HPT & Ovary
Ovary
HPT & Ovary

Quackenbush, ’92
Yano and Chinzei, ’87
Browdy et al., ’90
Fainzilber et al., ’92
Shafir et al., ’92
Khayat et al., ’94b

Pleocyemata:
Callinectes sapidus Ovary Lee and Watson, ’95

Lee and Walker, ’95
Carcinus maenas
Homarus americanus
Libinia emarginata
Macrobrachium lanchesteri
Macrobrachium rosenbergii

HPT
HPT and Ovary
HPT
HPT
HPT

Paulus and Laufer, ’87
Dehn, et al., ’83
Paulus and Laufer, ’87
Khoo et al., ’90
Sagi et al., ’95
Lee and Chang, ’97

Procambarus

Scylla serrata
Uca pugilator

Ovary

HPT
HPT
Ovary

Lui et al., ’74
Lui and O’Connor, ’76
Tuberty and Fingerman, ’97
Rani and Subramonium, ’97
Eastman-Reks and Fingerman, ’85

itate with anti-Vn antisera. There is no clear
division of Vg synthesis sites between De-
capoda taxonomic suborders (Dendrobran-
chiata and Pleocyemata).

Reports suggesting that Vg is synthesized
in the ovary extend over a number of tax-
onomic levels from the Brachyura, Astaci-
dea, Caridea and Penaeoidea (Lui et al.,
1974; Yano and Chinzei, 1987; Quacken-
bush, 1992; Browdy et al., 1990; Fainzibler
et al., 1992; Khayat et al., 1994a; Lee and
Walker, 1995; Lee and Watson, 1995; Sagi
et al., 1995). Evidence indicating that Vg
synthesis occurs in the hepatopancreas oc-
curs from the same groups (Dehn et al.,
1983; Paulus and Laufer, 1987; Khoo et al.,
1990; Shafir et al., 1992; Khayat et al.,
1994b; Sagi et al., 1995; Lee and Chang,
1997; Rani and Subramonium, 1997; Tub-
erty and Fingerman, 1997). Recent attempts
at obtaining Vg-mRNA have thus far been
inconclusive. A 1.1 kb mRNA was found
to be abundant in both the hepatopancreas
and ovary, however the product was never
shown to be Vg-mRNA (Khayat et al.,
1994b). Synthesis of Vg at an extra-ovarian
site is corroborated by the discovery of Vg
receptors (presumably receptors for endo-
cytosis) in ovarian tissues of lobsters and
crayfish (Jugan and Van Herp, 1989). De-
termining the site of Vg synthesis will per-

mit a more precise examination of chemical
mediators that stimulate and enhance Vg
production.

To identify the site of Vg synthesis, we
have used standard techniques (Chomczyn-
ski and Sacchi, 1987) to isolate Vg tran-
scripts from both the ovary and hepatopan-
creas of S. ingentis (Pooyan, 1998; Pooyan
et al., 1999). Purity of the total mRNA ex-
traction was significantly increased by per-
forming additional phenol:chloroform ex-
tractions (Pooyan, 1998). Reduction in the
number of transcripts that were screened
was accomplished by synthesizing a 30-mer
degenerate probe (biotinylated), which was
generated from a ten amino acid residue se-
quence (N-terminus—YITEANEVAF—C-
terminus) of the 182 kDa subunit of vitellin.
These ten amino acids that produced the
least degenerate probe were selected from
a longer peptide sequence. The hybrid of
transcript and biotinylated-probe were re-
covered using streptavidin covered magnet-
ic beads. To construct partial cDNA librar-
ies, the first strand was synthesized using
AMV reverse transcriptase, and was com-
pleted with DNA polymerase I (Young and
Davis, 1982). Standard procedures were
used to insert the cDNA into an expression
vector, l gt-11 phage. The insertion site was
into Lac Z region (b-galactosidase) of the
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phage, which allowed blue/white screening
for successful insertions.

