BICCHELICAL STUDImS DUxING DEVERIOPIENT AKRD

(T e s

AGTLG IL CALLOSUB<UCHUS ALALIS (FAB.)

(COLLOPTLRA : BAUSHIDAE)

BY

AACLSH KURAR DHAND

ID WNO.72537003

A PULSIS SUbmIT[ED IN PARYTAL rULFILLENT OF
THE ReUInkeilHTS Faj THS DLGREL OF
DOCTUL OF PHILJSOPHY

IN

Do ALl T OF BIOLWGICAL SCIBNCES

5TiWIA INSTILUTE OF TECHNOLOGY AND SCICNCE
PTLANT, RAJASTHAN
INDIA

1976



DLDICATZD TO

1Y PAAUNTS,
Sa. B.D. DHAND,
Iate Simt. S4ARAK DHAND
&
GAURI



AL e T M L RS

tirls opportunity to exprecss my

Tateazlness £ Dr. deX. iivra, Direcior L bwlaluBa, for

s

i potronése and finanecial help throu hout the worlk
witnelt which this work would not have been co.iplete. I am
talHginl s D B.U: doscogl, AsBoeiste Professor, under

~hoge supervision and puidance the present worlk has been

carried out.
Ly thonss cre due to Dr. H.L. Kundu, Head, Deptt.
0i' bilologzical Sciences, for providing laboratory Taeilities,

to Prot, Gsls Arora and Dr. H.d. Pajni, Punjzb University
for identification of the specluens.

I am indcbted to parents and sisters whose constant

encourage.ent, I have been enjoying throughout this work.
Idr. Mrs. and Mr. Q.R. Rao,

My thanks are due to Sqn.

Lt. C.S3. Jagdev, Dr. Hajinder Singh Rai and lirs. ang Lir.

R.C. lMohan Rao for their good wishes.

I am thankiful to the Institute authorities for

awarding me a U.G.C., Junior Research Fellowship throughout

my stay.



LICSI.' Ul‘:_ ;11:.._15.4.‘3.1.\‘.\.; 1'{ ;H;{P.Lal‘l:.s

Redid fnd alimline phorphs tege setivity in relastion

¢ end agide in Cellosobruciug gnalis

[

0 epgy layin

£y

(Fzb.) (Coleoptera:sruchidae). Can. dJ. Zool.

53 : 1500-1504.

Trehalese and trenalose in relation Lo aging in

Callosobrucnus analis (Fab.) (Coleoptera:Sruchidae)

J. Insect Physiology (Communicated).

Age related changes 1in water content, protein, nucleic

zcide, lipids and supgar content in Callosobruchus

agalis [Fab.) (Belespbers;Bruehidae). J. Insect

Physiol. (Coumunicated).



1500

Acid and alkaline phosphatase activity in relation to epg-laying
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DHanD, R. K., and 5. C. RasToGl. 1975. Acid ard ziizline phosphatase activity in relation to
egg-laying and aging in Callosvoruchus aralis (Fzb.3«Coleoptera: Bruchidae). Can. J. Zool.
53: 1500—1504. ]

Acid and alkaline phosphatase (EC 3.1.3 2acd EC 3.1.35. 1) activities have been studied during
aging of male and female Callosobruchus analis (Fab.i. Acid phosphatase activity was found o
be much higher.than alxaline phoapnaux aciivity in both sexes throughout adult lifz. Both the
enzymes demonstrate lwo peaks of 2clivily, oneon the ird day and the other on the 10thday of the
adultlife. The first peak coincides with eve-layingzciivity inthe female, where the exg production
is found to be at a maximum until the 5rd day. The ==X Tor toth enzymes on the 10th day may be
responsible for mobilizing of metaoolitzs before the c2ath of insects.

DHaxb, R. K., et S. C. Rastoci. 1975, Acid 2od zlizlice phosphatase activity In relation 10
egg-laying and aging in Callosobruchns analis (Fz5.) (Coleoptera: Bruchidae). Can. J. Zool.

53: 1500-1504.

On a estimé I'activité de la pho;pnaax azide (EC 3.13.2) et de la phosphatase alcaline (EC
3.1.3.1) chez le male et ia femelie d2 Cailosearucrus aralis (Fab.) durant le vieillissement.
L’activité de la phosphatase acide st beaucoup zius Z2ade que celie de la phosphatase alealine
etce, chez les deux sexes, durant toutz fa vie aduit=. Ta observe deux sommets d'activite 2 12
part des deux enzymes, un le 3e jour et I'2utrs (= 102 Jour de la vie adulte. Le premier sommet
coincide avec la ponte chez la femzliz, la produczion d'cxufs étant maximale jusqu'au 3e jour. Le
sommet observé le 10e jour est sans douiz rasgonsatie de I'accumulation de métabolites gui

précade la mort des insectes.

