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Current evidence indicates that methyl farnesoate is
the crustacean equivalent of the juvenile hormones of
insects. This putative hormone is produced by the man-
dibular organs and is negatively regulated by a neu-
ropeptide produced and secreted by the X-organ-sinus
gland complex of the eyestalk. To identify this neuro-
peptide, a bioassay was developed which measures the
inhibition of methyl farnesoate synthesis by mandibular
organs exposed to fractionated sinus gland extracts
from the crab, Cancer pagurus. Two neuropeptides,
named mandibular organ-inhibiting hormones (MOIH-1
and -2) repressed methyl farnesoate synthesis. MOIH-1
was fully sequenced by automated Edman degradation
of endoproteinase-derived fragments and further char-
acterized by mass spectrometry. This peptide consisted
of 78 residues (M, 9235.6), with unblocked termini and
three intrachain disulfide bridges. MOIH-2 appeared to
be almost identical to MOIH-1 with the exception of a
GIn for Lys substitution at position 33. Comparison with
previously sequenced crustacean neuropeptides shows
that these MOIHs are members of the ever expanding
crustacean hyperglycemic hormone family, with sig-
nificant sequence similarity to molt-inhibiting hor-
mones (MIHSs). It is possible that these two structurally
similar peptides (MIH, MOIH) may control mutually ex-
clusive physiological phenomena (somatic and gonadal
growth), suggesting a complex hormonal integration of
these processes in crustaceans.

It is established that the mandibular organs (MO)?* of deca-
pod crustaceans synthesize and secrete methyl farnesoate
(MF), the unepoxidized precursor of insect juvenile hormone 111
(JH 111) (1-4). MF has been detected in the hemolymph of
many crustaceans (2, 5-7), where it appears to be carried by a
specific binding protein (8—10). Nevertheless, the physiologi-
cally relevant roles of MF have not yet been unequivocally
defined. By analogy to the established roles of JH 111 in insect
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reproduction (11, 12), and in an attempt to unify common
themes in arthropod endocrinology, it has been suggested that
MF has a key role in reproduction (13). MF biosynthesis and
circulating titer have been shown to be positively correlated
with ovarian maturation in some crustaceans (3, 14), and mor-
phological changes in ovarian follicle cells reminiscent of JH-
stimulated patency in insects (15), have been observed in crus-
taceans following injection of JH mimics (16). A further role of
MF as an ecdysiotropin has been suggested, since MO homo-
genates profoundly stimulate molting in vivo (17, 18), and MF
stimulates ecdysteroid synthesis in vitro (19).

With regard to the control of MF synthesis, it has long been
known that eyestalk removal leads to a rapid hypertrophy of
the MO (20, 21). This procedure also results in increases in
synthesis and circulating titer of MF (3, 14), which can be
reduced by injection of sinus gland extract (22). These results
clearly suggest that MF synthesis is modulated by a neuropep-
tide produced and released from the X-organ sinus gland com-
plex of the eyestalk. This phenomenon is particularly signifi-
cant in view of the established roles of the allatostatins in
repressing JH synthesis by the corpora allata in insects (23,
24). Thus, in both insects and crustaceans, juvenoid synthesis
appears to be regulated by inhibitory neuropeptides. It there-
fore, seemed opportune, to identify the neuropeptide(s) regu-
lating MF synthesis in crustaceans. We report here the com-
plete amino acid sequence of a neuropeptide and a variant
which profoundly inhibit MF synthesis in the edible crab Can-
cer pagurus, and demonstrate that these peptides are further
members of the molt-inhibiting hormone (MIH) group within
the crustacean hyperglycemic hormone (CHH) neuropeptide
family. Consideration of structural and functional relation-
ships between these neuropeptides, together with the proposed
roles of MF, suggest that complex interendocrine mechanisms
may control growth and reproduction in crustaceans.

EXPERIMENTAL PROCEDURES
Animals

Edible crabs, C. pagurus, were obtained locally from commercial
fishermen and briefly stored in a recirculating seawater system under
ambient light and temperature conditions prior to use.

