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ÍEE ISEISITFICÄTION OA DIGEÉrrrS 3¡TãüES ]1T ffiV-ERAI, SPfflrS
Or ÐESIRSCTISE GRå,SSH0PHERS! Â QÛ¿¿ITA.TICE ¿r{rtLys$ 0F

tItEERSI{r ãNzndEs PR0Ðü6AD IN viñ,IOIF Sf¿GES Or ÐÅ.¡X,Op!rE!{.Ï

II{TRODÛorio$

?he 6Ëualy of, th€ feedr?tg of lnsecùe is of iün@se praeÈiea]. ie-
portarlco. Ðamage resuJ.tiag fron tåe f,êeèr¡g actfyitiôs of phytophagous

l¡xseoüs tlir eeËry aff,oetE agrlourtur,ê, oü! basi6 laclustryo The eeononle.

s€curlËy of, prairie ¡egi oBs aèaptsa to ühe gro{t¡g of cerceJ.s iB tJrus

partly d epentl€nt uloa tàe ba'tqnee between lrÊ€ct populatü.one anit aclequate

eo!.Èro1 laothoals .

exasshotrlp or. potru1atlons ofb6n haye r oecheai co nceutratlo!.s

suffiolè¡t to eause x¡tulesÌ)xead ec6!'onlc losses. prs6eut control mêthoè€

f¡rerude euLÈural praotices, the growtb of ¡eslstaat verietles, ancl tho

applicatlon of laseatieldee, but aLl methoils ha?e bo€¡t applleri wfthout

thoroueþ knoûled.ge of the physiologleal præesses isrolvêal.

It i6 recoentsett that cultural eoEtrol nethods roqulro a

horleilge of the Iif,e hietory of th€ grasshoppê!. Th€ alevêLoB[erlt of re-
sista¡Ib varleùies of gÌaln ls atelenalerÊ upon the xihyÊiology of üxs pra¡t

1n relatl on to tåe physiol'og¡r of th€ grasshop¡rer. $here a.! e iÀallcat loa8

tbat t'h e toxleity of ln6ooticliles alõo 1lvolyes phyõlologl. cal proeessesr

one of, the nain physioLogicel processeE is the utiftzat ion of

fooai. Nutrients mrst be uadle arÎeilebL€ to ths greBsbopper tisÊue for äe
naintaiaencê of growth, reproductio!, a¡d etrexgy. f,be abillty to nåk e

nr¡trloBts availah:l e l-iee lJl the rilgesüive systsû. I,iutritlvo o¡gårlie
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naterlåls êre hydxolyzeil rith th6 aial of aeÈlve agê¡ú s ir¡ the alilqertary

eaaaL. fh€se byðrolytic eubstanoeB eakê up tba enzyra.e coepl"e&ent upoll

ffhich aligestlon depeacl,s .

3s ea outgrowtJr of a nuÈr itl onal- lEvestlgatioE the study of

digestlve enz¡rlres in S4algp¡Så no¡rlca.lus &exLea!.us (Sauss. ) , ¡Ëe1a¡ollus

blvittatus (Say), an¿ Gannula pellucida Scudd- sas uidertaken.

LIT.ERAJTURE REVTSW

ãazjmes a¡e orgal1ic eataLystÊ prorlueed as a result of c oILuIer

actirlty bnt ûhlch funotion iod.epend.ent ly of t hês€ cells (Ea¡row f9l*61l).

there ar€ trp ü.afn class6s:

(f) E¡¡drsìases rhtoh b¡eakdonÂ or bulld up protopl-esm through the

aildition o¡ r€royal of nater, ard

(2', Desnolases rÌhich bleak the C-C bonds atld proalue e energyr

Th6 hyèrolases are proteia ln ¡atur6 ad. show the propertles cf

colloidal Êystús (Harror L94ó1"I). Íhe ttlgostive cazynes of aa æ lmaL €¡e

h¡¡dloraÉes ûhleh cataryze t'he b¡eakdov¡u of fooit so that it ea¡ be assLn-

ilaÈed by the tlasE€s.

ïa üe uaJority of iEsects so far ftrvestlgated, th€ iligestlve

erzJmes a¡e EtÍongLy sleiLar to, 1f aoÈ lðe!Èlcal slËh, t b cor¡espondiBg

ores of vextebråtâs (Eoskias 19401ó). gèrtaia nlEor dtff,ereao èB in pE

optlma havo been Dot6¿ es Fith protoinasea of, fleshfly larvae (Hobson 193114¡

a¡ð of tse-tso fli€s (wiggt6ssolth Lgzgß,t. Iuseot eaz¡¡nes EaBablÊ of
digÊstlag the ssn6 substratoE aa vertêbrate enzJares, båve thus bee' Ê lTeD

the sane narneÉ .
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Álthough s lel.Lar ln lroperties ard reaeËlons to yextebrate

activating aêeBü Ê, inseet etxzlmês har€ !'oË yet beea isolated.

¿¡Ì exhaustive suBuÊry of tõo Literåtu¡o deal iúg sith the oecuÌ-

reBce of hydrolytic enz¡dtes ln insects 1È gfven by Uvarov (lgZgú). tt
inalieates that Lnsects as a claEs possesE alt eEtrenely r icle xange of

alieestlve enzy&es .

onnivo¡ous iaseets (Bla¡ttf1:tae, G¡yllldae) ha.\/6 a yartoal eltzyme

coürpL@ørt (¡,aton r95r1?) . , scutottte QgZfS b) sboüeö that i! BlattldaÊ

therê fs a l)oworful am¡rlase produceê by tho lablal glantls, a ÍûaLtase, a

proteinase actlve ln æ a].kaline ned lura, a dlpeptldase ad a lipaso.

P¡edaoeous laseets prodr* e a ãtro¡€ proùeiuase as 1ü ù]Þ tse-

tse f1y (ffiggLeslrorth t92gæ ). ln Ðyüiscus nargtna]-ts, trtætaee ts

abu¡ita¡È (Duspiva Lg3g]-?)v. In c od¡ast to thei¡ widesp r ead ocourren.co

in vertèb¡ateF, ptot€oLytlc sûzy¡rþ s Ía ea aclè mediun havo not bsel d€-

tecËed L! insects ( lliggJ, esworth fg479 ).

Ptytophagous lnsects BhorF a te¡d.3ncy to¡ards aore fxequ€nÈ

spociaLlzaüion of food habits. Striot monol)bagy is Doü rare, especially

among catêrpil].èrs, bì¡t the digestlve abÍlitleg vary J.lttle frm one

specles to å¡3oth.er ln 6plte of the ttlversity of food. fhe potato beetle,

r{hl ch feeds oa Solanaceous pla!.ts, p¡oduces a nÊltase, saecharasê,

esterase aad. a protelnåse (&rsneJ. Lg39L7')t. fte ssxce enz¡nloa are f,ouad

Yl"afonr&ï., Q¡relque ¿ocreeats Éurltap!êtit et 1a consoüøþati on a].imentaiÍe

chsz 1es insectes. ånnaLes de la aut r1t1o¡:. et ds lraLimentatloa. Ír tgz-
t+g5, tg5t.
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pfr¡s an anylase in Èhe Bilkworn 'rvhi eh feeds exelusj.vely on r¡ulberry 1o aves

,)0
(s¡ino¿a rgjtzv I, ( Yana fugi rg3trl? )n .