Introduaction

Aging is zccompanied by many bicchzmical
change-:. in animal tissue at the subceliviar laval
Of s=veral hiochemical mechanisms, aitcraiions
in the eaciivity of phosphomonoesterasss ar
belizved to E‘-:pku'n declining functional ¢ ﬁcz_“
of tissue with increasing adult age. Activity of
phosphatases has besn studied in relation to
aging by many authors. In males of Musca
domestica, Rockstein (1936) found a s:zady de-
cline of acid and alkaline phosphatase activity
with advancing age. {n the same insect, Barker
and Alsxander (1958) reported a maximum
activity of alkaline phosphatase in 2-day-old
larvae of housefly and highest acid phosnhatase
activity in the egg stage. Sex-specific differences
for phosphatases were reported by Ravchaud-
huri and Butz (19656) during the lifz of Tribo-
lium confusum. Lambermont (1960) reported a
steady decline of acid phosphatase aciivity in

1Acid phosphatase (EC 3.1.3.2) = orthophosphoric-
monoester phosphohydrolase (acid optimum); alialine
phosphatase (EC 3.1.3.1) = orthophosphonc-incnoester
phosphohydrolase (alkaline optimum).

[Traduit par le journal}

both t’ne sexes of yellow fever mosquito, Aedes

aszyaii . Rousell (1971) reported an increase in
z2ix=iin2 phosphatase activity in Musca autom-
rzlis during the 1st week of adult lirz followed by
2 stzady declme until the 4th wazk. Nath and
BJ:! (1971 1973) recorded th'*t the & .d and

oozl Armoenus megatoma and f‘onclL.c‘.ed that
D2 enzymes appear to be related 1o biology of
T2 organism.

Although available literature is siimulating,
satisfactory generahzanon of the enzyme-
relationship is not possiblz unless more
iz on a variety of insect speciss are made
vailable. Therefore Callosobruciius enalis was
tL:'=d, as it is a short-lived pest on lzzuminous
=25 and does not feed after emarzznce. The
m of the present study was to dztermine tha
d and alkaline phosphatase activity in re-
toa to aging, sex, and egg production.

Materials and Methods

A homogeneous culture of Callosobrichus aralis was
Xert in half-litre culture jars in the labos ratory. The jars
= half-filled with uninfected peagram szeds, Cicer
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Fic. 1. Egg-laying activity in female Callosobruchus aralis during aging.

arietinum. Jars were covered with muslin cloth and the
cuiture was kept at 25 + 3°C and 60 + 107 relauve
humidity. The culture was allowed to go through {our
generations and each generation was reared on fresh
uninfected seeds to obtain a homogeneous culture tefore
enzyme studies were begun.

Insects of both sexzs werz collected every day at 10 a.m.
aad were izkan 10 be 24 h old. They were placed in new
jars with uninfzcted seeds, where they were allowsd 1o
mate and lay eggs. Incects of different age groups were
kept in separatz jars at a density of three to five eggs per
seed,

Ezgz-laving Rate

Studies on the rate of egg-laying were made by keeping
batches of 30 females with an equal number of males of
the same age group in each of four different glass jars.
Freshly laid ezgs are minute white bodies observable by
the naked eve. The ezgs were counted at every 24+-h inter-
val under the dissecting binocular microscope and the
counted enes were marked with India ink to avoid errors.
i::‘r:cd'r;‘ day, old seeds were replaced with naw un-
_oevted ones. The same procedure was followed for the
“exliour generations and the average of the number of
awss faid per 200 females was calculated after every 24 h.

Hrierrwnation of Phospharase Activity

\L:l and aiklahne phosphatase activities were studied
T atf=rsexat intervals of 24 h from the Ist day of aduit
“c”-\.::mty was studied by the method of Bodansky
i433) aith sodium B-glyccrophos;)hntc as the substraza.
Y-id prosphatase activity was studied at pH 5.0 and its
424 "¢ counterpart at pH 9.2, The enzyme activity was
T¢-r-"zd in micrograms of inorganic phosphorus re-
f::'-n: 21 37 C after 30 min of incubation. Inorganic
A F ey released was measured by the method of
™ At 820 nm on a DU-2 Spectrophotometar

“¢ v2leulations were made per insect.

