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ABSTRACT

The effect of different concentrations of methytniesoate (MF), a compound with juvenile hormonevigt
found in crustacea, was investigated on the reigulaif MF synthesis by the crayfish mandibular ard®O) in vitro.
Nonvitellogenic animals have small ovaries withZgbnad somatic index (GSI), MF in the blood is ka0.30ng/ml and
MF synthesis by MOs was low at 8.5ng/hr. Vitelloigeanimals have 10 times larger ovaries, 3 timesenMF in the
blood and 2 times more MF synthesis by MOs tharvitelfogenic animals. In controls the right andt Ip&ired glands
(MOs) have the same MF synthesis rates. A 1ng/niiBfadded to the media increased MF synthesis 8¢ @0er
controls in MOs from nonvitellogenic animals. Thisncentration did not alter MF synthesis in MOsraitellogenic
animals. A 20ng/ml concentration of MF added tortredlia of MOs from vitellogenic animals significgndecreased MF
synthesis by 21%. A 20ng/ml MF in the media did alter the MF synthesis by MOs from nonvitellogeaiémals. These
results indicate that in nonvitellogenic animald; Bynthesis by MOs is increased by low levels of Wile in MOs from
vitellogenic animals at higher MF concentrations B{iathesis is decreasadvitro. These data suggest that MF levels in
the hemolymph may play in regulating MF synthesisiitro both in a positive direction in early vitellogenémd a

negative direction in later vitellogenic stagessgibly by feedback. Such feedback control may fisotionin vivo.
KEYWORDS: Crayfish, Methyl Farnesoatin Vivo Feedback, Mandibular Organ
INTRODUCTION

The mandibular organ (MO) of crustacea is a smadtldss gland associated with the mandibular tervdaich
produces methyl farnesoate (MFMF is the unepoxidated form of the insect juvetiibrmone, JH lIl. In insects, juvenile
hormone plays several regulatory roles both asdmmnapins and morphogensn crustacea, MF is thought to play a role
in morphogenesis * reproduction®’, larval developmefit osmoregulatiohand molting***!in a manner similar to insect
JH.

Knowledge is accumulating about the regulation &f 8ynthesis by the MO. Synthesis of MF is inhibitgda
peptide, mandibular organ inhibiting hormone (MQlHjecreted from the sinus gland X-organ complexthia

§h1213.14.151617Eyestalk ablation increases biosynthesis of MiFiaraccompanied by a three fold increase in MO

eyestalk
protein content in crayfisfProcambarus clarkii'’. Carcinus maenas hemolymph levels of MF increase in response to
osmotic stress In Libinia emarginata, variations of MF concentration in the haemolyrpid its synthesis by the MO
depends on developmental stage, gender, and smatatity. Juvenile and non-reproductive femalesehthe lowest
levels of MF in the haemolymph compared to reprtidacanimal$® In females the production of MF by MOs increases

during vitellogenesis, then decreases to previelfic level when oocytes mattirén Oziotel phusa senex senex thein vivo
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MF levels have been correlated with ovarian maimmaand molting’. In addition to this, MF levels may also vary,
depending on color, behavior, and stt&sk Libinia emarginata degradative activity of the MF varies seasonallg an
according to the reproductive state of the anifndlhe degradation of MF is attributable to specME esterase(§)™

The half-life of MF was estimated to be about 30numés with the hepatopancreas(HP) being most adtive

deesterification.

In addition to the factors mentioned above regntptilF, there may be others. These may include epsaid
sequestration by cells and tissues, metabolicaditer, and excretion. All of these suggest possbditional regulation of

this compound by various mechanisms.

In the present study we investigate the effect & & a possible regulatory molecule. We test tviferdint
concentrations of MF on the regulation of MF systeéoy MOsin vitro from crayfish of two different stages of ovarian

development. The data suggest one positive anshegative feedback regulation of MF synthesis by NtOsulture.

MATERIALS AND METHODS
Animals and Maintenance

Red swamp crayfisiProcambarus clarkii were obtained from Dr. Robert Romaire at the Liama State
University. Females were separated from males heg were acclimatized and maintained in recircatafreshwater at
18°C in a living stream tank equipped with a biefil and were feed with commercial shrimp pellets
( Rangen Inc., Buhl, Idaho-83316, US4 libitum.

Selection of Groups

Animals were categorize into two groups at the twhalissection on the basis of color and develogmérthe
ovary. One group was established having white-ye#ib, small previtellogenic oocytes and small ogsrand the other

group had brown larger vitellogenic oocytes, amgdaovaries.
Gonadosomatic Indices

Ovarian indices were determined to indicate theagyctive condition of the animals. The gonadosdariatiex
(GSI) was calculated by determining the goand wedgha percentage of the total live weight of thenals as was done
by others®.