Mandibular Organ Bioassay

MO were dissected in pairs from ice-anesthetized, intermolt (Stage
C,) female C. pagurus (noting stage of vitellogenesis) and preincubated
on ice in a drop of modified Medium 199 (25) for 1 h. MO were subse-
quently cultured pairwise (control MO versus treated contralateral MO)
in microtiter plates with 200 ul of the same medium, supplemented
with 37 kBq L-[*H-methyllmethionine (2.92 TBg/mmol; Amersham
Corp.) for upto 24 h at 12 °C, removed, and rapidly frozen in liquid N,
prior to extraction and analysis. MF was extracted from MO by homog-
enization in 700 ul of CH,CN, 4% NacCl: 5/2 vl/v, centrifuged (1000 X g,
10 min, 4 °C), and partitioned (three times) against 500 ul of hexane.
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The dried hexane extract was assayed for [*H]MF using HPLC and an
on-line radioactivity flow monitor (Flo-one/Beta, Canberra Packard
Ltd.). [12-3H]all-trans-MF (0.19 TBg/mmol) was used as a standard.
Chromatographic conditions were: Novapak C,, (Waters) 100 X 8-mm
column, isocratic elution with 80% MeOH, flow rate, 2 ml min~* (re-
tention time (R,) of MF, 21.6 min). The identity of the labeled product
was confirmed by co-chromatography with authentic all-trans-MF on a
silica column (4.6 X 250 mm, 5 um; Rainin Instruments) eluted iso-
cratically with 2% diethyl ether in 50% water-saturated hexane at 1 ml
min~?, by measuring radioactivity and absorbance at 214 nm (R, of MF,
7.0 min). Under our culture conditions, very little (<5%) of the synthe-
sized MF was released into the culture medium. To identify active
fractions obtained by HPLC of sinus gland (SG) extracts (see below),
fractions were pooled, initially dividing the chromatogram into six
zones, dried, and reconstituted in culture medium to 2 SG equivalents
(SGE)/200 wl. This material was bioassayed, using the conditions de-
scribed above, but for 4-h culture periods, and the resultant active zone
further fractionally assayed to determine the bioactive peptide peaks.
Since the inhibition of MF synthesis was highly dependent on the
vitellogenic stage of the donor crab (see “Results”), data were expressed
as an “MF inhibition index,” calculated as the percent inhibition of MF
synthesis in the test sample divided by the mean maximum percent
inhibition of MF synthesis (2SGE) for a crab at the same vitellogenic
stage.

Peptide Purification and lIdentification

Eyestalks were removed from ice-anesthetized, intermolt (Stage C,)
C. pagurus. Sinus glands were dissected in batches of approximately
200, and neuropeptides were extracted in 2 m acetic acid as detailed
previously (26). Extracts were reconstituted in 2 m acetic acid, centri-
fuged (14,000 X g, 5 min) and purified by HPLC. Conditions were:
column, Waters puBondapak phenyl 3.9 X 300 mm; solvent A, 0.11%
trifluoroacetic acid and solvent B, 60% acetonitrile containing 0.1%
trifluoroacetic acid, gradient 30—80% solvent B over 60 min, 1 ml
min~*. Eluate was monitored at 210 nm, and fractions were collected
every minute or manually for identified peptides. Fractions were im-
mediately dried in a vacuum centrifuge and stored at —20 °C.

Peptide Sequencing

1-2-nmol portions (100-200 SG) of the most abundant, bioactive
peptide (hereafter referred to as MOIH-1) were S-carboxymethylated
with iodoacetic acid (27) and purified by HPLC (Bakerbond WP C,g, 4.6
X 250 mm, 40—80% solvent B over 45 min, 1 ml min~%). Nanomole
quantities of S-carboxymethylated peptide (S-CM-MOIH) were cleaved
using one of the following endoproteinases: Lys-C, Asp-N, trypsin
(Boehringer Mannheim, sequencing grade), purified by HPLC, and
small portions of cleaved peptides analyzed for amino acid composition,
using reported procedures (28). Material of high yield and unequivocal
amino acid composition was sequenced on an automated pulsed liquid-
phase sequencer (Applied Biosystems 471A). Additionally, 1-2 nmol
samples of S-CM-MOIH-1 and -2 were N-terminally sequenced to the
limits of unambiguous residue assignment (residue 32).

Mass Spectrometry

Molecular weight determinations from 100-500 pmol quantities of
peptide fragments generated by Lys-C endoproteinase digestion, native
MOIH-1 and -2, and S-CM-MOIH-1 were obtained using a variety of MS
techniques.

