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IHTftOPUCTIOH

A oritieal review of the biochemical changes 

occurring dosing insoot dsvslopiaent, growth ond 
metamorphosis, which hevo boon recently reviewed by 
Agrell and Lundquiat (1973), reveals that signifieant 
altarations taka pises in tha amounts of nueioic acids, 

proteins, oasbohydsotos, lipids and onsynaa during 
aabryogonoaia, larval growth and netanosphoais. Thoro 
is also a largo body of literature on tha frao awino 
aoida in inaacta, but noat studios ara United to 
ono or other phase of insoot development i,o. 
embryegonssis, larval growth or metamorphosis, Sooondly 
noat of the afarnantionad work has bom carried out 
with the experiments in which henogenatas ean give 
useful general inforoation concerning the eecurranea, 
quantity and intoreenvoraion of metabolites, they 
reveal very little about leeation and transfer within 
tha insect.

During resent years ineroeeing attention has 
boon paid to the possibility that insoet fat body 
may be a site of interwediary aatabolisa as distinct 
from its wear passive tola of serving as a depot for 
the storago of proteins, earbohydrataa and lipid 
reserves, A rseurront suggestion is that the fat 
body may in oeaa reepseta bo analogous to tha wanwalian 
liver.
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The haenolyaph la the only circulating fluid# 

and filla tha body cavity# ar henocoel. It ia 

aoparatod froa the cellular tiaauaa by only a thin 

poraaable connective tiaaua aeabrana# and ia aaintainod 

in circulation by a tubular# doraal heart, that ia 

aono tinaa aaaiatad by aeeaaaory pulaatile organa in 

tha linba. Haenolyaph eoopriaee about 10JC — 40j( of 

the body*a volune. It ia eellaatod by dropping froa 

a out in the out lei a# or chon the volune ia mall# 

directly into a capillary plpatte* Tha haenolyaph 

ia a bioehaaieally rich eolution, vary difforent froa 

vartabrate plaaaa# with aidaly varying proportione of 

inorganic Iona# high lavala of froa aaino aeide# 

ueually a rather high local of trahaloaa# and aoac 

tinea aubatantial asounta of other aolutoa auch aa

organic phoophetea, citrate# glycarol# and peptidea
Jetmiaux arid.

(Wyatt# 19«1;/lorkin, 1974). In intiaato aaaeeiation 

■ith tha haenolyaph la a cellular tiaaua# the fat 

body# ahich coabinea aany of tha rolaa of the livar 

and adipeeo tiaaua of vertabratoa* The ooncentretion 

of aoluble co^iononta in lnaaat haenolyaph ia 

extraordinarily variable. In aoat inaaeta a aubatantial 

fraction of tha eaaotie activity ia aade up by free 

aaino aclda* Thia chapter reporta, the roaulta of the 

atudy of altaratione in free aaino acida in thaac tac
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important organ ayatana during larval growth and 
natanorphoaia of lyajafgllf,

aMMmmmm
Changaa in tha total fraa aaino aelda and tha 

individual oowponanta wara studiad in fat body and 
haanoiynph during larval growth and natanorphoaie.
Tha iaolatien of fat body and eolloation of haawolyaph 
worn oarriad out aa doaoribod in tha ahaptor on 
notarial and nothoda (Chaptar II). Tho atagaa of 
larval growth and pharata adult davolopnont wara 
aolaetad for auah a atudy aa nontionad in tho 
ahaptor on notarial and nathada.

PB3ERVATI0MB

Tho atoga apaeifie pattarn of frao anino aelda 
of flat body ami haanalyaph during larval growth and 
natanorphoaia la illuatratad in plata No.td oeeurranco 
of fraa anino aaida in tha fat body and haonalynph 
during larval growth and natanorphoaia ara ahown in 
Tablo No.7 and 8. Alteratione oaeurring in tha total 
frao anino aoida par 100 ng of froah tiaaua weight 
in tha fat body ara ahown in tha plata No.18. Tho 
altaratlona oeeurlng In tho varioua individual fraa 
anino aaida in tha fat body aro ahown in plata No.
17 to 20 raapaativaly. Altaratlona ooourlng in tho



PLATE NO 14
L 4 PP Pt A



PLATE MO 15

L3 L4 PP Pi P2 P3 A

FIG-2
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PLATE Ho. 1i

Alteration# in total fret anino acida in 
the fat body of Chrvaoovia during larval 
growth and ootaoorphaaie. The amounta of 
frao anino aoida expreaaed in og/100 og 
froah weight of fat bodiaa. LJf L4, PP, P. 
and A rofor atagoa of larval growth and 
netanorphoaia 3rd day larva, 4** day larva, 
pharata pupa, 1#t day pupa, and Adult e 

reapectively.
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PLATE Ns. 1?