Hemolymph Titers of MF

The MF concentration in the hemolymph was deterthiaecording to the method developed by Laefeal. .
Hemolymph samples (1ml) from each animal colledtedew 15ml Kimex culture tubes with Teflon linedps containing
5ml of ice cold acetonitrile and 2ml 4% NacCl. Taenaf cis-trans (non-biological) isomer of MF waslad to each tube as
an internal standard. Samples were extracted twite0.5ml hexane. Aliquots of the hexane extraetavanalyzed on a
Waters HPLC system with model 510 pumps and Mikpamodel1386 UV absorbance detector set at 215nmg @sbum
silica particle column,(20 cm length) (Rainin, Incatalog no.86-100-C5). The running solvent wasdiéthyl ether in
hexane flowing at 1.5ml/min, at a pressure of 1820fphe chromatorgrams were analyzed with maxinfwsoe.
The all-trans MF present in a sample was estimayecbmparing the peak area with the internal stahdss-trans isomer

peak.
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Mandibular Organ Culture
Controls

Paired MOs were dissected out and incubated asilbledcy Lauferet al.,*, in 400p| medium consisting of a
freshwater crustacean saffhecontaining 1mci/25ml [methyl-3H] methionine foour hours. The experiments were
conducted on 10 and 13 pairs of mandibular orgesra finimals with white and brown ovaries respedjive establish
basal synthesis rates in culture and to determimeather glands from the right and left sides ofahenals synthesized

MF symmetrically.
Exp-I (1ng/ml MF Added to the Culture Media)

Paired MOs were dissected out and incubated, aithbngMF/ml while its partner was incubated with MF in
400 pl of medium as in the untreated group desgrifigove. This experiment was conducted on 22 angalrs of

mandibular organs from animals with white and brawvaries respectively.
Exp. Il (20ng/ml MF Added to the Culture Media)

Paired MOs were dissected out and incubated eith&0ng/ml MF or the other gland with no MF in 400
medium for four hours. The experiment was conducted 8 and 14 pairs of mandibular organs from alsiméth white

and brown ovaries respectively.

Following the incubation, the cells were fixed wiethanol, homogenized and extracted with 1ml hexane
The activity in a 100 ul hexane aliquot was quatei using liquid scintillation spectrometry. Tlaer of MF synthesis
(ng/hour) was determined from DPM.

RESULTS

Nonvitellogenic animals have ovaries that appedretovhite to yellowish color and that are relatysinall, with
a GSI = 0.12. The MF concentration in the hemolyrophhe animals was low at 0. 30 ng/ml (Table liteNogenic
animals have ovaries that appear to be brown iorcahd about 10 times larger than the nonvitellagewaries with
GSI = 1.16. The MF concentration in the blood @aéNbgenic animals was about 3 time higher 0.93mgfable 1) than

in the nonvitellogenic animals.

MF synthesis by the MOs: It was determined thataatied right and left MOs from an individual orgamihave
nearly identical MF synthetic activity (Table 2).

While the rate of MF synthesis by MOs in vitellogeranimals was about 2 time higher than nonvitellag
animals (Table -2). The MF synthesis by left amghtriglands from nonvitellogenic and vitellogeniéraals was 8.64ng/hr,
8.38ng/hr and 17.14ng/hr, 16.96ng/hr respectivEable 2).

Experiment | (1 ng/ml MF Added to the Culture Media)

In MOs from nonvitellogenic animals, the MF syntisg®g/hr) by untreated left and treated (1ng/nght glands
were 12.9 and 19.8 respectively (Table 2). Thigaase of MF in the media was statistically sigaifit (p<0.05) by
Student'st-test.

In vitellogenic animals whose basal level of MF thgsis was higher than that from nonvitellogeniorats the

MF synthesis (ng/ml) by MOs were decreased (Taplt®n 1ng/ml MF was added to the culture medias Thnot a
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significant change.
Experiment Il (20ng/ml MF Added to the Culture Media)

In MOs from vitellogenic animals, the MF synthegig/ml) by untreated left and treated (20ng/mihtiglands
were 22.2 and 18.9 respectively (Table 2). Thisltegas statistically significant atp.05 level by the Studenttgest.

In MOs from nonvitellogenic animals the MF syntlseéng/hr) by glands that were treated with 20ngikhi

decreased by 1.1ng, a change which was not signtfic

In the control, the rate of MF synthesis from uategl pairs of MOs approached 100% (Table 3). Irsagbent
trials the contralateral gland was used to estaliie experimental synthetic activity between conénd experimental
glands. The low MF (1ng/ml) treatment yielded aoréase of MF synthesis which was 171% comparedo@$clof
controls (table-3) in nonvitellogenic animals, ahd higher MF content of the media which was tregielded an average
of 81.3% of MF synthesis compared to the contrdksb(e 3) in vitellogenic animals. These resulthgsstudent’s-test

were significant at the 0.05 level.
DISCUSSIONS

We have examined MOs at two stages of vitellogesnieeim Procambarus clarkii, one pre-vitellogenic and the
other early vitellogenic. The early vitellogenicpudation we examined had GSI =10x, MF concentratiothe blood
= 3x, and ovaries which were 10 times larger in parison to nonvitellogenic ones. These facts drim @greement with

the earlier findings of Laufest al.,"°, and Sagetal.,® .