. PhyÈophagous irls€ctð d.o lrot tlsually posseas a cellulase. The

cellulose of leaves is exereted as such, the nouri.shnent bei.ng alral,,¡n frþ¡1

the cêIlular conte¡tg of üe parenchyna (Lafon l95ll?).

Cellulosa is digested by certain highly spe ci.al izeat , wood.-eatri ng
l1

insects (Yonge ].plf+). Iarvae of Cerambyeldae and AnobÍidae bav€ a

seuulase capable of hydrolyzlng filter-papff in vltro (l{ansour aud
ts

¡Áaas oì¡f-Bek L931, ').

Othex xyllÕpbagous insects harbor nicro-organi sìrs rrhfch enabl e

ühem to utllize cellulose. The aL imentaty can¿l of ühe tomlte cos!åins

a cillato, Txlchomonas tsrûopsis, flhich secretes a cellulase c apabLe of

hydrolyzing ceIlulose to gLucose. A temperaturo ot 36oC kiLls thÍÊ ruiero-

organlsm wiùhout af,fecting the insect,. the te1nit,e is then incapable of

utltizitrg lts habitual food (Trager L93ZI7 ¡v "

othor so-calfed wood-€ati¡g insects live only on the aapwood ad
ta

feed on Èhe sinpler carþohyd.rates i¡ thls region (Parkln f936-'). Sone

live o¡ tbe impurittes present in tbe uood. (mfon f95tt7).

Insects that, live on nectar ( so¡¡e aeult Lepidoptera) prod.u.ce
11 0

invertase in abund.ance (Lafou 1951-'). ¡baenkel (19/-0)' found ùhe larvae

of Lucilia sexicata ($ele.) to be especialLy adapted to the ðigestion of

sugals. fhey possessed an alpha glucosid.ase ad aJ1 alpha galactosidase.

Lipase appears to be nidely d j.süributed in j.nsects ¡rithout any

appar eat regard to the feed.ing hablts. IIvar ov (192838) ruul" thât so¡ne

vf,afon, 
M.,

alimentaire chez les

vt t+92-L95, I95L.

queLque d ocumenüs sur

lBsectes. Aanales de

Itappetit et La consorunation

Ia nEtritlon et de l" rÀl-i.¡nentat i-on.
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of the Íecords probabry ¡eferred. to lllase chergeal wlth a metabolic xather

tha¡ a digestj.vê functioD. eusaef (f93939)w cl-ai¡os thaü Lipase is speciflc

to i¡s€etÊ of a carllivorouB tiiet a¡d that one neeð not incorporate fat iato
a sl¡¡t¡,etie notl fu¡¡r offe¡ eil to phyüophagoug i¡Ê ectg.

other etrzytnes reported in Uva¡ovr s sumery fgzê# ) a!ê3 wax-

iligestir:g enzl¡!Þ, ehloxophyllase, xyllanas e, lþu].ase, glycoge¡ase, alex-

triaase, ratf ll¡ase, ¡¡el€zltasê, trehalase, glueosiaiaÊe, fomiz¡rne, an

erzyme actleg ulro¿ ehitl,n, coagulatfng @zyn€s, haenol_ysi¡6, rennet¡ ffb-
rolE protease, asparagl¡.ase and an enzyu.e actt¡g or1 keratin.

It is soê¡. that l¡seGts hav¡ag uÀusuaL dfets uËually posEe6s

special eozyneô aðapted to tJce deeompositlor¡ of, these foallstuffs (Eoskins

19¿016). ïflggleswort h L9L7} ) Etat6s: trInaêcts rrblcb live oa a food

rieh 1a scne particular substalc e generally prod.u.ce the approprf.ate e!.zyt!6

ln great€r abu!.aisÞee j fhe enzyu.es are , eorr€apondingly 1ie1t 6d, i! iaseetE

whtch llve oD e hiebly restllcteal ¿liet.n

Q;rantj.tative ðif,fèrenceg 1Ë en4i¡¡o actiTlty are somêtiæ s very

evialent 1¡ the devel opnent aL Etages of a¡ insect (Wlgglessorth J;gnn),

Qualiûat1"e aiiff,erences êrê aLso fou¡d. f¡ vaxfous stages, e.g. inuLase

prêsâDt ia lepidopterâ larrae is sbseut ftcn tho pupae but appears in

th€ aalults ( Straue K9og36)a.

wìTlg6lesworth, V.8., fhe priaciples of lÊaeot pbysiotogy.

Mêtbuen & Go., Ltd., lo¡do[, 27tê?16, Lgl+1.

rüvarov, 8.P., fBs€ct lutritloa a¡d metabollsm Traas. Eat. Soe.

l,ondonr If, 1928.
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Harked diffe¡enees betæeen sl)ecies in th€1r abûitles to pro-

aluce certai! ênzJz&ea nas obaerved by scbÌottke ( r,gllze ü. Ðiffe¡enc os

$ere appaÌeût bê tnêen eertai:t ÉIrec ies of Blattotle å¡ct peæinla¡eta

in thelÌ abillties to produce anJ¡Iase. Thesè observatlo¡s we!6 eo¡fi¡ned.

by Ðay ad Ponning (19Sü5 . Invertase ûas fou¡a! ia tho ÊaLlvary gle¡ds

of B1at-telLa geana!.lca (1.) ¡ut ¡ot 1r¡ ?qriBlaneta enertcana (L.)
or Pe¡tpleneta orleataliE (fi.uon-David fgL;-35't,

¡ûost of the actfve enuJ¡rtres ap¡roar to ba secteted by the nldgut
a&ê ltõ caeca (l'ink l9j2?, si-Enon s L%g9 ) sltho,,gh amylese aod fnvertase
a¡e of,tên secreteat by tbe Ìablal glaad.s ( îIiggJ.esworth Lglr?n I. Ilnk (L9æ?)

fouail ârylase, L&cta6o, fnvortase, Lipase and proteolytle eûzJmes to þe

Becreteê oDjly 1D the n1¿eut ad regurgltat€d ltqt¡id. Thêeo observet ions

ffoÌ6 naale on. no¡maL Leotinoüa¡sa decæ.lÍneata (Say).

.Sb¡oút ß92,61) estatUshed that in periplsneta austr€Lasiae
(rau.) ttpase aecretÍon t€k es prace olly ln theûÈidgut aDat tåat the pre-

sênce of li.pase 1¡ làe erop 1s due to rcgurgltation.

Becauge enz¡m€ aeÈivLty ts Llnltod to a (ieflnite ¡orge of E-io¡
eoneeût¡atdo¿, lù ls helpfr:l. te kao¡¡ the rangê Òf pE in the gut cÈût€ntg

tluri¡g th6 lroc€õs of èigêstion. . sk' jabio"(rg3ó3I r)treporúeal a cyerleal
variatlo¡ 1a pE wtthin tbe aldgut of E\¡¡oa segetuør leryae, ?ieris brassicae

larrae anô the nynphs of, l,ocusta nigratoria. Ite åeiëity of the nidgut

eoutents llcreasês as s@tr as ac id. food xeaches tbÊ n'idgutir, but latêr

Tüvarov, B.P.