AT

g

Enzyme activity was studied in whole-body homogen-
ates, for which males and females were homogenized
secaraiely in ice-cold triple-distilled water in a prechilled
glass homogenizer. Each time, batches of 30 insects of
eitier s2x were weighed and homogenized for 5 mia with
intermittent cooling, the homogenate was centrifuged at
2300 rpm for 3 min, and the final volume was made up to
20 ml and stored in a refrigerator. Four renlicates were
taken for 2ach enzyme assay per age group of insects and
the average values of the activity of enzymes were caley-
laed per insect.

Results

Average number of eggs laid per day by 200
femalss was tabulated and plotted as shown in
Fig. 1. For the first 3 days, the number of egas
laid showed a progressive increase and there-
after thzre was a gradual decline unul the last
day of adult life.

The enzyme activity has been expressed in
terrns of inorganic phosphorus released per
insect during 30-min incubation. From Fig. 2,
it is observed that acid phosphatase shows a
peak of activity in both sexes on the 3rd day.
In males the activity is higher than in females
until the 3rd day and declines steadily there-
after until the 6th day; after that there is a
gradual increase to another peak on the 10th
day. However, in females the acid phosphatase
actuivity 1s always higher after the 3rd day than
is that of males.

Figure 3 indicates an interesting pattern of
alkaline phosphatase activity. It is observed that
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On mean values represent standard deviations.

alkaline phosphatase is always at a higher level
in females than in males. In females the alkaline
phosphatase activity goes on increasing until
the 3rd day, thereafter there is a decline up to
the 6th day, then an increase to another peak on
the 10th day. After the 10th day of adult life
the activity decreases sharply on the IIlth day
followed by a gradual decrease until the |3th
day. In males, however, the enzyme shows the
characteristic pattern of the female, but always
remains at a lower level. The higher level of

CAN. J. ZOOL. VOL. 53. 1975

enzyme on the 3rd day has an interesting cor-
relation with egg-laying (Fig. 1).

From Fig, 4, it is clear that the acid and
alkaline phosphatase ratio is always higher in
males than females throughout adult life. Here
it should be noted that in females the acid and
alkaline phosphatase ratio varies from 9 to 16
times from Ist day to 13th day, whereas in
males the ratio shows wide fluctuations up to
the 8th day of adult life, after which it decreases
to the lowest level, remaining almost constant
for the rest of adult life, between 10.5 to 25
times. In males, the acid/alkaline phosphatase
ratio is almost 1.5 times that of females up to the
10th day of adult life.

Discussion

Considerable evidence now exists to indicate
a positive correlation between aging and changes
in the activity of acid and alkaline phosphatases
in insects. Their role in insect development,
especially in relation to nutrition and egg mat-
uration, has been well established (Ludwig
et al. 1962; Raychaudhuri and Butz 1963a,
19656; Nath and Butler 1971, 1973).

Raychaudhuri and Butz (19636) reported in
female Tribolium confusum two peaks of acid
phosphatase, one in early life and the other in
the later life of the adult. There is, however,
only one peak of alkaline phosphatase in
females, soon after emergence. In males, the
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activity of alkaline phosphatase remains almost
consta-nt throughout adult lifc, whercars acid
phosphatase shows one peak in early life. In
Tenebrio molitor, Ludwig er al. (1962) were able
to record only one peak for both acid and
alkaline phosphatase, during early life of the
insects. In black carpet beetle, Attagenus mega-
toma (Nath and Butler 1973), it has been shown
that the alkaline phosphatase increases steadily
up to the 9th day, which is in contradistinction
to the observations reported in other species
(Rousell 1971: Naqvi and Ashrafi 1968).

The activity pattern of acid and alkaline phos-
phatase in Callosobruchus anulis is interesting.
Both acid and zlkaline phosphatases show =z
steady increase of activity in both males and
females, attaining a peak on the 3rd day of
adult life (Figs. 2, 3). Then it declines up to the’
6th day and thereafter rises to give another peak
on the 10th day of aduit life. It is significant to
note that after the 3rd day, acid phosphatase is
more pronounced in females than in males
(Fig. 2). However, alkaline phosphatase activity
is always at a higher level in females than in
males. High levels of both the enzymes for the
first 3 days of adult lifc appear to be related to
their role in nourishing the sperms in males. and
in egg maturation and egg-laying in femaiss.
since the maximum number of eggs is laid on
the 3rd day of adult life (Fig. 1). This observation
supports Moog’s (1946) hypothesis that acid
phosphatase plays an important role in neur-
ishing the sperms. Raychaudhuri and Butz
(1965a, 1965b) also suggested that the sperms
produced by the males at the peak activity of
acid enzyme may be rich in acid phosphatasa.
which would perhaps ensure a longer life of the
offspring. They further suggested that the eggs
produced at the height of enzyme activity by the
females are more viable.