It was demonstrated that several isoforms of MOsieimbers of the crustacean hyperglycemic hormoneHjCH
family inhibit MF synthesis by MO§"1? 13 141316221 famales the production of MF increases duriitgllogenesis, then
decreases to previtellogenic levels when oocytesineta MF degradation is attributable to specific MFeease(s}.
The half life of MF was estimated to be about 3@utes in the presence of hepatopancreas. Changjes aoncentration
of MF in hemolymph appears to be associated wiidlgpenesis, in addition, decreased activity of lRssociated with

seasonal changes.

Our results indicate that right and left MOs araiaqgin their MF synthesis rates in both stages wdrian

development. Tobet al.,?® found an asymmetry in MF synthesis in MOs in lsidier study.

The present results indicate that MF synthesihhbyMO can be influenced vitro by MF in the medium. This is
different in animals in different states of vitgjknesis. These results indicate that in nonvitelgy animals, with
0.3ngMF/ml in their hemolymph, MF synthesis by M@ increased by 1ngMF/ml while in vitellogenic raals, with
0.9ngMF/ml in hemolymph MF synthesis by MOs is @ased by 21% with 20ngMF/ml. The possible explanatf
these results is that the physiological role of MRegulating MF synthesis by MOs may be by fee#b@gulationin

vitro. To the best of our knowledge this is the firgtae of this kind of regulation in a crustacean.

Thein vitro results suggest that possibly, the low MF levethi@a hemolymph during nonvitellogenic conditions
trigger an increase of MF synthesis by the MOs lpositive feedback, while in animals with higher Niévels in the
hemolymph during vitellogenic stages trigger a dase of Mf synthesis by the MOs by a negative faeklbSuch

feedback mechanisms may be very important for etimg reproduction.

Impact Factor (JCC): 2.4758 Index Copernicus Value (ICV): 3.0



Feedback Regulation of Methyl Farnesoate Synthediyy Mandibular Organs of the Crayfish 21

ACKNOWLEDGEMENTS

We thank Dr. R Romaire at Louisiana State Univerfit providingP. clarkii. This work was supported partly by
the Sea Grant College Program, NOAA, USA and péanylyhe Government of India.

REFERENCES

1. Laufer, H., Brost, D.W., Baker, F.C., Carrasco, 8inkus, M., Reuter, C.C., Tsai, L.W. and SchoolByA.

Identification of a juvenile hormone-like compouinda crustacean. Science, 235(1997a) 202.

2. Downer, R.G.H and Laufer H.(eds$hvertebrate Endocrinology, Vol. 1. Endocrinology of Insects, A.R Liss, New
York. 1983.

3. Laufer, H., Takac, P., Ahl, J.S.B. and Laufer, MNRethyl farnesoate and the effect of eyestalk &mabn the
morphogenesis of the juvenile female spider ¢ridinia emarginata. Invert. Reprod. Develop., 31(1997) 63.

4. Laufer, H., Ahl, J., Rotlant, G and Baclaski, B.idance that ecdysteroids and methyl farnesoateraent
allometric growth and differentiation in a crustand nsect Biochem. Mol. Biol., 32(2002)205.

5. Laufer, H, Landau, M., Homola, E. and Borst, D.\Mgthyl farnesoate: its site of synthesis and retgataof
secretion in a juvenile crustacedmsect Biochem., 17(7)(1987b)1129.

6. Sagi, A., Ahl, J.S.B., Danaee, H. and Laufer, Hetil farnesoate level in male spider crab exhibitactive
reproductive behaviouHormones and Behaviour., 1994, 28(1994) 261.

7. Nagaraju, G.P.C., Reddy P.R., and Reddy, P.S.,itto methyl farnesoate secretion by mandibular nsga
isolated from different molt and reproductive stagef the crabOzotelphusa senex senex. Fish i,
72(2006):410.

8. Borst D. W., Laufer H., Landau M., Chang E., HeMZ.A., Baker F.C. and Schooley D.A., Methyl
farnesoate(MF) and its role in crustacean developrhasect. Biochem., 17(1987)1123.

9. Lovett, D.L., Verzi, M.P., Clifford, P.D., and BardD.W., Hemolymph levels of methyl farnesoate @age in
response to osmotic stress in the green cCabsinus maenas.Comp. Biochem. Physiol. A Mol.Integr. Physiol.,
128(2)(2001) 299.