Soc., Io¡aiotr 99. 1:

Rece[t atlvaro 6s ln Aer¿dology. lba¡s. Roy. Ssto

I2-L4, Lgl+7"
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the alkallnity incxeases, p¡obably owlng to the secrêtion of the digêetive

Julce ( Uva¡ov ].928''" \ .

Easti¡gs and Pepper (lglr3P ) fourd the pH of r'eguxgttated

alige6t i?e juice6 of 6ix species of grasshoppers to ratg e flon 5.2 to 5.8.

ffelanopLus blvtttatus (Say) r¡as reported to exhlbit the follo{i¡g raage

of pE irx tbe gut! 8ro9 J.60; caocun 5.96;, uièeut 6./+0; hfndgut ó.jB
t2¡

(Suingle l93ft*1. fhe ¡H of the gut of ¡deLatroplus specieE l¡ generaL wa6

sunmarfzeal ! Çrop J.J-Jg; caecum 6.0; nidgut ó"5; and reguxgitated

liquiat 5.2-5.8 (Prosser et af f9¿*025 )

Tbe ¡iE of the d lgestlve fl-uiô of the laxvae of LeBtinota¡sa

decenitlneata (s.y) *"s conpar eil irit h thet of tho atiuLts (Busnel Lg!¡g37 1".

fhe oaly variat io¡ appeareal i¡. tås posterio¡ intesËlne wblch was sl igbtly

Bore acid.lo ia the aduLt the! la the la.rì¡ao

. ¿. satisfactory corrslatloû waõ not establisheô between the

acidlty of the g¡¡t a¡d the typo of fooð ingested by the ir¡s êc.t { Êrtug1e
3L.fgp' ). the nfxture wlthin thê dig,estiîe tract of Popillia japonica

Nerin. hati a fairly constaE! IiH regardl-e8s of the pfi of th6 soil la ùi ch

the la¡vae wet e feedlng o

A hrowleðge of dlgestiÎ'ê processes is nececsatT for the intel_Ii-

gert fornulat ioa ôf eettaiû types of coûttoL ¡nêasures. Iù was thoueht tbat

the toxiciiy of some inõectlcidês iþîoLved the actloû of digestive juices

on tho poieons taken 1!to the aligêEtive tract. fiþk (1932?) attempted to

xelate th6 toxie effect of arsenic.to its actfoã on ðigestive processes,

tü"a"oo, 8.P., ReoênÈ eilvanees in Ac¡idoLogy. f¡ans. Roy.3nt.

soc . , Lo¡dol¡ gg . I, ]:2-]Jt, 7gt+7 .
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egI}eclaLi-y e¡zynê eompLexes. Ee fou¡td that polsoùled follage eatetl by the

potato beetle oausoal llttle retar(latio! of the acti.ytty of anÂylolyllc and

tryptlc eEz¡æ.es a!d. noEe at al.l of eszyt¡Þ s act lve l! the (tieestio! of d{-

Saceharfêes ad fets. Eoweyel, thê injection of arsenieaL susponslone atfrectly

1¡¡to the irxcêct no¡¡th result€d in c@plete l!àlbitlor¡ of the aetlyity of

protêoLyblc e¡¡zYnes.

Iu¡ther rork o! tbe êff€cû of ])olsonÊ o¡r aligeetlvê lrooossea ras

dlone by Day alil Powûiag (fg¡05). Changeo proaluced 1û th€ triat€ut by sub-

staneês other tbåIx araenieals a¡e ¡ot suf,ftete[t to aecou!ù for &e ateath

of the 1a6eet. . ltere was evldlenc e of c eL[ bleakalõnr 1È thê tiðgut flhen

sod.lun argeDite 1raÊ uaeai.

In a stucly of the esz¡nnes oscurr ing in the crop of tbe grasshopper

Stenobothrus S.. and îettigonla ca¡tans. Schlottke (19317 a) for¡¡a the

actio[ of, proteinase to be cor0Btetely inhlbltoä by byôrogea cyânlde a.Ed to

þe sÈrorgly d e¡llessed by bydrogen sulfldo (Eoskins L94016). Lipase frole

t¡e niatgr¡t sas aLso ¡educed i¿ activity.

T1fo tÞchnlques f,cE stualyl¡rg allgèsËlye enzymes are quoteä by
:,uvarov1f9zå3ó). 

I:¡ one ¡nethott, ths eazynÞs are stracteð fron the tlssues,

tbêf! acttvlty belag !¡easeret! on vs¡lous substratos.

A more exaet nethoat irxvolves the fedi.Eg of ch€@1eally lurc

substs!.ees. tho length of Llfe 1s eompared betwee¡. llsects feil oo a lure

dlot aad those feal lrater oDIy. lhis Eethod canEoü xêadÍIy b6 ertended

to all fnsêcÈs.

.!!ânklln aad Quastel (19;.910 ) report prelinlnary reÊu1ts of an

inyoÊtlgation of tbe paper ebroüaùogralhy of protoins ad €ürzyees. By thls

nethoat it is possibJ.e to bring abor¡t the separatio[ of tbe con?ollentg of

enzlm.e ml:rtuÍeÉ.



-72-
The detectiÕlt of etrz¡rnos by the ohrmatogralhic brush lqethotl is

tt
deserlbetl by . Zechreeister and Rohd.ewald (1950*) . fhe lnvlsibl_e zones of

s c&e enzy¡les ab60rbeal on a].ünlrla csr be locatêal by brushlng the chronafo-

graphfc coluun along f.ts nala a:çia, flrst sith a suiúable subsÈrate, atrC.

leter after a brlef l4cubatfon Ber ioal slth â col"or rêagolt. 3he eoLor of

thê streak nrhêr6 1t crossea the enz5rme zone rs"lrl then b€ dlffere¡t f¡o¡¡

that obsorved in thê erzjlme frèe Êectlon of tùo cotunn.
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MgT¡tr,IATS Á}TÐ }{HHODS

Lrvnqc M4rERI4t

Nynphs anð aduLts of Can¡¡uLa peiluclda Scuäd.r t¿eta¡loplus

rytlt¡nr'il 
me¡cieanus ( sauss . ) e::d ¡ûeLanoBl-us t,lvittatus (Say) r¡ere usetl

for lcte¡tlffcatlo¡ tests of ttlgestive et¡z¡mes. A].l Ëhe gresshoppers sÊre

hateh€d tn a ree.ring ¡oorn u¡de¡ conùro1led conilltLonso A eoastant temcp-

exêture of 30o0tå anô en !E ot 4A-5Øc ffreintafne.ð.
l{¡mphs rere placed slthra a few hours after hatching 1s l-quart

glags Jars frith screên tops. Tbey remalneð ln tbe rðaï i[g xocü0 uxder these

cout¡oLled eondltloDs thr ougbôut th ê1r d evelopn€nt.

îhe fooil cons fsted. e¡cLl¡Êiv€Iy of Reaown nheat seedllags sr¡pplled

fresh every day. Íhe nh6at wÊrg grcÐ¡n 1a the grqethouse by sublrrl€aülon

nethodE on a oooplste llutrieü.t ôo1utl on. lndiviatrrs'l r froB each. fus tar of

each specles werè a1l owed to fêed soveral dql¡E after noulting befocê dls-

seet ioE'¡.