As far as the second peak of activity is con-
cerned, two possible explanations could be ad-
vanced. First, it may be due to release of acid
enzyme from the lysosomes, whose membranes
acquire greater permeability before death. Sec-
ondly, it IS suggested that the spurt of acid
enzyme activity on the 10th day may be associ-
ated with tissue breakdown and metabolism of
stored foods like carbohydrates and fats. Greater
transport of metabolites is needed, since the
insects do not feed during aduit life. Lockshin
and Williams (19654, 1965b6) have suggested that

1504

1503

in the last days of adult life of Antheraca pernyi,
cathepsin and acid phosphatases are released
from Iysosomes because of increase in perme-
ability of their membranes, resulting in the
increase in activity of acid phosphatase as well
as cathepsin. By the activity of both of these
enzvmes, muscle breaks down gradually to en-
sure biological death. It has also been found that
the death rate of the present insect coincides with
the hich activity of phosphatases (unpublished
observations).

It appears that the peak of enzyme activity on
the 10th day is concerned with the transport of
metabolites to cope with the increased energy
needs of the insects, as suggested by Tribz (1966)
and Baker and Lloyds (1970). The firs: peak,
however, is concerned with gamete m. ‘iration
and egg-laving in the insects.
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L1 = Iet Icrva
L2 = IInd larva
13 = 3rd Larva
IL = Lth Lzrva
L 5 = 5t larvs
PP = Pre pupa

P = Pupa

e = wet Weight
Duk = Dry Vieight
WC = Water Content
vz &= Microgram
Mg = lilligram

5 = Inorganic phosphorus
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In recent years considerable interest has veered
round the physiological and biochemical studies during
insect development'and aging. Consequently, voluminous
literature has accumulated on the subject. In insect
development , starting from fertilization of the egg to the
formtion of adult stage, a series of physiological and
biochemical changes take place which govern major events
like embryonic and postembryonic development including
growth, moulting and pupation. Although developmental
event s are largely under hormonal antrol (review by
Gilbert, 1964}, there are enough evidences which suggest
involvement of biochemical aspects also. These aspects
include changes in the patterns of free amino acid pools,
quantitative changes of free amino acids, changes in
haemolymph and tissue proteins, lipids, sugars, nucleic
acids and enzyme patterns. Since the develop ing or'gan ism
represent s a most dynamic condition, it is imperative that

significamt biochemical changes ~ = take place throughout

the development.

Notwithstanding exciting progress made in this

area (reviews by Agrell and Iundquist, 1973, Chen, 1962 and



1966, Gilbert, 1907, and Wyatt, 1967), there are, however,
many gaps in our knowledge. A satisfactory correlation
cannot ve made to explain biochemical changes vis-a-vis
morpnogenetic events during insect development owing to a
wide variety of insect species, their diverse modes of

feeding and variable patterns of development.

Another aspect, wnich has increasingly received
attention of the physioclogists, is the study of the aging
process in insects. Excellent review on aging has been
given by Rockstein and Miquel (1973). According to them,
aging has been defined as the sumtotal of time dependent
reproducible changes, poth in structure and function for

a given organism during its entire life span.

Therefore, it is logical to presume that aging is
accompanied by many biochemical changes in the animal
tissue at cellular and subcellur levels. Some isolated
studies have been made in this direction on a number of
insects concerning total body composition as well as
individual tissue composition. Of several biochemical
mechanisms, the activities of certain enzymes are believed
o explain declining functional efficiency of the tissues
with increasing age. Although the available information
is stimulating, no general theory of aging could be
established in view of the paucity of information on

different insect species.
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Present study had been undertaken in an attempt
to bridge some of the gaps in our xnowledge of biochemical
changes during insect development and aging. For the

purpose, Callosobruchus analis (Fab.) has been chosen.

Callosobruchus analis is a serious pest on the stored

grains, especially the leguminous seeds. This genus has
five species which are cosmopolitan in distribution, out

of which at least three species, viz. C. analis, C.maculatus

and C. chinensis are common in India.

