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CHANGES IN FREE AMINOG ACIDS
IN FAT BODY AND HAEMOLYMPH
DURING LARVAL GROWTH AND
METAMORPHOSIS.
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INTRODUCTION

A eritical review of the bhiochemical changes
gosurring during inssat development, growth and
metamorphosis, which have besn recently reviewed by
Agrell and Lundquist (1973), revesals that significant
altesrations taks placs in the amounts of nucleic acids,
proteins, carbohydretes, lipida and enzymes during
smbrysgenesis, larval growth and metamorphosis. Thers
is also a large body of litsrature on ths frse amine
acids in insacts, but most studies are limited to
ans or other phase of insect development i.s.
snbryogenssis, larval growth or metamorphesis. Sssendly
most of the afaormentioned work has heen carried sut
with the sxperimsnts in which hemogsnates can give
ussful gensral inforsation concerning the ogcurranss,
quantity and interconversion of -otabdlltll. they
revsal very little absut loeation nad'kruaaflt within
the insect. :

During rescent years ingreasing sttention has
been paid to the possibility that insect fat body
may be a sits of intermediary metabolism as distinet
from its mear passive role of serving as a depot for
the storage of proteins, carbohydrates and lipid
reserves. A recurrent suggestion is that the fat
body may in soms raspescts be analegous to ths mammalian

liver.
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The hassmolymph is ths eonly eirculating fluid,
and fills the bedy cavity, or hemecsel. It is
ssparated from the gellular tissuss by only a thin
permeable connsotive tissus membrane, and is maintained
in circulation by a tubular, dorsal heart, that ias
soms times assisted by accessory pulsatils ergane in
the limbs. HNssmolymph comprises sbout 10X «- 40X of
the buedy's volume. It is collessted by dropping frem
a cut in the suticles, or whan the volums is amall,
directly into a capillary pipstts. The hasmelywph
is a bjochemically righ solution, very different from
vertebrates plasma, with widely varying proportions sf
inorganic ions, high lavels of frss amino acids,
usually a rather high levsel éf trahalose, and some
times substantial amounts of othar solutss such as
organic phesphatess, citrate, glycersl, and psptides
(wWyatt, 1’6%32§?2¥§2ﬁfw%914). In intimate association
with the hssmolymph is a csllular tiesus, the fat
body, whioh sombines many of ths rolss of the liver
and adiposs tissue of vertsbratss. The concantration
of soluble componsnts in insset hasmolymph is
extraordinarily variable. In mest insscte a substantial
frastion of the cemotic activity is made up by fres
amino acida. This shapter reports, the results of the

study of altsrations in fres amino acids in thess two
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important organ systsms during larval grewth and
metamorphosis of Chrygemyis.

BATERIAL_AND METHODS

Changee in the total fres amine ucidc and the
individual components were studied in fat body and
haemolymph during larval growth and metamerphosis.

The isolation of fat body and collestion af hasmelymph
were carried out as dsscribed in the chapter on
material and methods (Chapter I1). The stages eof
larval growth and pharats adult develepment were
selected for auch a study as mentionsd in the

chaptsr on material and methede.

GB3ERVATIONS

The stage specifie pattern ef frae anine acids
of fat body and hasmolymph during larval growth and
metamorphosis is illustrated in plate No.t# sccurrance
of free amino acids in ths fat bhody and hasmelymph
during larval growth and mstamorphosis are shown in
Table No,7 and 8, Altsrations occurring in the total
fres aminoe scids per 100 mg of fresh tissus weight
in the fat body are shown in the plate No.16. The
alterations occuring in the various individual frees
amino agids in the fat body ars shown in plats No.