Tbo entixe (l lgestive. tracts of nprphs of the f i¡st tr¡o instars

wBre us6ü, fb.ê eontents were ¡emovod f¡om eacb inrliviituaL by shaxp forcepÊ.

lbe aL in€ùtarïr ea¡alÊ of third, fola"th aaô ftfth instar llmllhs and aàuLts

wêr e alirid eai into fore, ml¿ anö hfnttgut regions aüil eaeca. A flrstr)o[sloa

ües üâd.e oú the regurgitateal flutil.

fhe eEtire alinertary eanals of freshly hâtched first instar

g¡asshopp€Is ühi eh haô uof been a1lsweú to feed, ffe¡o sljüilarly preparotl

for a¡aLysis .

lbe labial glancls were dlss6ctðd f¡o¡r aèult I{. neaicaîus,

U. bivittat-rrs, anè C. BelLucåða for enul¡¡.e d eterÌú-aat 1ons.
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- 
-

fre digestive trâets of freshly kl1led grasshoppers irere freeil
froe adheúing tissues ¡rri se¡aped cl_ear of food partlcl_es. fhese ti.esues

re!ê aeeumulatear ln sÌrâr r vlals r¿ a few diops of 0.2ø Natr_. Toluene uas

ad'¿etl as a prêeervati'e. rbr6 eaterlar îrâs Eto¡ed at -2.'oc urtt! neodeaio

The frozæ tissue üaa alr.ored ùo tbaìf, at roon tenpæature and tåetr

was homogenizeti slth a glase roat. Earf th€ nateri€:L Ta6'arL@.eal to erbract
at roon tenperature in ittetrtlêal Fater for eaxbohydrase ÈestE. rhe other
half x¡as extrectetr ín' |,ol| éryceror. fcr proter.nase ad ]1pase teste. Íhfe
divlsion Ls uecossary beeause gJ,yo æor in cêrtai-a concent¡atrons ì" koo*
to inhiblt tbe êetlvlty of certaln ca?bohydrate sazt¡ees (81øan L%3Ú ) .
foluene !¡aÊ uÊed throughout to Þ¡€vent bacÈe¡ial aetloû.

The tÍssues re¡e allowedl to erÈ¡act for €.n hour, the! half of
€aeb erEract ï[as bo ear a6 a co'trol. subst¡ates were praeed ia searl

test tubês (Lor ?5!e), a few drops of extraeÈ added, ad a Lay€f of
toluêne. fbe test tubes sere 100ee1y corked *'rrr suspond.ed ln a rate¡ batb

at 37ot for the incubat io¡r pertod.

PreLiniDary Ëests w€re ruo before the addltioa of substraùe.

xbe stoeach ccûtentÊ of sonþ i¡¡sect. &ay grve a posrtiîe reaction prror

to the aaldltio! of an¡r subatrate.

Proteol-vti. c Inzvmes

fhe dete¡ninatiorx of proteotybic activity includ.€(t tests for
pepsln, trypsi[ aud èipeptiriase.

PeBsin

. filakos of carnine-stained. fl.brin, vel1 üash.ed ia df' tflled water,

rere placed i! 0.01 $. Hcl üith seve¡eL drops of trsaue susBe¡€ ion. rhe
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ßixture nas aôJusteal to a ¡Ë of 2"2 ap!¡or1ætoLy Írith eltber alilute

I{9C03 or dllute EtI. Release of t he stai.! upon l¡3cubat ion lndicated

peptic activlty (OoLe Lg26l+) .

Trypsi¡

Flakee of flÞrin etai¡eal ûitb coBgo real ¡¡ere placed ia a few

drops of 0.516 ña}coj ütth the t1Êsue susp ensio!.. flle mfucture ras lncubaÈedl

for about aa hor¡r. ReLease of Ëhe staia indicatett trlptlc d j€est loD.

lhe fibriE shoos slgng cf atisÊoLutlo!¡ ùen the eollcêntratlo¡l of t¡nls in

is str ong (oole I!264).

tbê clottlng of caLcifld mllk sas useal as fi.lrt¡ er proof of

t'ryptl.c åctlvlty. A fer thops ot 5.r% CaCl2 were attdetl to fresh r¡ilk whlch

ras i!.eu.bated rltå the tÍssìte suspensio!.. The niLk had been prerlousLy

boiled ¡rd coolerl. CLottilg oceurs usually withl! a fen hours to lnôicato

tryptic activity (CoIe ];9261l .

DipeBtldase

A õolutioa of {l peptone was tbe substrate fcr dipeptiäase testsn

A fer ahops of brom-tbl¡eol blue fuldieator û6ro aal¿ott rlth the t lssuo sus-

pensiono Dilute $ar0og was aalalêô urtlL the soluti o! ù¡reed b1ue. Incubation

of Èhi s nlxùu¡€ ¡eguiretl aË least j days ad it ls .j¡portad to add suf-

ftele¡t prese¡vative, fhe preeence of dlpeptidase, releasÍag a&ino acids

from the peptotre is i¡dic atea! Þy a colol chÊù1ge fxom bLue to green or
J.

yell on (tote J926*) .

9e49þldæ!9-tusvnes

The earbohydrages tested for i¡eLudeal sn¡¡Iase, nal.tase, lactêse,

iãvertase, and cellulase.
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4eytase

A soluttor of 2Ø soluble starch foxmed tb.e substrate for amJrLase

tests' A drop of 5ø Nacl was adaled with the tis6¡¡e s,,Êpens ion to õeveral
ccrs of stareh soLutl.ù. Íhls nlrture ras lnoubate.. for at least 24 hours.

lhe iodlne test for bydrolysis of staroh rvas us ed. prfeårily but
the osazone tê6t ms J-ater apprled whe¡ ft reas fou¡1d üo be allff,icul_t to
detect Bartlal hytlrorvsls i{ith 1.drne. &quar. guântltfes of fresh phenyr.-
hydrazine so,*rtf oE aad the i'eubated üixt.o o were preced in test tubes
al1d heated ln boili.ug lrat er for 30 niEr¡tes. Glucogazone precipitates
whlLe the solutfuD is sti1l å.ot; aaltosêzo¡e preeipltêtes oaty aftel
coor'og. The crystals foxnrr.ed. were indentifleè u¡il e¡ a nicroscops by thelr
charecterlstlc sh.apes ( lfo¡ro¡r anal Sandstrom 193j18)

!¡ial tas o

å. solutiotr of Zø mltose ln the prebeneê of phosphate þuffe¡
pE 6.8 wae the êubÉtrate for eâItaõe tosts. ghe tissue suspensl on ras
aôateal ad thls nirture iacúþ ated fot 2¿ hours. Íhe osazoae test ras ap-
plied, glucosauone erystars being presênt wrren hyatrolysla has oc eulrêd..