Mandibular Organ-inhibiting Hormone of Crabs

Electrospray MS—Samples dissolved in 400 ul of 50% CH;CN con-
taining 0.1% HCOOH were introduced into a VG Quattro MS at 10 ul
min~* using a Waters 600MS HPLC system. Samples were analyzed in
the positive ion mode (source temperature 70 °C; capillary voltage, 3.53
kV; lens voltage, 0.13 kV; scan range, m/z 500-2000; calibration with
equine heart myoglobin).

Matrix-assisted Laser Desorption lonization-MS—Sample was dis-
solved in 50% CH,CN and added to an equal volume of matrix solution
(1% a-cyano-4-hydroxycinnamic acid in 50% CH,CN containing 1%
citric acid). 1 ul of this mixture was analyzed using a Vestec Laser
desorption MS (acceleration voltage, 25 kV; detector voltage, 3.4 kV;
laser at 6% maximum,; calibration with insulin internal standard).

Fast Atom Bombardment-MS—Samples were analyzed on (a) a VG
Quattro MS (positive ion mode; acceleration voltage, 5 kV, cesium ion
gun, 25 kV; mass range, 800-3500 Da; sample was dissolved in 50%
CH,CN, 2 ul mixed with an equal volume of 3-nitrobenzyl alcohol
matrix and smeared on the probe tip), (b) a VG Autospec MS (positive
ion mode, acceleration voltage 8 kV; cesium ion gun, 8 kV; mass range,
4500 Da); sample was dissolved in 50% CH,CN, 2 ul mixed with an
equal volume of glycerol/thioglycerol matrix, including 0.5 ul of 1% HCI
and smeared on the probe tip.

MIH Bioassay

Pooled fractions from HPLC purifications of sinus glands, containing
material previously determined as MOIHSs, and material identified as
MIH (29), were assayed at an approximate dose of 0.75 SGE, using an
in vitro Y-organ bioassay (30), but pairs of halved Y-organs were used

E

[-%

o

T

o 35

_x_ I
. 30} 1
=

o

e 25

- Ablate

2 1

= 20}

=

£

© 15 |

t

:?. 1.0 }

~ [ Controls

S 05 |

=

2

‘é o 1 1 1 1

g 0 5 10 15 20 25
§ Incubation time, hours

Fic. 1. Time course of incorporation of [*H-methyllmethionine
by MO into MF for eyestalk-ablated and intact crabs (controls).
n = 8-10 MO pairs for each point); Bars = S.E. Lines of best fit were
calculated using a curve fitting program (Fig.P, Elsevier Biosoft).

TaBLE |
Incorporation of L-[*H-methyl]methionine into MF by MO pairs
Pairs of MO (L,R) were incubated for between 4-24 h at 12 °C in culture medium supplemented with 37 kBq L-[*H-methyl]methionine.
Incorporation of radiolabel into MF was measured as detailed in the text. Four to five pairs of MO were used for each experiment. Eyestalks were

ablated 24 h prior to experiments. Values are means = S.E.

Incubation time

4h 6h 15h 24 h
Intact crabs
Replicates 5 5 5 3
L R L R L R L R
Conversion to MF, 523 +6.7 57.8=*=55 67.1 =143 81.0+94 757 =247 89.8+9.1 167.1+89 160.3 = 31.0
dpm x 102
Eyestalk-ablated crabs
Replicates 5 5 4 5
L R L R L R L R

Conversion to MF,
dpm X 1073

68.8 = 10.1 67.4*+19.9 113.8*11.0 113.0 +15.6 219.7 = 11.4 207.4 +£15.6 370.0 = 24.7 379.3 =243
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TasLE 11
Inhibition (percent) of MF synthesis in MO by sinus gland extract:
effect of donor vitellogenic stage upon inhibition of MF synthesis
MO pairs from early, mid-, and late vitellogenic crabs (three to five
pairs at each stage) were cultured for 4 h using the bioassay procedures
detailed in the text. Treated MO were exposed to 2 SGE of a crude sinus
gland extract. Values are means * S.E.

Mean = S.E. n
Early vitellogenic ovary 89.7 = 6.1 5
Mid-vitellogenic ovary 53.4 = 11.7 5
Late vitellogenic ovary 174 = 8.7 3

instead of the pairwise comparison originally described. Ecdysteroid
radioimmunoassay (31) used an antiserum (Code H2A) raised against
the 22-succinyl derivative of ecdysone (32).