17 to 20 zespectively. Alterations sasuring in ths
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PLATE Ne. 16

Altsrations in total free amino acide in
the fat body of Chrygomyia during larval

growth and metamorphoeis. The amounts of
Free amino acids expressed in mg/100 mg

fresh weight of fat bodies. L,. L‘. PP, P1

and A refer stages of larval growth and
metamorphosis 3rd dth

day larva, day larva,

pharate pups, ‘l't day pupa, and Adult »
respectively,
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PLATE Ne. 17

Alterations in ths individual fres amine
acids in the Fat body Chrysomyia during
larval growth and meatamorphosis. The
amounts of all ths fres amino scids are
sxpressed in mg/100 mg fresh weight of
Fat bodies. Varicus astages of larval
growth and mstamorphosis are as shown in

plltl No.14.

A - = Sarine

© - » (lutamic acid
-] = Tyrosine
0-0 = Isolsucins

b—2 = Laucine,
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PLATE No. 18 -

Rlterations in the individual free amino
acids in the Fat body of Chrysomyia during
larval growth and metamorphosis. The
amounts of all the fres amino acids are
axpresssd in mg/100 mg Presh weight of

fat bodies. Various stages of Larval
growth and metamorphosis are as shouwn in

plats No.14,

Glutamine
Prolins
Histidine
Threonine.
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PLATE No. 19

Alterations in ths individual free amino
atids in the fat body of Chrysomyia during
larval growth and mstamorphosis. The

amounts of all fres amino acids are sxpressed
in mg/100 mg Presh weight of fat bodles
various stages of Larval growth and

metamorphosis ars as shown in plajs No.14.

2 8 = [ -Alanine
A--pn  wm Valine

-] = Glyecins

o--0 = Lysins

e -9 = Phenyl alanins,
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PLATE No. 20

Altsrations in the individual fres amine
acids in thes fat body of Chrysomyia during
larval growth and metamorphosis. The

amoynts of all fraee amino acids are sxprsssed
in mg/100 mg Presh weight of fat bodies
variocus stages of Larval growth and

metamorphosis ars as shown in plade No.14.

-0 = Aspartic acid
A-N = £ -Amino butyric acid
O ~-Q W Msthionine.
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PLATE No. 21

Alterations in total free amino acids in
the Hasmolymph of Chrysomyia during larval
gtouth’and metamorphosis. Thes amounts of
Fres amine acids expressed in mg/100 mg
fresh weight of hasmolymph L,. L., PP, P1.
Pa, P3 and A refer stages of larval growth
and metamorphosis - 3" day lazva, 4‘“ day

larva, pharats pupa 1°% day, 2" yrd

day,
day pharate adult development and Adult

respectivealy.
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PLATE No. 22

Alterations in the individual fres amino
aplds in the hasmolymph of Chrysomyia during
larval growth and metamorphosis. The amounts
of all the free amino acids are expressed in
ng/100 mg freah wt of hasmolymph. Various
stages of larval growth and metamorphosis

ats as shown in plate No. 15 Fig.1.

B «8lanine
Glycine

Valéne

Lysine

Phenyl alanins.
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PLATE No. 23

Alterations in the individual fres amino
acids in the hasmolymph of Chrysomyia duginu
larval growth and metamorphosis. The amounts
of all ths free amino acids ars sxpressed in
mg/100 mg fresh wt of hasmolymph. Various
stages of larval growth and metamorphosis

ars as shown in plate No. 15 Fig. 1.

C -0 = Glutamine
e —e = Prolins
m-m = Histidine
O-0 = Threonine.
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PLATE No. 24

Altscations in the individual free amino
acids in ths hasmolymph of Chrysowyis during
larval growth and metamorphosis. The amounts
of all the fres amino acids ars expressed in
®g/100 mg fresh wt of hasmolymph. Various
stages of larval growth and metamorphosis

are as shown in plate No.19 Fig. 1.