I€.ctase

.A solut ior¡ ot 2S ].:as¡is6 buffe¡ett flith phosphate buffer ¡rñ ó.6
ïras the Éubstxate for laetåse tssts. TiÉsu€ suap6nsl0n ûas addeal to tbo
¡nlrtu¡e whlch was lncubateai for 2l¡ hour6. Ehe osazor.e teat Ðas appì_ied to
dêtect hytror-ysis. LactSso hyaholyzes to galactoso e.d €r.ucose a¡d the
chåracte¡lstio osazones f,or¡aed, a¡e easily identified u¡der tåe nicroscop6.

f¡ve¡ùase

Th€ Eubstrate for llyertass tests was a 2$ soluti on of suc¡.osê
$ith Bhos¡hate buffe¡ FH 6.S. The tisËue suspæsio¡ $as addeai and the
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rd.xture Í¿cubated for 12 hol¡rs. Barfoedr s test for the presenee of

manosaeeha"lðes was then applled. Equâ-L qìrantitl€s of tåe lncubateð

mi.:rtute ad. Ba¡foetlt s reagent rcere hoateal Ítr bofliag rater for rct,more

than half a ufnute. Sucrose is easiLy bydrolyzed þy heat á1d. the boiline,

t ine was rateheå v6ry carefully. A reô proelpltate of cìrptous oxlds

appsar6 âl?rost innediate.Iy $he¡1 1nygÌtase 1s pxesent.

0el-lulase

3iLter papor iragnento s€re shreê(l €d an<i adôeit to ûhe tiEsu€

suspension. Thls was lncubgteai fcE abo ut tb.Iee days. Ba¡foetlrs ¡educti æ
,j,teet for the pleÊenc€ Õf monosaccharläes sas thên used. gei.lulðse byûrolyzes

to glucoae 1n the presence of cellrr:laso üh leh gir¡es a real precipltate witb

Barfoetlt s soLutlo¡t when heated..

tiÐeolvbic fuzvmes#

fho tfesue suspension plus two drops of bro¡t-thyuoL blue inÊleator

were aàileil to frsEh nilk rihic h had beerl boll-eal "n(l cooled. Â s lrxtion of

Lø KOE was add.e¿l uutil the ei3ËEe tr¡¡¡Þai llghü btae. If lipeolyblc

acÈlTity is pr€Est¡t, tbÊ productiou of fatüy aelds wiIL turn the bLue nilk
yelLore ( tuine Ie Lg25æ | .

fo ascertain $hother the enzynes ould be obtalned fron the footl

ltself, cutü,lngs fr@ Renoûa ?¡heat seedlings were ground anil subjeeterl to

the ssns testô useè fcÉ eùlzjræ s 1¡ laseet tissue ertxacts. lblg naterial

ras adjusted to tho pE at whfeh thê g¡assho?per enz¡¡¡r¡Ê s appear e(l ùo b€

a.etiTe by tbo ad.il iti otr of dilute SaZCo3 or HCl.
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DH DITffi.MINATIONS ON TIü RþEIONS O¡' A}ULT DTE;E.5TT\TE TR¿STS

lhe oÐ.e-èrþ! electxode attaehed to the BeckI¡lan lfl ¡rete¡ was

erryJ.oyed to tieta¡minE tbo H-ion concentratioD of the ôlfferenü le€ions of

the gìÉ. fhe õeeti.oE of the eut to be teeteal was diBsecteð fro& the fleshÌy

kl.lled hopper, freôal of footl dãÈerial anð placed quíek]y ln the electroale

eup i{he¡s ft wss g€ntl y måoerateai. fbo reaðings sere taken atireetly on

the $oÍst tlssue. fbe pË of the regu¡gitatoai flutat was ne asü¡ eal by forclüg

ths l1viæ noÞperã to r6gr¡rgitate over the eleetrode cup.
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Ery{q

ÏJherever tesùÊ on tå e edi¡ o alime¡ta¡ y eanaL nå.d e after tbê

insects bad. fed fsiL€it to shoF the p¡Êsenee of da enzyu.o, mbsequeDt

tests ræe not made o¿ the yarlouõ regious oú the gut.

f6sts rith tho eDt 116 e-lluæùary catra1s of adult ¡d. uexic a¡rus

ålal M. blvlttatus dltl tlot eBteblfsh thê presencè of dlpeptidase, pepsi¡.,

LacÈase or cêL1uLås6. Xhe e[tire aligeÊtiv6 trêcts of fourth lnstar

&1-. mexlc a¡us and flrst insta! ¡[. mexlcaaus, M. bivittatus ald o. Berlucitta

gave sl niLar re$llts. tshe otb€ü lrßùars werð ¡ot teBteal for those ênzy¡ûes

because.of shortage of lÍvi.ug üaüerial..

BES]qLTF OF güALI[ATryE IflZTME SESIS 01{.ADIjLt DrGEsfï}T TISSUE

fhe extract p¡epareat fron c cûtrplete allgestj.ve traets of

M. me¡cieafila, IÀ. qtvlttâtr¡s aDtt C. pe1luc tda gave ?ositly6 resulüs

for trylsia, Iipaee, a¡n]rlase, maltasg €Dil lryeatase. Stgalfica¡rt

vartatior¡s aro¡¡gst speeles wero rot detectsd. ia the aôu]ü stage.

Te6ts or tbe tlifferent atiTisions of th€ guù failed to sho$ siguifi-
cant variations e ithe¡.
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TÄE{IE ]

ÐÏSB,]BT]ÍIOT{ OF DIGESTrIE EVZTMES IN RMIO}IS OF Mí3
quq 0q éul¡if en:T.ÄN0ttlûs 1,{ExrcÁlifits ¡{EXICAïUS ( SAijSS. }=

Re6lou
ôf ÍbYp- Lip- -Aúy- Må1- leve¡t-gl¡t ,,_j!n{l. sle ase l_ase leqe ase

Regurg-
itateè
11qulat

Caeca

Mlctgut

Foregut

Eldgut

No.
of

l+

9

9

l.

L

a

+

a

sligbt + e

slight ¡ +

slight ðoubtful-

sltgbt sllght

sLlebt

TAAT.E TT

DTSI'RIBTTTON O¡' ÐIGÉTTUN ENäJÃES ]I\T ASGIONS OF
nry clr oF aDuf,Í MEranopffrg BwrT!¿s1¡s_lËay)

-

Regloa
of

$¡t

Ito.
of Try¡-
lnd. si!

tip- Â¡qy-
ase lasê

l¡"¡1-
tsse

lnve¡t-
â €tê

Begurg-
itat€al
11quLt

Casea

lÁtdgut

Foregut

EiBdgut

4

It

l+

l+

lr

t

+

+

+

+

+

+

+

+

+

.¡

+

s1fght

sLight
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TIIBIñ ÏTI

DISMISUTTO}T OF ÐTGËTIVB E{ZNÂES IN FEGIOÀTS
0F lEE HIf 0F !åDttLT CA¡dNIILA PEIJUC IDÀ SCüA).

Rêglotr llo .
of of f¡yp- Lip- 4eV1- l{å}- Iuvert-gì¡t i¡d, 6i¡ ase ase tasê ase

Regurg-
itatsd
Liqutd33.-i¡+
gêeea5++:¡É¡

Mideut5+stight++

ForegutJ+sL1€þÈ+++
EtutigutJ+-+-+

In Tåble III, the aegatlve test for anylase 1n the reguÍgltatoè

Liquld fron ealult C. pellucida iE atttj.buted to a yery 1ow coneentr€itiorl

of rüaterlal r -A@y1ase ras aletêcteal in Èhe other reglor¡s d the gut.

R3SüLf$ OF EffiTS ON

I¿Ist-!!E!Er

leste üade o¡r freÊhLy haÈchod hoIÞels of ido nexlc anus,

lå. bivlttatus a¡il 0. petLucida 1nôlcate that e¡zyme actlvity is ee¡y

1¡6ak before fooè 1e üaken i¡Èo tbe glú.