C. analis lays eggs on the whole seeds, and after
complefing embryonic life for a few days, the larvae
hatch out and bore through the seeds. larvae are voracious
feeders and undergo five successive moultings until they

become adult. The adults live for about 15 days and do

not feed in this stage.

This insect has been selected for three reasons.
Firgtly, the life cycle is short, i.e. about 30-32 days.
Secondly, pure cultuwe of these insects can be maintained
in the laboratory under controlled conditions. Thirdly,
there is no information available on the biochemical
aspects of development and aging of this insect. The

present work arose from all such considerations.

The thesis embodies investigations on the biology,

egg laying rate, life tables and survival curves of the se



insects under controlled laboratory conditions.
Survival curves and life tables lend special support in
the study of aging since the life span of aging adults
is subjected to the influence of extrinsic and intrinsic
factors. Biochemical aspects include activities of
certain enzymes, changes in proteins, sugars, lipids,
nucleic acids and amino acids, both during development
and aging. Besides biochemical studies, changes in

wet weight, dry weight and water contemt have also been
determined to find out whether or not there is any
correlation between these parameters on one hand and

aging on the other hand.
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MATERTALS AND METHGODS

2.1 LABORATORY CULTURE

Callosobruchus analis (Fab.) was reared in the laboratory

on fresh uninfected peagram seeds, Cicer arietinum. In order

to obtain a homogeneous culture, the insects were allowed to
go through four generations. The cultwe was maintained in
nalf litre cultwe Jjars, half filled with fresh uninfected
pea gram seeds. Jars were carefully covered with muslin
cloth secured with rubber bands. The cult we was maintained
in the laboratory at 25 + 3°C and Relative humidity of

60 + 10%. The seeds were reshuffled for sufficient aeration
and new seeds were added occasionally so as to prevent micro-
bial growth and parasites. Adjustmert by manual handling was
done in a way so that about 3-5 eggs were laid on a seed.
Sexual dimorphism is exhibited by C. analis and the sexes
were identified by morphological characters (Rainma, 1970 angd

Arora, 1969). The characters are:
(1) Males are light brown in colour while females are
dark brown.

(2) Pygidium in male is directed downward while in females

it is directed backward to facilitate copulation.,



(3) Males are active, always tracking for females while

females are timid and passive.

2.2 SIUDY OF THE LIFK CYCLHE

Only 24 hour o0ld eggs were selected for the study of
development stages. Eggs so obtained were kept under the
laboratory conditions and observed daily. After establishment
of embryonic period; the time of larval hatching was studied
by dissecting the seeds. For the study of dif ferent Ilarval
stages, the infected seeds were opened daily with sharp,
fine needles and the time of sudden increase in the size of
larvae and the shedding of old skin was precisely noted.

The same procedure was followed far aubsequent four generations

and the results were compiled (Table 2.1).

The embryonic period lasts 6-7 days from the time
of egg laying. Hatching takes place between 6th and 7th day
after egg laying. After hatching has been accomplished,
the empty egg shells on the seeds turn creamy whitzs filled
with frass and loose their transparency. The newly hatched
larvae bore through the seed and remain tlere until
emergence., The larvae undergo through 5 successive
moultings inside the seed and develop into a pupa. It takes

about 30 days to complete the development until emergence.



Table 2.1 Showing the various larval stages
and the ir duration

g gDuration g Age of the developmental
S 3§ Stage | of stage | stage in hours/days
No.g %(in days) % after emergence
1 Embryonic 6-7 14,4-168 hrs
2 Hatching of larva Between 6th Between 144-168 hrs
and 7th
3 Tet Jarvs i . Upto 11th day
L IInd larva 3-4 Upto 15th day
5 IIIrd larva 3.4 Upto 13th day
6 IVth larva 3=4 Upto 22nd day
7 Vth larva 3k Upto 24-25th day
8 Prepupa Z Upto 26-28th day
9 Pupa 3-4 Upto 30th day

From table 2.1, it is obvious that each of the
developmental stage lasts for 3-4 days except that of pupal
stage which lasts for 5-6 days.

Biochemical studies were done on the developmental

stages of definite age group as given below:

I. One day old embryo or 24 hr old eggs
II. Four day old embryo or 96 hr old eggs
III. 1st larval stage or 240 hr after egg laying

IV. 2nd larval stage or 312 hr after egg laying



V. 3rd larval stage or 334 hr after egg laying

VI. A4th larval stage or 430 hr after ezg laying
VII. 5th larval stage or 576 hr after egg laying
VIII. Prepupa or 624 hr after egg laying
TX. Pupa or 672 hr after egg laying

The adult emergence starts 30 days after egg laying.

