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CHANGES IN FREE AMINO ACIDS

DURING METAMORPHOSIS.
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NTRODUCTION

Metamorphosis includes & ssries of entasgsnetie
svents through which the insect tranaforms from the
larva te the adult. Ths tranaformatisn process
involves mainly the destruction of mest larval tissues
and organs (histelysis) and the differentiation of
imaginal struotures (histogenesis). Ths biochsmistry
of insesct a-tnnarpﬁeoln has besn the object of many
investigations and ths results slsc allow some

somparisons with strustural changes.

Considering tﬁ- profound changes which the
devalaping inssct undergoes at the time of metamorphosis,
it is psrhaps surprising that only minor changes in
the posl size of fres amino acids during this period
havs besn detsstead, As Lsvenbook has pointed out, it
must bes admitted that no direct evidence has so far
besn brought forward to show that variations in free
amino scids are really in sssociation with the procsss
of metamorphosis (Levenbook, 4962)., It is trus that
ths developing pupa repressnts a closed system and
thus its concentration levela of fres amino acids
could be sonsidered as indicating the balance bstwesn

histolysis and histegenesis, In gensral, howasvar,
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the fluotuation is too small to asseunt for such

drastic morphological changes, unless it is assumed

that ths amino acids producad by histolysis are
immadiately usad for synthetic purposs. In many

casss the variation of the amino acid csncentration

also does aot Pit the time axis of the major merphogenstic
svents. As matter of fact there is no expsrimsntal

proof that the decomposition of larval preteins actually
procssds as far as th-‘productlun of amino acids prier

te their being utilized for the formation ef adult

proteins.

Aw noted by Agrell (1952), soms tissus proteins
of the larval strustures im Calliphara may be decomposed
only to the level of peptides which ars beund with
phosphelipids and snter prebably dirsctly into cellular
components of the adult. A closs parallelism between
the pesptides fraction and ths morphelogical changes
has besn emphasized (Agrell, 1964). It is trus that
tracer studies on both Sphinx ligustri (Bricteux-
Gregoris et.al., 1957) and Nyalephors (Skinner, 1960)
indicate a high incorporation of aminc acids inte
pupal tissues. But these ressults show only the
ability of devaloping pupa to take up fres amine acids
and do not necessarily mean that it is the majer

pathway of protein synthesis during histogenesis. It
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is alse olear that besides histolysis and histogenssis
variations dus to inter-conversion and othsr metabolic
sonnsstions of amino acide cannot be neglected. Thus
 the eausal relationship betwesn changil in free amine
acids and mestamorphosis ere still spen to question,
This chapter reports ths results of the study in
which the alterations in total and individual free
amino acids in Chrysonyis pharate pupal development
and pharate adult development have besen worksd owut.

MATERIAL AND METHODS

Alterations in the fres amino acids wers wearked
out in the whole pharate pupas and pharate adult
developmental stages. The zrearing of Chxysomyis was
osrried cut as described in chapter II. The pharate
pupas and pharate adult desvelopmental stagss as well
as freshly emerged adult sslected fer study as
mentioned in the chapter en intnriax and methods.

The axtraction of frae amino aslids, chromstographisc
ssparation and quantitative sstimation of fres amino

acids ware carrisd out as described in Chapter I1I1.

OBSERVATIONS

Tha stage specific pattern aof free amino acids
is 1llustrated in plate uo.iq. Ocscurrance of varieus
free amine acids in ths pharate pupa and pharate adult

developmental stages and freshly smerged young npult
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are shown in Table No.5. Alterations occuring in

the total fres amine avid content per 100 mg of wat
weight of insect tissuse duzing pupation and of freshly
smsrged young adult are shewn in plate No.11., The
alterations ocouring in the individual free amine
acids ars shoun in ths plate number 12 and 13  The
quantitative alterations in the total and individual

free amino acids have besn shown in Table No.6.

e Jhe £ fr n
Hetamorphegis.