TÁBLE rv

DTGASTTTE ENZ)STdS I¡I TTIE ffiT 03 I'REff,Y
EÁfì]æD GR.A,SffiOSPBA BEEþAE AND .åfrIIR TEÐING.

Irïo. n¡ypsln LlÞase Ányl_ase ¡taltaõe Invo¡taso
of ur¡.- ua- un- un- u¿-gÞecies lBd. fed fed fed fetl fed fêû feô fêal fed feô

&I" aerigau¡s 20 - .¡ - + + +

tr4. bivlttatus 20 - ,r doubt- - + + +
ful

t. pellucida 20 - + + s1lgþÈ + +

I]! tåe newly batched lyrBphs only lnve¡tase was presoat in

appreciable guartltios. -åfter feedlng, tr¡ætic and lipeoJ-ybi.c activity
ûas deteeteð. The iest for raalÈase ras poÊitire in fla6t fnstac

tr{. bivittatue but a.rlylass activity $as not indicåÈeô in the flrst

Ltrsts¡ of these f,,br ee speeies.

Seco Dd. instar

Trypstn, invsrtaÊe atrè lLpasê were fqrEai lE both flrst æd

second. Lastar of &:. nericanus uo¿ ¡¡. bioiÈtut*. Tests for anyl-ase anû

¡laltase üere nêgetive i¡ boËh qrecieso

COTûPARISON OT'D]GESTIVS ENZB{¡S IIq TWO

ËPrcIÍS 0r' ffiË01{D MÍÁR GAASSH0RPm,S

No. of
Species indiv. îhypsin ti1lase Ânylêse Maltase Inve¡tase
M. nerica:rw 20 + + +

¡Ã. bivittetus 20 + sligþt - - +

Secoad j.nstår C. peLl-uclda rùerê not araifable for æmparisot!.
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Tttrl!-_ilds, tat-

lfore vari at io¡r itr etrzù¡!}e activity betneen species was ¡rr esent

1n thirtl irstar nJ¡ephs tha! 1! the lrevlous iasters. prypsin, lipeso qEd

itrvertase Fe!ê deùêeted ft¡ all" reglonE of tàe gut of M. nerlcæ.u6. å¡try_

laBe was not ôêtected t¡r th€ hlBdgut ãn(i only ãLleht hydrolysis of starch

oecu¡¡od with the ertraet fron the ot¡.e! aegion6. fhe resul-ts of the

ealtase tests rexe weak, flrst tesÈs beiug negative. Tlhen the iücubati on

period was alor¡bled, eeveraL positlve tests fiere obtatle aI sith ertraatÊ of,

nidguü, ca€ca ard. regu¡g1Èated flutd" üa].tase Ì,&Ë aot ôetected ln the

bindgut .

TÀBLE VT

DTSJTR,IBUTIOAT O¡'ÐIGïSTTTå TNZTM1Ë TS RESTO¡IS OT'TEE GUT-
OT THIRÐ Ti\tsTÀR MET,ANOPLUS IUíF:jrTC.IUWS N4ÐCTCANI'S (S¡rrSS^ IA

Region
of gr¡t

?¡yp:
sln Ï,itaee SevLase i{altaso Inve¡tase

Regurg-
itaÈed
llquid

oaeea

trfictgut

Soregr:t

Hinttgr¡b

ü, Baeed or1 10 inôividu¿ls dissected.

The te6ts on l[. blvtttatuE $etre posl-tfve fcE bth trylsi¡ ætt

iny€ctase as on ¡¿. nealcaüus in all rogiclrs of, the gtû ereept tb hirldgRt

whe¡e trypsiu sas not detected. l,ipeoLyÈic actiyity appeared &ueh usakor

t

++
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tbaa i! M. &.esica¡us, onl_y ole positive tost beitrg obùain6d f rom th.e

e]rblaet of eae@a. A pogitlye test for eartase rùas obtained with th ê

regurgitated fluid only.

TABIð VII

ÐTSTR,IBUrIOS 03. DIæSTIVE ENZWES TN REGION'S O3 TF'iT
GUT' OF EIRÐ IÀBTJB, ¡GLAÀ]OPIUS BTVITTATTJS (S4Y) f,

Reglon
of gut lkypsin Ltpase .Aqylas e ¡da]-tase Invertase

Êegur g-
lÈated
llqutð

taeca

!Ã:idgut

For egut

$ip.rlgut

+

slfght

+

- Based. o! 5 1¡:dividuaLs åis6ecteê

Sourth lÉtar

fhe enzyæ activi ty ln fourth i¡sta! nynphs showed little
variati oo alrongst species. Sryps in a!.d lnverta6e $erê fourdl ln alL

regions of the gut d tbo three slree les. Llpeolyöic activity appeared

sùtonger 1n [, peIluc lôa thab ln Èho other two apeeLe6.
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TABT,E TIIT

DI'STR,IBI'fTON OF DÎGESTITS EI{UTIfES IN EæfOÎË Or $iE frIT
03 FOuRlT{ I$Sï3R qry-ANomlts ¡FSrO¡¡¡US_ir¡ø4rC¡¡irS (sAuss. )r

Bogion
of

Regerg-
itated
ltquftl

Caeca

llldgut

Soregr¿t

Elnd.gut

'¡

slleht

+

.t

sLieht

sl i gbt

&faLtase Invertase

û Bus"d on 5 ld ir¡ldual-s alisseeted.

TAB[,8 IJC

ÐISÍRTBUTTOIü OÏ ÐÏGESTTTE E¡øT3ffi TIü RgGIONS 03 TFE
GI'T û¡'sOrrRTË T.rfST¿R @)Ê%

Region
of sut lbypsin Lipase ie'ylaee ¡üaltase Invertase
Rogur g-
l tateal
liquiat

Caeca

Mld.gut

For6gut
Elndgut

+

+

++

sJ.Íeht +

-+

+

+

* Sased oB 5 indlvld.uals dissecteô.
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T¡BLS X ,

DTSTRTHITICN OT Ð]GESTTVE ENã¡IES IN REG]OT{S OF íTHE
GUE 0F ¡þrraTr{ INgréR ta¡dNULA FEä;üC IDa ËcÏlpÐ. *

Eegl on
of Aut tbypÊfa l,lpase .åüûylãse Maltase
Regurg-
Ltated
liqutô
taeoa
gidgrìt
lor eguÈ
Hinðgut

Invertase

ç+
++
+r-
+¡
+-

+

+

+

+

.l

doubtful

+

+

+

+
û Based on 6 i¡dlvi<iuals d iesecteai.

Il$Ll¡s3st
Tests for fialtase re¡e partieularl y $esk in fifth 1B tar nyjûph€

of M. btvittat*. A positrve tost qras obtaineat ritJr a susponsion of the
regufgltateè liquid. rests on the othev ¡egfons of the gr.rb ûere r¡egati'e.

Ehere was no significa't variatlon r¡r tåe occ urr elce of the other enzJ,'es

ln thê th¡ee Ép6cles.