2.3 LEGG LAYTNG RATE

The egg laying rate was stud ied by keeping batches
of 24 lr old 50 females and an equal number of males of the
same age in four different glass jars. Following mating,
eggs were laid on the seeds which are visible with the naked
eye as small, whitish and shining bodies. The eggs were
counted after intervals of 24 hour under the dissecting
binocular microscope and the counted ones were marked with
India ink to avoid counting errors. Every 3rd day, old
seeds were replaced with new uninfected ones. The same
procedure was followed far the next four generations and
- the total count was taken after every 24th hour as mean

numer of eggs laid per 200 females.

2.4, PREPARATION OF LIFE TABLES

For studying the death rate among adult insects,
groups of 30-100 females and equal number of males were

taken in 1 litre glass jars within 5 hour of hatching of
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adults, Subsequently, the number of dead individuals of
either sex were counted after an interval of 24 hour and
the dead ones were removed from the jars. This was done
until the last survivor also died. The observations and
counts were made for 4 generations and the mean value on
daily basis was taken. Life tables lmve been constructed

from the mortality rates (Krebs, 1972).

2.5 DETERMINATION OF WET WEIGHI, DRY WEIGHI, WATER CONTENT
AND TOTAL LIPIDS DURING DEVELOPMLNT AND AGING

Wet Weight (WW). WW per adult of eitler sex was

determined by taking random samples of 100 insects of either
sex of the same age by weighing on Mettler balance. The
same procedure was followed for the next four generations
and the mean WW per insect was calculated. By the same

method WW per developmental stage was also calculated.

From the WW of 100 adults, nunber of insects per
gram WW were calculated. Also the number of larvae or

pupae per gram WW were also determined.

Dry Weight (DW) and Water Content (WC). WC and DN

were determined by gravimetric method. The samples of 100
insects, larvae or pupae previously used for the determing-~
tion of WW and number of insects, were utilized. The
counted and weighted insects were then dried at 6008 on a

thermostatic hot plate until DW was constant. Thus the dry



well detfined post-embryonic stages and adults of either
sex from emergéﬁce to 13th day of adult life, so as to
find out any correlation between enzyme activity and the

different stages of development and aging.

For enzyme activity during aging, insects of both
the sexes were collected at 10 A.M. after intervals of
24 hour and the insects so obtained were taken to be as
2L hour old. Similarly, different developmental stages

were collected by dissecting the infected seeds at specific

times after egg laying.

Preparation of Homogenates. Enzyme activity was

studied in whole body homogenate for which males and females
were homogenized. Each time 30 insects of either sex were
weighed and homogenized separately for 5 minutes with
intermittent cooling and the homogenate was centrifuged at
2500 r.p.m. for 5 minutes; the final volume was made upto

20 ml and stored in refrigerator until use.

Similarly, same proceduwre was adopted for preparing
homogenates of larvae and pupae except 1st larval stage,
where 60 larvae were used and in the embryonic stage where

00 eggs were taken for each stage.

The homogenate thus obtained was utilized not only
for enzyme activity but also for the estimation of RNA
§ )

DNA, proteins, total Sugars and trehalose.
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Acid ad Alkaline Phosplmtase Activity. Acid and

alkaline phosphatase activity was stud ied by the method of
Bodansky (1933), using sodium B -glycerophosphate as
substrate. Acid phosphatase was studied at pH 5.0 while

alkaline phosphatase activity was determined at pH 9.2

The enzyme activity was measured as 1u_Pi released/

g
30 minutes at 3700.

Substrate Preparation. The sustrate for acid

phosphatase was made by dissolving 0.500 gm of sodium
B-glycerophosphate and 0.424 gm of sodium diethyl barbitone
in 70 ml of triple distilled water to which 5.0 ml of 1N
acetic acid was added. Aftgr mixing thoroughly, added a
few millilitres of petroleum ether and the solution was
made to 100 ml by taking the meniscus in between orgenic

and water layer.

Substrate for alkaline phosphatase was prepared in
the same way except that no acetic acid was added in this
case. The pH of the golutions so prepared was adjusted with
the help of dilute NaOH and 1N acetic acid on Philips PROLO5M
precision pH meter. The pH was maintained at 5.0Ffor acig
phosphatase and pH 9.2 for alkaline phosphatase. The

substrates for both the enzymes were stored in refrigerator.