RESULTS

During culture periods between 4 and 24 h, MO synthesized
MF in an asymptotic manner, and it was significant to note
that in animals that had been eyestalk-ablated 24 h prior to
assay, MF biosynthesis more than doubled compared with eye-
stalk-intact animals when MOs were cultured over a 24-h
assay period (Fig. 1). Analysis of MF synthesis by pairs of
glands over this period (Table I) showed that MO pairs taken
from eyestalk-ablated crabs produced very similar quantities of
MF; pairwise comparison by matched-paired t test showed no
significant difference in means between MO pairs and highly
significant pairing correlations (0.8—0.99). For eyestalk-intact
crabs, rather greater variation was evident. Nevertheless, sig-
nificant differences in MF synthesis could not be observed
between means of replicates of gland pairs. Thus, since pairs of
MO produce similar quantities of MF, this assay could be used
for the further identification of MOIH, where one gland acted
as a control and the contralateral gland as a treatment. When
MO were exposed to crude sinus gland extract, MF synthesis
was profoundly inhibited, but an intriguing finding was that
the degree of inhibition was highly dependent on the stage of
vitellogenesis of the MO donor; maximal in early vitellogenic
animals and minimal in animals that had completed vitello-
genesis (Table I1). Since vitellogenic crabs were found through-
out the year, the (preferable) use of only early vitellogenic crabs
would have been impracticable in view of the much larger
numbers required. Thus, inhibition of MF synthesis was calcu-
lated as an index as detailed above. Since MO rapidly con-
verted significant amounts of radiolabeled methionine to MF,
the incubation period for the bioassay was usually 4 h; during
this period MO from eyestalk-ablated donors incorporated
around 80,000 dpm of radiolabel from L-[*H-methylJmethionine
to MF (Fig. 1, Table I). Dose-response experiments demon-
strated dose dependence of MF synthesis to inhibitory effects of
various amounts of SG extracts (Fig. 2), although considerable
variability in inhibition was observed at doses below 0.05 SGE.

Bioassay of HPLC-purified SG showed that two prominent,
closely eluting neuropeptides (MOIH-1 and -2) inhibited MF
synthesis (Fig. 3). Since MOIH-1 was at least twice as abun-
dant in the SG (approximately 10 pmol/SG) compared with
MOIH-2, this material was first fully sequenced. Digestion of
peptide with Lys-C endoproteinase gave highly reproducible
cleavage patterns (Fig. 4), and the fragments were sequenced
by Edman degradation and their M, determined by mass spec-
trometry (Table Il1). In every instance, agreement was ob-
tained between masses predicted by sequence and mass spec-
trometric analysis, within the limits of accuracy of the latter
techniques. Overlaps were obtained by selective sequencing of
peptide fragments obtained by digestion with Asp-N, and tryp-
sin, and from N-terminal sequencing of S-CM-MOIH-1, as de-
tailed in Fig. 5. The predicted molecular weights of native and
S-CM-MOIH-1 were in complete agreement with mass spectro-
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Fic. 2. Dose-response relationship showing inhibition of MF
synthesis in MO exposed to homogenates of SG (from intermolt
crabs). MO were taken from intermolt crabs previously eyestalk-ab-
lated (24 h) and cultured for 4 h. n = 5-9 MO pairs for each point.
Bars = S.E.
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Fic. 3. HPLC profile of 215 C. pagurus SG. Chromatographic
conditions were: column, Waters pBondapak phenyl, 3.9 X 300 mm;
solvent A, 0.11% trifluoroacetic acid; solvent B, 60% acetonitrile con-
taining 0.1% trifluoroacetic acid, gradient 30—80% solvent B over 60
min, 1 ml min~*. The upper inset shows bioassay results from pooled
fractions (6) covering the entire chromatogram. The lower inset shows
bioassay results for fractions within the active zone (tubes 41-50). n =
6—8 pairs of MO for each assay. MO were taken from intact crabs and
cultured for 4 h. Bars = S.E. Active peaks (MOIH-1 and -2) are shaded.
Other peptides (CHH, MIH) are indicated.

metric determinations (Table II1).