TJSTð XI

ÐISIRIBUTTO}T 03 ÐTEærrrE ENZW6 I}I RTGIONS OE' fltrE
GIJT OI' rI!:rE lNgI'¿R MEtA$Oprts ÌíFxrcaltuÊ &E;irIc4¡Ius_lsÆrs3!.)*

Reglon
of aut TryÞÊin Liþase .åB¡rlase &-altas6 ftxvertase
Regu.g-
ltateil
11qìrid
Çaeea

Midgut
Foregut
Ef¡deut

+

+

+

+

+

++
++
++
++
l.-

Based on 9 indiviÈual-s dissecte(i.

S,C

LI#tÞ!Á\É}f
4st -* þ:
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- T¿BIE rlT

Ð]SÍ€TBTITION T¡' D]GESSITTE Î¡WMES N.T REGIONS OF TTff
Grr! 0¡' rTmE ITËTÄR Mer.q¡rclrus pry¡rgÄTgs (s¿y lå

ã6gi o¡
of eut ErypBiE tripqEe "âüyLaso
Regurg-
ltateÈ
lfquiil +

Caeca +

ÌÃidgut +

Soragut j

Etndgut +

l[€ltasa Inve¡taee

+

+

+

+

sl-lght ¡

sliêht +

sl-lght

t Baseé on 10 1¡d.lvidua1s ðtssest€d.

TAST,E ]gIT

ÐISRTT}IÏIO]ü OI' ÐfGEgTIfiE ENZN¿ES :I¡r REGIOI\S OF
ïtrE GIIT OI' rErH TNS!¡R gAimlura prÍJtlcrÐÂ s8sÞD -*

negio¡1
'of eut - frypqig tipase 4aylase tÁâr tasè Iavêrtas 6

Regurg-
itatoð
Ilqultl

0aeca

Idiileut

foreguü *

Eia¿eut +

+

+

i+

sl¿gb.t

* Bu"ed o¡1.6 f!a11yldua16 atisseetêd.
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leÞ¡slês¿gå

tlBeolybÍe aetivtty ¡¡as lot detect€Õ in t¡e 1ab ial glands of

the three spoeles of adults tèstoð. Invertase alal tllÞsln tosts irere

pogitivo but an¡rlase qna maltase tests ind i.catect slfubt actlyity oaly

afÈei jr¿crlbati-or time6 had beeB ineÍeased fxo¡û 24 to 36 bours.

TÁEILE ]CTT

ÐÏGI,STIV'A ,ENTTMES IIü IIIBTAÍ. GI.åÑ$s OT
ÍÏ¡RgE SPIETES OT' .AÐULT &ASSHOIPìAS

ño. of
SpecieE Itrdfv. f¡yosln llnase .Artrvlase lfâlt5sê Tnve¡f.nee

1{" mexlcerus ^à doubtful - + - *

![. bfr¡lttatus 2 + s]"iebt +

C. pellucièa 5 + - sljrht

Råsttfs qF $fzrlm ffisrs 0N RE¡{of¡¡[ l{m'ffi ffirÐr.Iscs

thesê tests $e¡e maale itr c¿se a posltirê test for elz¡me

actlTlty nlght be obtaired f,roß food naüer1êl adheri¡g to the gut l
sfieþt li?ase aotiyity lras tbe o!1y evldence of probablp

enz¡nnê activlty rehieh co{1d be åttributeil to the sêêdlingÉ. Tbe

optinun pH for enzy&es iE growlng grai! is less al_kaline tban tå at mla-

talaeä fr the gxasshoppæ Elt.

RSsUr,rs 0r !Ë DETIEMINAfI0}TS ON ¡DtlT CRÅËffiOpPffiS

Ehe ranges of E-ion c onc ê!.trati @. r'ere vely simi.Iale in

the th¡ eê speciss.
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ru3r,9 xv

RANGE rlND ATmÆiE 0¡' Ë-I0II 0 ONCEIffRÁm 0¡T IIT
THE DISAEREIq¡ Ræ]O$S OF .{ÐiE,T GzuSffOgPE#

Regurgitated

ld. me¡tcanue 5.t - 5.6 5.1+ 5,9 - 6.t+ 6.0 6.0 - 6.2 6.I ír.tr - 6.7 6.5

t{. blvitrarus ,"t¡ - 5.6 5.5 ó"0 - ó./+ 6.2 . 6.t+ - 6.6 6.E 6.t, - 6.5 6"3

C. pellucida 5.2 - 5,5 5.3 6.I - 6.t+ 6.2 5,g - ¿r,tr 6.2 6.L - 6.tr 6.3

Ê Based o¡1 5 lndlTiörql"s i! 6aeh qpecies.
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DItrUSSIoN

fbe E=ion cÕ oe ent¡åt tonÊ ln regio[s of the dlgestivÊ tracts agr€e

closely Bith publ, ishetl d.ata. Íhe pH range 1¡t regions of the gut of

tr{. bivlttatus obserl¡ed here shoû6 LlttLÐ yarlat ioû frÕn that rE)orÈ6al
2J 12

by Swingte (I93Ih). Eastlügs and Pepper (1913* ) founô the pE of

lEsurgltateal digestf"o Juices of sir specieÉ of g¡assholpets:to raüge

from 5.2.to 5o8. IE thls stüaly of lÂ. me¡lcanue, M. bivittatus anÂ

C. pelluef¿a the range of 5.3 to 5.5 was obùal$al f,or t&e rogurgitated

iiquid.

the eLaboratlon of e¡zyses L! ia6ect6 ls atù¡lbut eat to the

nldgut tlsã¡e with 1t6 ûaeca and. to the la'þiaL g ]anðE ( SìflÍngl e l93O%,

Fír:t Lg327, a¡d. Slnno¡s L93gn, Day and Powning 19505). fhe presenc e

of activlty is othe¡ ¡eglo!É of the gut, accorðiag to tr'fnk (f93e7) fu

probably a result of r ego¡gi.tatiort of dlgostive juices o! of ths passage

of the eÃz¡me-fooai nlxture aLolrg the dlgestire tract. obse¡vaticErs nade

duting thls 1ãvostigatloD lndic ate the stxorgest aetlyi ty 1b töe caecsl

erBra€t a¡d i! the eu6pen6lon of xegurgitatecl ltquitl¡ ãozJse aetlvtty

ls pereq)tlble ln ofbe¡ reglous but is defiuite\r weakër. f!.ts suggeËtÉ

that the nidgut wlth its caeoal diTerÈicula ls lesponslble for the pro-

dEetion of th6 uajority cf eazynes io the thre€ specie s cf grasshoBBers

studled. the labial g3.ands eontribut e soúe trylr6 fn aaè inverbase, br*

Èbê glêatest conoentcation Elpeare to þe ln the nlùguta

Tests f.:r tryptic activity r¡er.e maile plljðårlly ütitlx co¡go-

red fibrln. Iihen tbe staineð fj.þrla üas au-oüeai to ôj.g3st for perlods

longe¡ than atl hou}, th€le lras a eoLor reLease in the contloLa in sëqeraL
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cases. If tþe cæcentratio! of the eDzyng llas nob 6tloag elough b

releaEe tbe alye nithin th€ ff¡st hout' an adðftl onal tost nas ¡aad e

flith caLcift€d n1Ik.