Determination of Enzyme Activity. For the estimtion

of phosphstases, six clear test tubes were taken; three each
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diluting to a final volume of 100 ml. The pH

5.2 was adjusted on pH meter.

Procedure. For trehalese activity, 4 clear test
tubes were taken, marked as incubation tube, sugar blank
tube, enzyme blank tube and one blank. The incubation tube
showed the experimental enzyme activity, sugar blank gave
reducing sugars present in trehalose, enzyme blank tube
gave the reducing sugars present in the homogenate, while

blank is used to adjust spectrophotometer to null point.

-

0.6 ml of citrate buffer was pipetted in each tube
and then 0.5 ml of trehalose solution was added to incubation
tube and sugar blank. The tubes were incubated in a water
bath maintained at 3200 to give preincubation for 10 minutes.
Then added 0.5 ml of homogenate to incubation tube and enzyme
blank tubes, and after mixing the tubes were incubated for
15 minutes at 3200. After the incubation time was over, tubes
were heated in a boiling water bath for 10 minutes and after
cooling solutions were made in all the tubes to 2.0 ml with
distilled water. Then solutions were centrifuged and

supernatant was used for glucose estimation.

Determination of Released Glucose. Glucose released

by the trehalase activity was estimmted by Folin-Wu method
(Oser, 1965). Glucose (BDH ANAILAR) was used to make standard

curve under exactly the same conditions.



-2 {16 ) :-

2.7 'LTOTAL SUGARS

‘fotal sugars in all the stages were estimated by
the method of Dubois et al. (1956) using 5% Phenol (ANAIAR)
and Analar conc. “2504' The homogenate already prepared
was employed for the purpose. Absorbance was measured at
490 nm on DU-2 spectrophotometer. Glucose was employed
for standard curve. The total sugars present were
calculated as 1 gm of sugar/insect WW as well as mg sugar/gm

WW tissue and also as percentage of total WW.

2.8 TREHAILOSE ESITINMATICN

Trehalcse content of the total sugars was determined
by the chemical method of Wyatt and Kalf (1957). The homo-
genate was deproteinized by boiling the samples in boiling

water for 10 minutes and then used for estimation.

Two test tubes were taken, one as blank and the other
for trehalose estinmation. To the blank added 0.5 ml of
distilled water while in the other 0.5 ml of deproteinized
homogenate was added. The solutions were evaporated on a
hot plate and the residue was redissolveci in 0.2 ml of 0.1N
sulfuric acid. The tubes were covered with aluminium foils
and heated for 10 minutes in a boiling water bath. Then
the solutions in the tubes were made alkaline with 0.15 ml
of 6N NaOH and tubes were again kept in the boiling water

bath for 10 minues. After the acid and alkaline treatment
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tubes were chilled in {&ce. In the chilled tubes 2.0 ml
of chilled anthrone reagent was added (0.2 gm anthrone/
100 ml of HZSOA)' Tubes vwere again allowed to stand in
ice for 10 minutes and then mixed well. After mixing,
tubes were again cooled for 5 minutes and then these
were heated in a boiling water bath for 10 minutes. The
readings were taken at 630 nm on DU-Z spectrophotometer.

Stzndard curve of trehalose was mede exactly under the

same conditions.

I'he trehalose content was measured as 9 gm of
trehalose/insect W arnd mg of trehalose/gm WW of insect

tissue and also as percentage of the toctal sugar content.

2.9 SEQUENTIAL SEPARATION OF RNA, DNA AND PROTEIN

RNA, DNA and protein were separated from the aqueous

homogenates of different stages by the method of Shibko et

al. (1967).

For the sequential separation of RNA, DNA and
protein from the single aliquot of homogenates, 5.0 ml of
homogenate was taken in a centrifuge tube and chilled in
ice. 0.5 ml of perchloric acid (PCA) (60-62%) was added
and after mixing, the tubes were cooled in ice for 15 minutes
to precipitate protein. Then it was centrifuged at 2500
r.p.m. for 10 minutes. The supernatent was re pgcted and

the precipitated proteins were washed twice with 5% PGA.
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RNA Separation. The precipitated protein residue

was treated with 10 ml of O.3N sodium hydroxide and
incubated for 90 minutes at 3700. After incubation 0.5 ml
of perchloric acid was added and the tube was ice cooled

for 15 minutes. After centrifugation, the supernatant
containing RNA was collected. The pellet thus obtained

was given two washings with 5% PCA and the whole supernatant

was collected and the final volume obtained was 15 ml.