Alterations in the individual frss anins 
acids in tha Fat body Chrysoayia during 
larval growth and wstaworphosis. Ths 
asounta of all tha fraa asino aoida ars 
expressed in sg/100 eg froah weight of 
Fat bodies. Various stages of larval 
growth and sstanorphosis are as shown in 
plats No.14.

A -A • Serins 
0-0 • Glutanic sold 
o~a • Tyrosine 
o -o * Isolsucine
A—A Leucine,
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PLATE No. 18

Alterations in the individual fraa aaino 

aoida in the Fat body of Chryaoayia during 

larval growth and astaworphosia. Tha 

aaounts of all tha fraa aaino aoida are 
axprassad in ag/100 ag frsah weight of 

fat bodies. Various stagaa of Larval 

growth and aetaaorphosis ara as shown in 

plats No«14.

o o m Clutaains 
e - • » Prolins 
m.~m - Histidine 
o n m Threonine.
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PLATE No. 19

Alterations in tbs individual fraa amine 
acids in tbs fat body of Cbrysoayia during 
larval growth and metamorphosis. Tbs 
amounts of all from amino acids are expressed 
in mg/100 mg fraab weight of fat bodies 
various stages of Larval growth and 
metamorphosis ara as shown in plsffce No.14.

a c * p -Alanine
& ■ Valina
D -o m Glycine
o - o * Lysine
• - o - Phenyl alanino.
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PLATE No. 20

Alterations in the individual froa anino 
acids in the fat body of Chryaonyia during 
larval growth and nstanorphosis. Tha 
anounts of all frao anino aeids ara axprassad 
in ng/100 ng frash weight of fat bodies 
various stages of Larval growth and 
natanorphoais ara as shown in plage No.14.

□ - D • Aspartic acid 
A - /y m f> -Anino butyric acid 
o-o * Methionine.
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PLATE No. 21

Alterationa in total free aaino aeida in 
tha Haeaolyaph of Chryaoayia during larval 
growth and aetaaorphoaia. Tha aaounta of 
froo aaino aeida axpraaaad in ag/100 ag 
fraah weight of haeaolyaph Lj, L^, PP, P^, 
P2» Pj and A rafar atagaa of larval growth 
and aetaaorphoaia - 3rd day larva, 4th day 
larva, pharata pupa T** day, 2nd day, 3rd

day pharata adult dovalopaant and Adult 
raopoetivaly.





PLATE Ho. 22

Alterations in tha individual free aaino 
aeida in tha haaaolyaph of Chrvaomvia during 
larval growth and metamorphosis. Tha amounts 
of all tha fraa amino aeida ara expressed in 
ag/100 mg fraah wt of haemolymph. Various 
•tagaa of larval growth and metamorphosis 
ara as shown in plats No. 19 Fig.1.

■ - • m p «01anine 
a - O • Glycine 
A - A. m Valins 
o - o » Lysine 
• - a * Phanyl alanine.



fa
a 

m
%

Ji
oo
 m
g 

we
t 
wt

.

Pi AT* - 22

*TAmm. of x>*v«j.oi»i4*Mr



PLATE No. 23

Alterations in the Individual fras amino 
acids in the haeaolyaph of Chrvaomvia during 
larval growth and aotaaorphoaia. Tha amounts 
of all tha froa amino acids ara expressed in 
mg/100 mg frsah at of haemolymph. Various 
stagaa of larval growth and metamorphosis 
ara as shown in plats No. 15 Fig. 1.

o -o m Glutamine 
• - • • Prolino 
M~m m Histidine 
o □ - Threonine.
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PLATE Mo. 24

Alterations In ilia Individual fraa aaino 

acida in the hasaolyaph of Chrvaoavla during 

larval growth and aataaorphoala. The aaounts 

af all tho fraa aaino aeida aro expressed in 

ag/100 ag fraah at of haaaolyaph. Various 

stagos of larval growth and aataaorphoala 

sra aa shown in plats ho.15 Fig* 1.

A —A " Sarins
• — a - Slutaaio acid
D - O • Tyrosins
o — o M X aoloucina
4 - 4 ■ Laucina.
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PLATE No*25

Alterations in ttia individual froo aaino 
soldo in the haoaolyaph of Chrvaoavla during 
larval growth and nstanarphosls. Tha anounto 
of all tha froa aaino aeida are expressed in 
ag/tOO ag fresh at of haaaolyaph* Various 
stages of larval growth and aotaaorphosia 
era as shown in plats No.15 fig* 1*

□ - il - Aspartic acid 
A - A ■ £ •Aaino butyric sold
o-o ** Hothionino*
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total free aaino acids in tha haeaolyaph are ehown 

in tha plfta ho.21. Tha changes omuring in tha 

various individual fras aiaino acids ara shewn in tha 

Plata mntw 22 to 29 respectively. Tha quantitativa 

variations in tha individual and tatal frsa aaino 

adds in tha fat body and haeaolyaph ara shown in 

tabla t and 10 respeativaly.