MOIH-2 displayed an amino acid composition very similar to
that of MOIH-1 (Table 1V). Within the limits af accuracy of the
technique used, the only significant difference was a molar
excess of glutamic acid and deficit of lysine, and the estimated
molecular weight was very similar (9236.9 and 9235.6 for
MOIH-2 and -1, respectively, accurate by ES/MS to ~1 Da).
N-terminal sequencing showed that the first 32 amino acids
were identical. Concurrent digestions of both (S-carboxymethy-
lated) peptides, followed by HPLC (Fig. 4) and amino acid
analysis (data not shown), demonstrated that fragments L2,
L3, and L5 were most likely identical for both peptides. A single
amino acid difference at position 33 from lysine to glutamate or
glutamine would account for the differences in amino acid
composition of the complete peptide and the cleavage pattern
after Lys-C digestion of MOIH-2 (absence of L1 and L4, pres-
ence and amino acid composition of L1 and L4). Limited se-
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a)

Fic. 4. HPLC profiles of Lys-C di-
gestions of S-CM-MOIH-1 (a) and -2
(b). Chromatographic conditions were:
Bakerbond WP C,4 (4.6 X 250 mm) col-
umn, gradient elution 10—80% solvent B
over 1 h, flow rate 1 ml min~?* (solvents
were as detailed in the text). Retention
times are given on the peaks. Identifica-
tion codes are referred to in text.

Absorbance at 210nm
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TasLE 111
Mass spectrometry of endoproteinase-derived fragments of MOIH-1, native MOIH-1 and -2, and S-carboxymethylated MOIH-1
100-500 pmol of peptide was used for each measurement. S-CM-, S-carboxymethyl; C = S-carboxymethylcysteine; L1-L5, Lys-C-derived
fragments of S-CM-MOIH-1; FAB, fast atom bombardment-MS; MALDI, matrix-assisted laser desorption ionization-MS; ES, electrospray MS; ND,

not determined.

Calculated (FAB)

Code Sequence M, MALDI ES
L1 DCANIFRK 1024.3 (1023.5) 1023.9
L2 RRINNBCQNIFGNRAMYEK 2400.7 ND 2398.9
L3 VDWICK 820.9 (820.6) 820.4
L4 DGLLNNCRSNCFYNTEFLWIDATENTRNK 3730.0 ND 3729.1
L5 EQLEQWAAILGAGWN 1685.9 1685.7 ND
S-CM-MOIH-1 9589.7 ND 9589
MOIH-1 9235.6 9238 9235.6
MOIH-2 9235.7 ND 9236.9

guencing of L1 and L4 confirmed that residue 33 of MOIH-2
was glutamine rather than glutamate.

HPLC fractions containing both MOIHs and those contain-
ing MIH were assayed for MIH activity (repression of ecdys-
teroid synthesis by Y-organs in vitro) at an approximate dose of
0.75 SGE. MIH repressed ecdysteroid synthesis to the maxi-
mum possible extent in this assay (mean = S.E.: 61.85 *= 4.4%
repression, n = 11), while MOIH showed much less activity,
with considerable variability in response (24.75% =+ 14.7%,
n = 10).

DISCUSSION

This investigation has identified a neuropeptide from the
sinus gland of C. pagurus, which represses synthesis of the
crustacean juvenile hormone, MF, by the mandibular organ
and is, thus, named MOIH. With respect to the action of this
neuropeptide, two features are of interest. First, the synthesis
of MF was higher in eyestalk-ablated crabs compared with
controls, suggesting that the synthesis of MF is continuously
modulated by MOIH and that the MO are rapidly activated in
the absence of the inhibitory influence of this hormone. A
similar phenomenon has been reported for the spider crab,
Libinia emarginata (3), and the lobster, Homarus americanus
(33). Second, the degree of inhibition of the MO by MOIH is
related to the vitellogenic stage of the MO donor crab, being
maximal during early stages of vitellogenesis and minimal in
animals that had completed vitellogenesis.

Two SG neuropeptides, MOIH-1 and -2 inhibited MF synthe-
sis in vitro. The former was fully sequenced and was found to be
a 78 residue peptide (average M, 9235.6), with unblocked N
and C termini. Consideration of sequence and mass spectro-

metric results suggested three intrachain disulfide bridges.
Although MOIH-2 was not completely sequenced, the first 32
residues were identical, and Lys-C digestions, amino acid anal-
ysis of fragments, limited sequencing of L1 and L4 and molec-
ular weight determination demonstrated that Lys was replaced
by GIn at position 33. This difference could be accounted for by
a single base substitution (A-C). While this might suggest
allelic polymorphism, preliminary results obtained from HPLC
analysis of SG peptides from individual crabs show that both
MOIHs are always present.