10. Nagaraju, G.P.C., Is methyl farnesoate a crustaseenoneAquaculture, 272(2007)39.
11. Nagaraju, G.P.C. Reproductive regulators in decapostaceans: an overview,Exp. Biol., 214(2011) 3.

12. Liu, L. and Laufer, H., Isolation and characterfi@atof sinus gland neuropeptides with both mandibwlrgan
inhibiting and hyperglycemic effect from the spidanab Libinia emarginata. Archlnsect Biochem. Physiol.,
32(1996)375.

13. Borst, D.W.,0Ogan,J., Tsukimura, B.,Claerhout, Thd alolford, K., Regulation of the crustacean mantiib
organ.Am.Zool., 41(2001)430.

14. Borst, D.W., Wainwright, G., and Rees, th,vivo regulation of the mandibular organ in the editrkb¢cCancer
pagurus. Proc. R. Soc. Lond. B Biol. Sci., 269(2002)483.

www.iaset.us anti@iaset.us



22

15.

16.

17.

18.

19.

20.

21.

22.

23.

Rajesh Biswas & Hans Laufer
Nagaraju, G.P.C.n, Suraj, N and Reddy, P.S., Mdthmlesoate stimulates gonad development in Maaobiuim
malcomsonii (H. Milne Edwards) (Decapoda, Palaext@s)jCrustaceana, 76(2003)1171.

Nagaraju, G.P.C., Prasad, G.L.V. and Reddy, PsSlation and characterization of mandibular organbhiting
hormone from the eyestalks of freshwater crab, lpbusa sensex senséxt. J. appl. Sci. Eng., 3(2005) 61.

Chaves, A., Effect of sinus gland extract on mauldiborgan size and methyl farnesoate syntheglseicrayfish.
Comp. Biochem. Physiol. A. Mal. Integr. Physiol., 128(2) (2001)327.

Takac, P., Ahl, J.S.B., and Laufer, H., Seasorfémrdinces in methyl farnesoate esterase activitissue of the

spider crakLibinia emerginata. Invert. Repord. Dev., 31(1997)211.

Laufer, H. and Albrecht .K.H., Metabolism of metHfgtnesoate in vitro by peripheral tissue of thielespcrab.
Libinia emarginata (decapoda). In: Advances in Invertebrate Repradncd, M. Hoshi and O. Yamashita (ets)
Elsvier Science, Amsterdam,(1990) 217.

Giese, A.C., and Pears, T.S.(eds). Introductiome®&s Principal: In Reproduction of Marine InventatesNew
York: Academic Press., 1(1994)1.

Van Harreveld, A. A physiological solution for flegvater ctustaceanBroc. Soc. Exp. Biol. Med., 34(1936) 428.

Liu, L., Laufer, H., Wang, Y. and Hayes, T., A nedormone regulating both methyl farnesoate synshasd
glucose metabolism in crustacedimnchem and Biophysical Res. Com., 237(1997)694.

Tobe, S.S., Young, D. A., Khoo, H.W., and BakelC.FF.Farnesoic acid as a major product of releasm fr

crustacean mandibular organs in vittoExp. Biol., 249(1989)165.

APPENDICES

Table 1: Gonadosomatic Index and Mf Concentrationn the Hemolymph of Red Swamp CrayfistProcambarus

Clarkii

Ovary Color | N GSlI N | MF in Hemolymph (ng/ml)

White 0.12 0.30
stdEr) | 40| +001 | %8 +0.05

Brown 1.16* 0.93*
(Std Err) 28 +0.23 13 +0.10

* = Significant at 0.G#vel

Table 2: Mf Synthesis of MOs of Animals with Two Diferent Ovarian Stages Treated With Mf in Culture Mf

Synthesis (Ng/HTr)

MF Treated
%‘(’)‘;‘3’ UiEalR) (Ing/mi) (20ng/m))
N | r N ul tr N ul tr
White 10 8.6 8.4 22 12.9 19.8* 18 13.7 12.6
(Std Err) +4.98 +4.60 +1.99 +2.87 +1.95 +1.82
Brown 13 17.1 17.0 11 20.2 14.7 14 22.2 18.9*
(Std Err) +3.89 | +4.14 +547 | +3.19 +3.94 | +4.05

1= left gland, r=right gland, ul= untreated le¢ft treated right

*= Significant at 0.05 level
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Table 3: % Mf Synthesis and %Change of Mf Synthesiby MOs Treated With 1ng/Ml or 20ng/MI Mf in Cultur e

White

10

101.19

1715

+69.6*

94.8

-7.08

Brown

13

102.6

11

93.5

-9.1

=
I~

81.3

-21.3*

*Significant at 0.05 level
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