?eptlc actÍYity ls pr6sslt or:-ly la an acid mediüm of a

pE of apprGfnat øLV 2.2. Deto¡rlnatlons of, pE of the gut showeal the

rarge to be fro¡!- 5.L to 6.'1 . I{ogât ive reÊults nreæ obtalaed f¡øÐ

prelfultinaty tria18 on the eüti¡e alfu €ßtary canals r hence pepsin tosts

were tliscontlaueal.

tifficultles in thê technique of al eteot tDg llpase aoölTlty
a 't2

$€re reporteal by other ûorkers (åVonlus 192?o, llin¡m¿¡ 1913"1.

tests nadê rc'ith regurgitaùed llqui<i o¡ ultb caecê usually Ehon eô lipas6

actirity witb 1D a f,3w houxs. i{hen fte coDcêntxatlon was less as in

t¡e êatract of reglons of tbe gut, Yery slight co 10! ehages in botb

erbract antt cont¡ols Ðere difficult to int€rpret,. glfeht llpeoltrbio

activity was noted wlùh aÃ erùraet of wheat êeedlirgs @al ther e is tàð

posslbftity that soûe of t'he food måts iaL mqy have aalhered to t¡e gut

tluring t¡ø proceðs of ði8sectloo. fllls may have coEtrlbufed to the

dlffieulty experloäe eal ïith llpase test.

Iodlne testE fo¡ tbe detectioE of l¡nhydxolyzed sta¡ch

falteat to show s1i8þt anyl-olyg lc activity. os¿zoêê tests Fore

fould to be morê ¡eliable a¡d the il egr6o of hydrolysis wÉìs nore

easfLy al eterr¡Lneð by the iêentlf,icatfo¡ of fl¡. e ogezonos forneè. I¡3

sou.e of the tosts for anylasef tho hydrotys ls had beon carrleÔ to tbs

g]-ucose stage lndic atiag that es.ltaÉe sas also actlve' I}1 oth6r tests

rghele the enzytneg måy ôo! haTe bêet¡ as ooncentratsd a¡ osazo¡e apI)6aredt
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together $ith gl-ucosaEons e-Ed. ma].tosazoûe, which ìas not 1å e¿t lfieal.

Ifhe¿ it alxleared. aLo¡ê! tbe tosts û€16 considsred posÍt,iye because

s@Ie acÈiyity üas obÎiously p¡6sento
t/

Uvarov (]9?8æ) states that inyestase 1s eo$noû in phyto-

phagous lnsects ls, g€¿eral" lnvertase tests on regi o.!s of the adutt

gut suô o¡ ths tilgestir¡e traets of â1f, 1¡@aturs stages gave posltivo

results fo! th6 three speeies ¡rEdeæ iryesttgation here.

ab lty to illgest pxot êiß fE sLgo eoÍmro¡. The only

nogatiy€ iesults of trypsl! te€ts w€re obtaineat f¡or¿ täe extracts of,

bln(lgut tissue.

lipa6e aetivity is wel]. atlstrlbut ôe, althougþ ïreaker itl the

imaùuxo stages of M. bivittatus tÀar ln correspotlding stages of the othor

üvo speeies. Thie wlite öietributior¡ of Ltpåse l!}espsctl.ve of feeding

habitõ ls FlFo nenù'loned by tvarov lL92S*').

&eopt for one posltiyo tôÊt for uåItase, thÊ rêsults of

tests for anylase ett seLtase øere uegatlve 1¡ the il¡st üro ilstars

of each sBecles tosüoal her€. Beeauso oue loEitlve tost was obtaineè,

there is ûi:e Bossibillty ùbat th6 u,6ê of, a greater number of inellvl(iuals

and.an fEerease ln incuþatlon tlræ aighü i.ndÍc atê the preseæe of these

enz¡ßes. Ilowever, i.f prese¡t, the conc€*xatioo of tbse enzlmgs 18

eaeb ird lvlduaL must be rerY snallo

' B¡o¡:r (]i937 at seon i¡r ûva¡ov t94?37) invest tgateal tbê

utLÍzation of èifforent footls by M. bivittetus. ne reporteÃ thaÈ this

sp€eies is unable to utllize starch gxains (potato ancl arrorroot ) e¿d

that the 6tarch grains aBBeareô unehflged 1û the exc¡êta. fests for
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aÍ{¡lase iB ¡f. bivittatus e¡e coÐducteal iE tbls investigatlon ad results

wêre oegative ust D€ a starch subatrate. llhsn eolubl€ staleh ¡fas used.,

anylase actlvlty Has d etect6a!.

fhs lesll]-ts ôbtai¡eð 1n thls lovðstigatloD usillg ]vt. upãioanus,

tr. blvlttatus anê t. Lel-lue lda lEdleate the pleseÊcö of tryp6ia, llpase,

a.Eylase, râ.1ta6e a¡td lnvê¡taeo. llbese obsoBvations agreewith the

literatur€ coBe€r¡llng the oocu¡¡ence.of dlgestiye êñ?Jmes iû grasÊ-

hoppe¡s. No co¡¡elatioa beùwee¿ the.typÊ of, food coù¡su:ßêd and the enz¡me

conpleeèot sas establlshed o

With the possiblâ exeeptlon of tho absence of arJ¡lase a t¡d.

¡caltase fn thê flr6t tlco l¡staxs, ¡o stdkllg cloa€es in er1zymo activj.üy

in ti if,le¡ent ins tars is edttbitecl.
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Sl]}fi],iAåY:

TestË oe thê digêstj.re tracts of a(tult tr. mexieenys,

Xô. btrrlttatus, and t. þeLluelda ¡evealed tbe p!:ês6r1ee of

i¡veltasê, alt¡rl-ase, ¡¡åltase, tryps fa and llpaee. Ihère flaa

no ereniflcant rlation a]ûotÌgÐt species.

Tbe preseoce of ceJ.lulase, lactase, pepsin or di.Bepùid.a6e

fras not €stablfehe(l.

The naJorlty of teÉt8 for ønylase and naltase nerê negatlve

iÀ sêêord instar M. nexicanus and M. bivittaÈus

ïnvertase and tr]æsin app eared ln aII regions of each lnster

in the three speciesr Invertase aetivlty $as noteè in the gut

of freshly hatehed nJ¡nphs ev€n before feeiling. ?rypsia was not

alet€cted unt 11 there had been fooa in the gut r

Indicatious of lipeolytic actiTlty nere plesent befor e feettilg

1n X4. bivittetuÊ atrd 0. pelluclda but ¡ot 1t¡ M. ¡nexie anus.

Lipeolyùic actlvlty sas Ìleak in third lnstar M. blvittatus as

conpar ed to that ln thÍrè i¡gtar M. mexicanus; tts activlty
1¡t fou¡th lnstar C. ÞèLluclda was stræ.g as compared to the

other two species.

fhirô, fourth eô fifth frster nfmpbs showed litÈLe varlati on

elllongst specles in th6l¡ enz¡m.e c e8q)I@.qtt other than in lipase

actlvity.

Inyertase was fouEd. 1n the 1ab1al gla¡d8 of tÀe tbree Ðeoies

tested. l,lpase was lot aletected ard arqyLaee ad maltase re-

suLts sere d oubtfuL.

(2,

(3)

(1)

(5)

(6)

l7)

(6)



(e) fb.e suepensiotr of regurgltaÈed liquld a!ð extract of gaÉtriê

saeea sho$ed, the Etroûgest eDzyûìe aetÍ,Ìlty. Th ls suggeats

that üost of the æzym6 are pr odr! e<i by the nldgrÈ ad itg .

eaecal divertloula.
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