As shown in the plate Ne.10 pharate pups,
pharats adult developing stagss and the freshly
smerged young adult of Chrysemylia shaw ths presensge
of at least seventeen fres ninhydrin positive compounds.
These include cystine, histidine, lysins, 6 -alanins,
serine, aspartic asid, proline, valins, tyrssins,
methionine, iseoleucine, phanyle-alanines, lsucine, At
a comparative level, glutamic acid, glyecins, histidine,
lysins, proline wers in high congentrations and ferwmed
ths major compenents of ths testal free amine acids.
Phenyl alanine and lsucine joined them nsar about
a ecdysis. Beamino butyric acid could not be detected
within the amounts of material used. Cystine ococur

in very low congentration. In general excspt P-ami

butyric acid thers is no qualitative difference
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TABLE ¥eo. 5

N MO 0
SF _RLOWFLY CHRYSOMYIA RUFIFACIES.
- pr—
AMIND ACIDS |PHARATH PHARATE ADULT ADULT
PUPA DEVELGPMENT
- —
PP P1 ’2 ?’ P‘ A
1| Cystines Yragce [Trace | Yrass. | Trass.{ Teace | Trace
a i 4 ,
2] Histidine -~ * * > * ee
B| Lysine + . > * -
4 Alanins * * ¢ * * ‘e
3| Serzine * * * + * *e
-l -
6| Aspartio asid | * ¢ * * *e
7] Yhreenine * * * * * *e
- . "
8| Glutamine - + [ * * * *e
!iLGI"i”' * * » * ** e
10| Glutamie acid | + » . * * *
T
11| Proline - *e g e *+e +e
12 wfAmingele - - - - - -
butyric acid
13| VYaline . * - *”» * *e
14| Tyrosine * . - - *+ e
151 Methionine + * > ** * *e
A1 ,
18] l1solsucine * * -+ *e * e
W
17] Phenyl alanine| ¢ . * . * ++
18] Lelsucine * . e rare * +e
® Tr « Trace quantity,

* Minisun,
>4 m‘:'e‘.
++¢ Maximum,
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TABLE No. 6

RE 0 S IN METAMO oF L
SHRYSOMYJA RUFIFACIER.
AMING ACIDS | PMARATE CHARATE ADULT ADILT
PUPA DEVELOPMENY
[ PP Py Py Py (Pq A

1| Cyatine lTraun* Yragce '| Trass |(Trace [Trace '| Tracs
2| Histidine 1,5030 [0.9281| 1.0140 [1.2680(0.6583| 1.6730
3| Lystine 0.5470 [0.88%4| 0.8222 |1.4360|1.237 | 2.07
&| BeAlanins 0.8686 [0.0741] C.,1239 |0.2339/0.1183| 0.2947
5| Serina | 0.8580 (0,0746] 0.1239 [0,2334/0.1183| 0.2962
GHAA-partLe .ciijn.0¢lu 0.07% | 0.1249 [0.2315|0.1211| 0.2898
7| Thraenine 0,7410 |0,050 | 0.0948 |0.1814!0,084 | 0.1640
lh—ﬂlutqniaa 0.8%10 {0,073 | 0.1198 |0.2273/0,1241| 0.2911
9| Glyeine 0,3080 [D.0580) 0.5694 |0.4320/1.411 | 1.7170
10] Glutamic anid|0,3120 |0.057 | 0.8717 |6.4422{1.134 | 1.8110
11| Proline 0.0929 [0.1960| 0.3321 |0.3456(4.111 | 0.5284
12| B=AminosN- | - - - - -

;Asatyrlc acid
13| Valine 0.114% [0.0808| 0.2741 {0.3066|0,1646| 0.3610
14| Tyrosine 0.1142 (0,083 | 0.271% [0,3122/0.1596] 0,371
v8| Mathionine [B8.1124 |0.079 | 0.2680 (0,321 [0.148 | 0.364
16| Isoleusine |0.43500 [0.2784| 1.290 [1.659 [0.1900| 0.7927
17| Phenyl alaning0,1228 |0.86268| 0.1084 |0,2968/0,0955| 0,7927
18] Leucine 0.0800 [0.1857| 0.1898 [0,34%6 /0,071 | 0.1720

(clﬁlﬁh;ﬁﬁ“nn,) 7.9420 |3.7739| 6.2917 |8.2801|6.6465| 12.3079

® Values are sxprsassd
inseet tisaues.

as mg/100 mg of

wat welight of
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the free amino acid content of the pharats pupa
and pharate adult development stages as well as in
freshly smarged adult. The smpty puparia contained
very nsgiigible quantity of fres amine acids.

2. ntit ) n on
ffearen of ne Y
Astamozphosis.

As can be seen from the curve in plate No.1%
the total concentration of free amino acids remain
sssantially unchanged when larva transformsd inte
prépupal condition (pharate pupa). With the onset

of metamorphosis, a marksd decrsase in total

. caonssntration of free amino acid could be notioed.