The cDNA libraries were screened using
standard protocols (Sambrook et al., 1989).
We used the S. ingentis anti-Vn antiserum,
which we developed earlier, to determine
which of the positive colonies contained the
Vg sequence. We found a 2.9 kilobase
clone in both the hepatopancreas and ovary
cDNA libraries, which suggests that both
tissues are responsible for synthesizing Vg
(Pooyan, 1998). These data are similar to
that found in Penaeus vannamei using in-
corporation of label-amino acids (Quack-
enbush, 1989a). Future studies will be con-
ducted to determine when Vg of these two
tissues is expressed and if differential ex-
pression occurs during the reproductive cy-
cles. We are currently in the process of de-
termining the gene sequence of Vg and will
compare the sequences between the hepa-
topancreas and ovary to determine their
similarity. Obtaining the gene sequence will
allow us to develop probes that will assist
us in the assessment of hormonal control of
vitellogenesis in S. ingentis and provide a
model system with which other hormones
can be tested in other crustaceans.

SUMMARY

Determining the regulation of crustacean
vitellogenesis has been a difficult and pro-
tracted task. The increase in the number de-
scriptions of vitellogenin and vitellin has
increased the ability to comprehend the dif-
ferences that exist in decapod crustaceans.
Using S. ingentis, we have characterized the
Vn as a 322 kDa molecule that separates
into three subunits. Against the purified Vn,
we developed an anti-Vn antiserum that we
used to develop an ELISA to detect he-
molymph levels of Vg. Injections of pro-
gesterone, hydroxyprogesterone and estra-
diol did not increase hemolymph levels of
yolk proteins in sexually quiescent shrimp.
A likely reason for this result is that gonad-
inhibiting hormone may prevent any oocyte
development.

The introduction of molecular techniques
will augment the ability to study the regu-
lation of yolk protein synthesis. As a start,
through screening cDNA libraries, we have
identified a 2.9 kilobase clone both the ova-

ry and hepatopancreas as sites of Vg syn-
thesis. We are currently obtaining a se-
quence for these clones, with which we will
be able to screen a number of hormones in
vitro to determine the efficacy on the stim-
ulation of Vg transcription.

ACKNOWLEDGMENTS

The author wishes to recognize his past
and current graduate students for their as-
sistance in compiling sufficient data that
permitted me to be invited to participate in
this symposium: J. S. Bender, C. J. Linder,
J. Oldenkamp, K. Murphy, R. Pooyan, L.
G. Riley, S. Stukovsky, and A. Toste. In
addition, Drs. D. W. Borst and P. M. Hop-
kins need to be recognized for their efforts
in organizing this symposium. This re-
search was funded in part by a grant from
the National Sea Grant College Program,
National Oceanic and Atmospheric Admin-
istration, U.S. Department of Commerce,
under grant number NA36R-G0-537, pro-
ject number 68A through the California Sea
Grant College System, the California State
University Research and Creative Activity
Award, and College of Science and Math-
ematics Research Award.

REFERENCES

Adiyodi, R. G. 1985. Reproduction and its control. In
D. E. Bliss and L. H. Mantel (eds.), Integument,
pigments, and hormonal processes. Biology of
Crustacea, Vol. 9, pp. 147–215. Academic Press,
Inc. Orlando, Fla.

Aguilar, M. B., L. S. Quackenbush, D. T. Hunt, J. Sha-
banowitz, and A. Huberman. 1992. Identification,
purification and initial characterization of the vi-
tellogenesis-inhibiting hormone from the Mexican
crayfish Procambarus bouveri (Ortmann). Comp.
Biochem. Physiol. 102B:491–498.

Anderson, S. L., W. H. Clark, and E. S. Chang. 1985.
Multiple spawning and molt synchrony in a free
spawning shrimp (Sicyonia ingentis: Penaeoidea).
Biol. Bull. 168:377–394.

Andrieux, N. and J. de Frescheville. 1992. Caratéri-
zation de la vitelline secondaire chez le Crustacé
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1977. Détermination du poids moléculare de la
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