1* IMjM&tftSft AbJtaLtakJlSta
ddt^wa larval growth and aataaorphoala*

Tha papar ohroaatographic aaparatian af tha fraa 

aaino aaida in tha fat body during larval graath and 

aataaerphoais shown in plata Ha.10 indieatse tha 

praaanaa of cystine, histidine, lysine, P-alanina, 

sarine, aspartio acid, threonine, glutaaina, glycine, 

Slutanie acid, prolina, valine, tyrosine, aathionina, 

isolaucine, phenyl alanine, lauoino. p-aalno butyric 

aeid specifically found in tha fat body ef 3rd day 

larvae only* At a cooperative level aaino aaida 

lyaina, glyeina, glutanie aaid, valine, tyraaino, 

aathionina, isolaucine and phenyl alanino ware in 

higher eeneantratione. Cyatina and hiatidina 

(except in 1at day of pharata adult dovalopaant) 

aaro present only in tram anouirta.



70

*• Smtltal&m-tfsaiiifi An titmtAmjai
Aa.Vi« jy»MP.i At.mto?. Mkto. XmMLlxk
kiiLJmtkwMWMk jalsimigaii*

As oan be seen froa tbs ohwi in plain No.16, 
the total concentration of ninbydrin-treeetiftg 

ooaponanta in tha fat boiy on too ltd day of larval 

growth la eenparatively higher* thoro ia a rapid 

inoraoao in toa frao a nine aeido in too fat body of 

4th day larva* Thin ineroaao oantinvao gradually 
in too fat body of pharato pupa* Tha froa anino 
aeid ooneantration is found to ba highest in toa 
fat body of pharato pupa* Thorn ia a alight dooroaaa 

in tha froa anino aeid ooneantration in toa fat body 

of 1st day of pharato adult davalopnont* Aa tha 
quantity of fat body woo not ouffieiont to eatinato 

tha froa anino aeido in toa further dovolopnontal 

atagaa of pharato adult* valuaa of froa anino aeido 

froa the fat body of freshly merged adult are 

eoapared with those of early aetanarphoeie atagaa*

The various individual anino aside in too fat 

hedy of Chrvoawyla during larval growth and 

eotaaarpheeis ean bo divided in to throe bread groups) 

those which increase in eoneantratien throughout 

larval growth auoh aa glycine* glutanie aeid valine
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and urlMj thosa which dacrsasa during larval growth 

upto 4th day of larval growth than inoroaoo ouoh ao
-b

lyoinoi phanyl alanlno and th^to which ohango ninlnally 

during larval period oo wall aa during aataworphooio 

ouoh ao leueihe* p -alanine* aoportio aeid. An 

unoxpeetad finding io tho absanea of p>-amino-butyric 

aeid in tho fat body of pharato pupa ao wall ao pharate 

adult davolepnont atagoa and in tho froahly onorgod 

adult* high ooneontration of hiatidina io only 

ovidonood <1^ the; during oarly wotanorphooio i*a* in 

the lot day of pharato adult dovelopuent*

limailllSig.ylra.Mtel..Aa,.VW
jfeatoi Jjqaak ixwfa. &A mlassmtetlii«

Tho paper ehronatographia toporation of tho free 

anine aeida in tho haonolynph during larval growth and 

aetanorphoeia ehown in plata No*15 lndloatoo tho 

proaonoo of eyetine* hiatidina* lyeino* ^-alanine# 

aarlne* aspartic aeid* throonino* glutanine* glyelne* 

glutaoie aeid* -amino butyric aeid* prollno* valine* 

tyroaino* wathionina* iseleueino phanyl alanino and 

lauoina* Aaino aeid p-anino-butyric aeid oeour only 

in tha haonolynph of 3rd day and 4th day old larvae 

aa wall ao In tha pharati pupaa but not in tho pharato 

adult developuantal atagoa aa woll as in tha haonolynph 

of froahly anorgad adult* At a corporative lovol
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glycine, glutanie acid, valine and tyrosine ara found 
to too present in higher eeneontrotiono in tho haanolyaph 
of larvae while haonolyoph of pharata pupae and pharata 
adult developaental atagaa Ottawa tho high concentrations 
of glutawie acid, prellna, glycina and histidine*