This decrsase in total concentration may bhe dus ¢o
ths marked degrsass in glycins,palanins, sarins and
glutamic agid. However, befors adult emsxgencs the
levals of all thess amine acids showsd progressivs
increass and almost re-attained their initial
songsntration ef larval stage, and traced U~shaped
patterns exgept lysins andpfalanine which depicted a
slight increass over the original larval concentration,
Glyeine and serine lavels fell nearly by half and
three gquarters respectively during the fizst half

of pupal icvulop-nut. Tha amino asid found to |
change the most was glycins which degrsased to absut
thres fold during transformation of 4th day larva to
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pharate pupa and fourfold after formation of ths tensral
phass (white pupa) but with onset of mstamorphoais it
insreased sontinecusly reaching a peak value in freshly
emsrged adult. Similarly lysine and glutamie acid and
preline incresased Cnntin-céuly during metamorphesis.
Glutamic scid and glutamine underwent decrsase feollowed
by subssqusnt intraase in congentration during the

pharate adult developmeng,

DIICUISION

Considering the profesund changes which the
dcvilnpzug inseat undergoes at the time of metamorphosis,
it is perhaps surprising that snly minor changes in
the total concentration of poocl asize of free amine
agids during this period havs besn detested. A sharp
raduction in ths total conesntration of these cowpeunds
in Cheyponyis oscur at the initiation and during late
metamorphosis. The first decline may be related to
the histogenesis of the hypodermal tissus, sapsgially
the formation of imaginal bude, and that ths sscond
one coineides with the development of muscles in the
thorax. The highsat concentration is found at about
the 3rd day of pharats sdult development, at which
stage the breakdown of larval tissuss reachas a
maximume Similar rssults have been obtained fer

Calliphors (Agrell, 1949) and Ephastis (Chsn and
Kuhn, 19356) and for Cylex (Chen 1938a)s . .yoqpv

TeR
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Tha cbserved increass in lysine, phenyl alanins
and leucine titres following pupation and their dscreass
during the later stage of metamerphesis are suggestive
of their accumulation in ths first half and utilizetion
during the rest of the metamorphesis periocd. Despite
this at the time of emergencs of fly their titres
wore at a higher levsl than thoss during the larval
stage, Histidine decresasss on tha lst day of pharate
adult devslopment but gradually attains inersased
soncentration on the 2nd & 3rd day of pharate adult
davelapment., A second drop in the histidine
censenization is ohsezved on 4th day of pharate
adult devslopmant but its level shet up suddenly te
a peak congentration in the body of freshly smarged
adult, Glutamic acid exhibited unique pattern in that,
after getting utilized fnitially, it's levsl increased
showing a sudden psak during ths lats mstamorphosis.
The variation patterns usually obtained for glutamio
acid and glutamine during devalopment of insects have

besen found to be diverss for sach inssct investigated.

On transformation ef tha larva to the white
pupa the titres of lysins, phenyl alanins, increasad
and those of glycine, glutamic acid, serins methionine,
glutamine and prolins is decresased. The concentration

of B=alanins which is vary low in ths &4th day larva .
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abruptly imcreased in thes white pupa to a maximal
concentration and this could be related to the
suticular protein formation which cocurs at this

stage,

The changss in the individual fres aminc scids
distinetly indicats thsir trend tc compsnsats ons
another and this consaguantly rssults in ths maintenance
of an overall constant level in tha total free amino

agids during mstemorphosis.

Yhe changes in the sthanolamine and phosphostha~
nolamine, serine and phosphatidyl asrine may be
rslated to breakdown and biosynthessis of phasgpholipids,
Phosphatidyl esthanclamine is found to the major
phospholipid compansnt of Chrysomyis (Mankepure and
Sawant, 1980),

High level of proline has been attributsd to
its special role in flight metabolism (Bursell, 1963).
Methionins/Methionine sulphoxide hae bsen suggested
to be involvsd in ths redox pslential of bielogical
systems (Dent, 1947). Explanations forwarded by
sarlier investigatdrs for ebssrved changss and
funations of fres amino ascids ars mostly speculative
and lack sxperimental svidsnge. Rscently, Chen and
Levenbook (1964) demonstrated in Phozmig regina with



labelled compounds a very lew rate of protein
degradation in the hasmelymph sf whits pupa and
pre=pupal larva of this inssect. Morsevar, since
ths pre=pupal tissuss evidenced an insignificant
rats of free amino acid participation in adult tissus
formation in the pupa, it uwas sonsidered that
hasmolymph protsins were being usad infact after
ph:thl degradation (perhsps to paptides) by the
tissus cells for adult tissue formation. Thus, 1t
is probabls that in insects, during metamorphosis,
free amino acids are involved tnlzathuayn other

than protein synthesis. y

[ A NN X ]

6o