The sequence of MOIH clearly shows significant similarities
(50—-60%) to members of the CHH group and in particular to
members of the MIH and vitellogenesis-inhibiting hormone/
gonad-inhibiting hormone (VIH/GIH) neuropeptides (Fig. 6).
While an early study to identify neuropeptides involved in
regulation of MF synthesis suggested that the chromatophoro-
trophins, red pigment-concentrating hormone and pigment-
dispersing hormone, respectively, stimulated and inhibited MF
synthesis in the crayfish Procambarus clarkii (34), we have
been unable to confirm this result in C. pagurus. However,
recent studies using P. clarkii (35) have indicated that a CHH-
like molecule inhibits MF synthesis in this species, a result at
least reconcilable with our results. Furthermore, a recent pre-
liminary report? has indicated that in the spider crab, L. emar-
ginata, three peptides that inhibit MF synthesis, and that also
have hyperglycemic activity, have been isolated; the primary
structure of one of the peptides indicates that it is a CHH-like
molecule. In C. pagurus, material identified by homologous
bioassay as CHHs elute in HPLC separations of SGs as two
prominent, incompletely separated peaks with retention times
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of around 50 min. While CHH is moderately active in repress-
ing ecdysteroid synthesis by the Y-organs, in addition to MIH,
in C. pagurus (29) and Carcinus maenas (26), it should be
stressed that neither of these peptides exhibited any inhibitory
activity on MO in vitro (see Fig. 3). Thus, in C. pagurus it is
clear that CHH does not act as an MOIH and that MF synthe-
sis is inhibited by distinct MOIHs.

In a broader context, it is of interest to note that the MOIH
neuropeptides identified in this study, and those inferred from
studies on P. clarkii (34) and L. emarginatta® show no sequence
similarities with the allatostatins identified in insects (23, 24).
Thus, an important dichotomy in neurohormonal control of
juvenoid synthesis (JH, MF) in arthropods is now evident.

The relationship between MIH and MOIH is of particular
interest, since these neuropeptides, respectively, inhibit ecdys-
teroid (26) and juvenoid synthesis. HPLC fractions correspond-
ing to MIH were inactive in the MOIH bioassay, and MOIH had

2 L. Liu and H. Laufer (1995) Poster presented at the Sixth Interna-
tional Conference on the Juvenile Hormones, Woods Hole, MA
(September 10-15, 1995).
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Fic. 5. Amino acid sequence of MOIH-1. Solid lines refer to com-
pletely sequenced material and solid and dashed lines to sequences
inferred by partial sequencing and amino acid analysis. L1-L5 = frag-
ments from Lys-C digestion; A3, A6, and A7 = fragments from Asp-N
digestion; T5, T8, and T9 = fragments from trypsin digestion, N =
N-terminally sequenced fragment.

Cam MIH:

Cas MIH:

Cap MIH: "
Cap MOIE-1(-2):
Hoa VIH:
Hoa MIH:
Pev MIH:
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a somewhat limited and variable activity in the MIH bioassay.
Thus, despite sequence similarities, MIH and MOIH appear to
be functionally distinct. Nevertheless, consideration of a recent
report (19), which demonstrated that ecdysteroid synthesis by
Y-organs of Cancer magister could be promoted in the presence
of MF- or MO-conditioned medium, in addition to reports which
clearly demonstrate that injection of MO homogenates pro-
foundly accelerate molting in vivo by heterologous bioassay in
a variety of crustaceans (17, 18), suggest that MF may gener-
ally act as an ecdysiotropin. Whilst the direct inhibitory influ-
ence of MIH and CHH on Y-organs is well established (for a
recent review, see Ref. 36), our findings clearly show that
MOIH represses MF synthesis. Thus, considering the reports
detailing the ecdysiotropic ativity of MF, it seems entirely
reasonable to suggest that synthesis of ecdysteroids by the
Y-organ, and consequently molting, may be directly controlled
by MIH and CHH, and indirectly by MOIH, clearly suggesting
complex, essentially inhibitory regulatory mechanisms, with-
out precedent in the arthropods.