Mmm. An. Jteim.j

Aa.,.*?** AWmw\ imi fi.f, Amkfm. AUkte. An. ,¥n
.iT«M»u8agl

Aa ean bo aoon fron tho curve in plata No, 21 tho 
total concentration of free aaino aeida in tho haanolyaph 
of Jrd day larvaa ia highat, it drops rapidly on tho 
4th day of larval growth and thoro la only alight 
ehangs in tha eoneantratlon of total froo awins aeida 
during davalopaant of pharata pupa* Tha eoneantratlon 
of total froo awlno aeida lneroaaoa gradually during
pharata adult dovalapwont* Tha eoneantratlon of aaino

,)U
aeida suddenly lneroaaoa on tho 2nd day of pharata
adult devolepnont and it rowalna at high loval in tho

'\
further atagaa of aetaaorphosia* Thro haanolyaph of 
freshly onorgod adult shows considerable drop in tho
total eoneantratlon of free mine aaida. Individual

'4\/aaino aeida follow aero or loaa/Naaao pattern of changes 
with aeao statistical variations* Alterations in tha 
eoneantrationa of glyeino, glutaaie acid, iaolauoino 
ara aora significant aa eoaparod to tho rest of tho 
aaino aeida.
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The eignifleant fsatura a f tha btluvisur of fraa 

aaino aeida in tha fat tody and Haaaaiyaph ia tha 

iaereaae in tha total concentration during iaat phase 

of larval growth, in tha pharata pupa and in tha aarly 

aataaorphoaia in tha fornar and daaraaaa in tha 

eonaantratien in thaaa atagaa of dsvalopaant in tha 

latar tlaaua. Felhwing tha aetaaerpheeie thaaa 

eoneantratlona daaraaaa in bath thaaa tlaauaa of 

fraahly anargad adult*

Oaapita Mm axtanaiua litaratura on fraa aaino 

aeida in ineeete* reviewed by Chan (ifid) only relativaly 

fau atudlaa hava baan aade, aonaarnad aiith quantitatlva 

ohangaa in haaaaiyaph and fat bady during largal grewth 

and aataaarphaaia* tha unequal distribution af 

individual fraa aaino aeida bataaan tha haaaaiyaph 

and fat bady af Chryaoavia larva and pharata adult 

in aeeard with tha findinga for other apeeiee eueh 

aa Phorala larva (Lovanbook 19id)f tha ailkwora 

(Brietaux Gra'goire and florkln9 1959), tha aeutharn 

araywora (Lovenboak, 19i2) and aaraaohaaa ( Pant and 

lal9 T972). Too little la known about tha phyaialagleal 

aignlfieanee ar aaahaniaaa of aaino aeida eonpartaenta- 

liaatlon in inaaeta to warrant uaaful diaeuaaion9 but 

it ia worth noting that tha valuea far Chrvaoavla
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eenfirw Levenbook'e (t942» 19M) generalisation that 
glutawine la eoneontratial in insect haewolyaph* and 
glutawate in tha tissues*

In ineeete grsator structural ehangee taka piaoe 
over ahartar parioda of tlaa than are aaon in alaoat 
any ether group of anlwale and thaaa wotphologieal 
ohangao ara tha result of underlying hloohaaloal and 
eytologiaal ohangao* Tho ohango In tha eeneentration 
of frbe aalno aelda can vary well ha dorralatad aith 
Pretain eontant and their aetaholiea during growth 
and Notaaorphoaia in hlowfliao* One can gat hotter 
coordination with alteration of protein valuoa in 
individual organ cyetoaa auch ao fat body or 
haoaalyaph during larval growth and aetaaorphoaie*

It haa baan evidenced by aevaral workaro (Price, 
IffJ) that early in tha laat inatar the fat body 
aynthealree pretoina and experts thaw In to tha 
haeaolyaph while in tha later inatar protaina ara 
aaquaatarad free tha haaaelyaph in to tha fat body* 
tho rata af protein ayntheale by tha fat body la 
aloe high In tha early te aid part of tho laat inatar* 
but than falla off rapidly to a low level* at whieh 
it rawaina until tha larva pupates* in diapauaing 
pupae protein ayntheaia rawaina at thia low level*
As a wattor of foot there ia no experiwental proof
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tbit till dMMpultion of larval proteins actually 
proceeds aa far aa the production of aaina adds prior 
ta their doing utilised far the fa mat ion af adult 
pratalna*

Tba traaar taehniqua atudiaa an leiOaa USM&k 
(Briateux, Braoalra at. al.* 191?) and Hvalaahara 
(Skinner, 19ii) have indicated "digit incorporation 
of aaina aalda in to pupal tlaauaa* But these raaulta 
odea only tda ability af davoloping pdarata adult to 
taka up frao aaino aaida do net naeoaaarily aaan tdat 
it is tda aajar pathway of protoln synthesis during 
histogenesis* Besides histolysis and dlstegenatio 
variations* due ta interaonveralen and etdor aatadolie 
aanvatsions of aaina adds Ban net da naglotad*