A —-A = Serine
® - ¢ = Glutamic aeid
D-0 = Tyrosine
o-oc w Isoleucins
A- 2 = |Laucine.
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PLATE Ne.25

Alterations in the individual fres amino
acids in ths hasmolymph of Chrysomyia during
larval growth and metamorphosis. Ths amounts
of all the frees amino acids are expressed in
mg/100 mg fresh wt of hasmolymph. Various
stages of larval grewth and mstamorphosis

ara as shown in plate No.13 Fig. ¥,

D-7 = Aspartic acid
A-A = R -Amino butyric acid

O-0 =m Methionines.
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tetal free amino acids in tha hasmolymph ars shown

in the plate No.21. Tha changes osguring in the
varisus individual free amino acids ars shown in the
plats number 22 to 25 respectively. The quantitative
variations in the individual and tatal frese amine
agida in the fat body and hai-alynph ara shown in
tabls 9 and 10 respsestively.

1.

Tha paper chromatographic ssparation of the free
amino agids in the fat hody during larval growth and
natanorphoais shown in plate No.18 indicatss the
presences of oystine, histidine, Iyatnn.' é=alanins,
nniin-. aspartic acid, threonine, glutamins, glycine,
Glutamic aclid, proline, valine, tyrosine, methionins,
fsoleucine, phenyl alanins, leucine. g-amino butyric
acid specifically found in tha fat body of 3Ird day
larvas only. At a somparative lsvel amino asids
lysine, glycine, glutamic asid, wvaline, tyrosine,
mathionine, iscleucine and phenyl alanine wers in
higher concsntrations. Cystine and histidine
(except in 18t day of pharate adult development)

were present snly in tracs amounta.
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As can bs sesn from ths curzve in plats Ne.16,
the tetal ssnoentration of ninhydrin-resacting
sompensnts in the fat body on the 3pd day ef larval

growth is somparatively highar, there is a rapid
incrense in the free amino acids in the fat body of
4th day larva, This increase sentimues gradually
in the fat body of pharate pupa. Tha free amino
acid soncantration is found ta be highest in the

fat body of pharate pupa. There is a slight decresass
in the frea amino acid concsntration in tha fat body
of 1st day of pharate adult desvelopment. As ths
quantity of fat body was not suffigient to estimate
ths fres amino acids in the furthsr devslopmental
stages of pharate adult, values of fres amine acids
from ths fat body of frashly smerged adult are
compared with those of sarly mastamerphosis stages.

The variesus individual amine soids in the fat
body of Chrygemyis during larval grewth and
metamorphosis can be divided in te thres bread groupsg
thoss whisgh iaornnia in cencantration thronihnut
larval growth such as glycine, glutamic acid valime
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and serine] thess which decrease during larval grewth
upto 4th day of larval growth then inersass such as
lysine, phanyl alanine and th;;; whish shange minimally
during larval period as -.ll‘a: during metamerphesis
such as leucine, p =alanine, aspartis asid. An
unexpecsted finding is the abssnces of P ~amins=butyric
agid in the fat bady of pharats pupa as well as pharats
adult development stages and in the freshly smerged
adult. MNigh songentration of histidine 1&i§h1y
-vidoaecdggé;EEE;during sarly metamorphosis f.8. in

the lst day of pharate adult development.

3. Ihs paktarn of free amine seids in the hasmelysph
dyring lagval growth snd wetsmerphoels.

Yhe paper ehio-utngtnphin ssparation of the free
amine acids in the hasmolymph during larval growth and
metamorphasis shown in plate No.15 indigates tha
pro.oaoi of eystine, histidine, lysine, C=alanine,
serine, aspartic acid, threonine, glutamine, glysine,
glutanic acid, -amino butyric acid, proline, valine,
tyrosine, mathionina, issleucine phenyl alanine and
leucine, Aminc sgid PBe-amino~butyriec avid sccur enly
in the hasmolymph of 3rd day and 4th day eld larvae
as well as in tha pharaté pupas but not in the pharate
adult developmental stages as well as in ths hasmolymph
of freshly smergad adult. At a comparative level
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glycine, glutamic acid, valine and tyresine are found

to be present in highsr congentrations in ths hasmolymph
of larvas while hasmolymph of pharats pupae and pharate
adult develspmental stages shows the high consentrations
of glutamic ascid, prelins, glycine and histidine.