With respect to establishing physiologically relevant roles for

TaBLE IV
Amino acid analysis of MOIH-1 and -2
200-500 pmol of peptides were hydrolyzed in 6 m HCI in the gas-
phase for 1 h at 150 °C. Dried hydrolysates were analyzed by o-phthal-
dialdehyde precolumn derivatization and HPLC. Left column refers to
amino acid composition derived from sequence. ND, not determined.

Amino acid MOIH-1 sequence MOIH-1 analysis MOIH-2 analysis

Asx 17 14.8 15.0
Glx 8 8.7 9.7
¥Cys 6 ND ND
Ser 1 1.3 1.5
Pro 0 ND ND
His 0 0 0

Arg 6 6.3 6.3
Gly 4 5.1 5.1
Thr 3 3.0 3.1
Ala 6 6.0 6.1
Tyr 2 2.2 2.4
Trp 4 ND ND
Met 1 2.2 1.8
Val 1 1.5 1.7
Phe 4 4.0 3.8
e 6 6.2 6.1
Leu 5 5.6 6.1
Lys 4 4.4 3.5

DLRHDVSRFLKMANSALS

Fic. 6. Sequence alignment and comparison of MOIH-1 and -2 with MIH neuropeptides. Shading indicates identical residues.

Abbreviations and references: Cam MIH = C. maenas MIH (28), Cas MIH = Callinectes sapidus MIH (42), Cap MIH = C. pagurus MIH (29), Hoa

VIH = H. americanus VIH (40, 43), Hoa MIH = H. americanus MIH (27), Pev MIH = Penaeus vannamei MIH-like peptide (44). Sequence
similarities (percent), compared with the archetype MIH (Carcinus) are shown in brackets. Gaps (-) have been introduced to maximize sequence
similarity. The asterisk indicates substitution of K in MOIH-1 by Q in MOIH-2.
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MOIH in the control of reproduction, the somewhat equivocal
role of MF in this process is of critical importance. Whilst the
balance of evidence suggests that MF has a key role (see Ref. 13
for review) in stimulating gonadal development, and in view of
correlative relationships between MF titer and ovarian matu-
ration in some crustaceans (3, 14), firmly established roles for
MF in defined physiological processes during gonadal matura-
tion remain to be defined, in contrast to well established roles
of JH 11 in insect reproduction (37). Despite such shortcom-
ings, two aspects of this study may relate to the proposed
involvement of MF and MOIH in reproduction. First, the var-
iation in inhibitory action of MOIH, which was found to be
highly dependent on the ovarian stage of the donor. For crabs
in very early vitellogenic stages, MOIH inhibition was maxi-
mal, and the inhibitory activity of MOIH declined quite mark-
edly during subsequent stages of vitellogenesis. This phenom-
enon suggested that MOs become insensitive to MOIH during
vitellogenesis. A further observation that may be of conse-
guence with respect to the initiation of vitellogensis is that a
marked, but transient, rise in MF levels is seen in C. pagurus
hemolymph at the onset of secondary vitellogenesis (38). The
second observation relates to the similarity of structure be-
tween MOIH and the VIH/GIH. A classical tenet in crustacean
endocrinology concerns the action of VIH. This sinus gland
neuropeptide apparently inhibits vitellogenesis, as evidenced
by many studies reporting accelerated gonadal development in
sexually mature eyestalk-ablated female crustaceans (for re-
view, see Ref. 39). The only fully characterized (sequenced) VIH
(40) was identified from H. americanus sinus glands using a
heterologous in vivo bioassay (41). Thus, it is entirely feasible
that the action of this hormone was indirect in that its action
could involve repression of MF synthesis in the donor, i.e.
VIH/GIH is equivalent to MOIH. Indeed, the evident sequence
similarity between MOIH and VIH might support this view.
While this study has identified new peptides, which are
likely to be of key importance in controlling reproduction and
growth, it should be stressed, if further reiteration is indeed
necessary, that very little is known about the physiological
significance of any of the CHH or MIH group peptides, and it is
evident that complex interendocrine interactions will be dis-
covered. We are currently continuing our work on MOIH, MIH,
and MF using molecular, biochemical, immunological, and
physiological approaches to address these problems.
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