As can be ssen from the curvs in plate Ne. 21 the
total concentration of fres amino agids in the haemslymph
of 3rd day larvas is higher, it drops rapidly on the
4th day of larval growth and there is only slight
changs in the concentration ef total fres amine acids
during develapment of pharats pupa. Ths concentration
of total free amine acids increasss gradually during
pharats adult devslspment, Ths concentration of amino
acide suddenly incresses on the 2nd day nrﬁ;hnrato
adult development and {t remains atggigh level in the
further stages of matamorphosis. Y;; hasmolymph of
freshly emerged adult shows considerable drop in the
total congentration of fres amins asids. Individual

n

amino acids follew mors or lnuaf;;-. pattern of changes
with some statistical variations. Altesrations in the
concentrations of glycines, glutamic acid, isoleucine
are more significant as comparsd to the rest of the

amino ascids.
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D us 0 N.

The significant featurs of the bshavisur of fres
anino acids in the fat hody and hasmalymph is ths
increass in tha total concentration during last phasa
of larval growth, in the pharats pupa and in the early
mestamorphosis 1& the former and decrsase in the
congentration in these stages of development in the
later tissus. Follwing the mstamorphesis these
concentrations decraass in bath these tissues of

freshly emarged adult.

Despite #he sxtensivs litsrsturs on free amino
acids iu insects, reviewsd by Chen (1966) only relatively
faw utﬁiluc have bsen made, soncernsd with quantitative
changes in hasmelymph and fat body during largal grewth
and metamorphesis. Ths unsqual distribution eof
individual fres amino acids hetwsen the hasmolymph
and fat bedy of Lhrygosyis larva and pharate adult
in accord with the findings for other spesciss such
as Phozrmis larva (Levenbook 1966), the silkworm
(Brieteux Gre'geire and florkin, 1939), the southsrn
armyworm (Levenboek, 1962) and gargephaga ( Pant and
Lal, 1972). TYeo little is known about the physiolegical
significanss or mechanisms of amino seids compartmenta-
lisation in inseets to warrant ussful discussion, but
it is worth moting that the values fer Chrysomyls
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confirs Levenbook's (1962, 1964) generalization that
glutamine is concantratial in fnsect hasmelymph, and
glutamats in the tissues.

In insscts greater structural changes taks place
ovar sherter psriods of tims than are ssen in almost
any sther group of animals and these morpholeogical
changes ars tha result sf underlying bioohemical and
cytological changss. The change in the congantration
of fres amino atids can very well be correlated with
protein content and thair metabolism during grewth
and metamorphosis in blowflies, Ones can gst better
soerdination with alteration of protein values in
individual organ systems such as fat body or

hasmolymph during larval growth end metamorphosis.

It has been svidenced by several worksrs (Price,
1973) that early in the last instar tha fat bedy
synthealzes proteins and exports tham in to the
hasmalymph while in the later instar pretsins are
ssquestersd frem tha hasmelymph in to the fat body.
The rata of protsin aynthesis by the fat body is
alse high in the sarly ts mid part of the last instar,
but then falls off rapidly to a low level, at which
it ramains until the larva pupates, in diapausing
pupas protesin synthesis remains at this low level.

As a matter of fact there is ne experimental preef
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that the decompesition of larval preteins actually
prosssds as far as the preduction of amine acids prier
to their being utilized for the formation of adult
proteins,

The traser techaique studies on Jphinx licuatrl

(Bricteux, Gregeirs gt. gl., 1957) and Hyalephera
(Skinnes, 1966) havs indicated "high incerpsration

of amine acids in to pupal tissues. But thess rssults
show enly the ability of dsveloping pharats adult te
take up free amino acids do not necsssarily mesan that
it is the major pathway of protein synthesis during
histogenssis. Besides histelysis and histegenatic
variations, due to intercenvsrsion and sther mstabolic

conversions of amine asids can not bs negleted.

[ AR X R J