DNA Separation. The pellet was resusperded in 10 ml

of 1.5% PCA. After mixing, the tube was heated in a water
bath for 30 minutes at 95°C. The tube was removed and

0.5 ml of PCA was added and the mixture was cooled for 15
minutes in ice. It was centrifuged and the supernatant was
collected. The pellet so obtained was washed twice with
1.5% PCA and the final volume was made upto 15 ml. This

supernatant contains DNA.

Removal of ILipids from the Pellet. The pellet

obtained after DNA separation contained lipid and proteins.
For removal of lipid, the pellet was suspected in 10 ml of
0.35% PCA in ethanol and the supernatant obtained after
centrifugation was collected. The pellet thus obtained
was kept for 20 minutes in each of the following; ethanol:

chloroform (3:1), ethanol:ether (3:1) and in petroleum ether.

Proteins. The pellet obtained after lipid removal

contains proteins. The pellet was dried for 10-15 minutes
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Sequential separation scheme for RNA, DNA, Protein

5.0 ml homogenate + 0.5 ml ice cold perchloric acid

(50-62%)

o]
Allowed to stand for 15 minutes at 0'C

Wash the pellet twice with 5% PCA (W/V)

-

———

combinsd supernatant
(rejected)

can be used for
glycogen estimtion

]

suspended the pellet in
10.0 ml O0.3N NaOH

Add 0.5 ml of PCA (60-62%),
cool in ice for 15 minutes,
wash the pellet twice with
5% PCA (W/V)

:

combined supernatant
RNA
(15 ml)

_1
suspended pellet in 10.0 ml
of 1.5% PCA (W/V); incubated
for 30 minutes at 90°C. Add
0.5 ml1 of PCA (60-62%);
cool for 15 minutes; Wash
twice with 1.5 PCA

l

combined supernatant
DNA
(15 ml)

l
I

suspended and washed the
pellet in:

(a) 10 ml of Ethanol/0.35
PCA - 10 min.

(b) 10 ml ethanol/chloro form
- 10 min.

(c) 10 ml ethanol/ether -
10 #in.

(d) 10 ml petroleum ether -
10 min.

combined supernatant
(1ipid)
re jected

B o
Pellet; dried at 50°C for
10-15 minutes and
dissolved in 15 ml of
0.5N NaOH
(Proteins)
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to remove ether., Then the pe llet was dissolved in 15 ml

ot 0.5N NaOH for the estimation of proteins.

2.10 ESITMATION OF RNA, DNA AND PROTEIN

ENA and DNA. RNA and DNA were estimated from the

supernatant by reading their absorbance et 260 nm. Standard
curve for RNA was rede by dissolving yeast white powder RNA
(Biochemicals unit, Patel Chest) in O.3N NaOH while for DNA,
sodium salt of DNA from calf thymus (Patel Chest) was
dissolved in 1.5% PCA and standard curves were made by taking

the absorbance at 260 nm.

The RNA and DNA content per insect WW as well as per
gm WW of insect tissue were calculated from the absorbancy

of separated solutions.

Protein Determination. Proteins were estimated from

the protein solutions prepared by sequential separation by
the method of Ilowry et al. (1951) using sodium citrate at
750 nm and the colour developed was stable for 2 hours.
Standard curve of protein was prepared by using bovine serunm
albumin under the same condition. Calculations were done as
1 gm protein/insect WW as well as mgm of protein/gm WW of

insect time,

2.11 QUANTITATIVE AMINO ACID ESTINMATION

The qualitative and quantitative estimation of amino



acids was dorne by paper chromatography. Amino acids were

estime ted both during development and aging.

Material for Study. For the study of amino acid

metabo lism during developmert, five larval ard two pupal
stages were collected and stored in refrigerator. For
aging, 8 stages of eitler sex were collected from the
cultures and the stages employed were; 24 hrn, 48 hr.,

72 hr., 96 hr., 144 hre, 192 hr., 240 hr. and 288 hr. sld
adults. For each of the developmental and adult stages,
100 individuals were randomly collected except for 1st and

2nd larval stages for which 200 individuals were used.

Preparation of Amino Acid Samples. Each of the

stage was homogenized individually in 5 ml of 70% (V/V) ethyl
alcohol and diluted to a final volume of 20 ml. The homoge-
nates were kept overnight and then centrifuged at 2500 r.p.m,
for 10-15 minut es each and the supernatants were collected

in marked petridishes. The residwes were washed twice and
the supern:ewants obtained after centrifugation were collected
in separately marked petri dishes. The brownish residue
Obtained was washed twice in petroleum etlter for 30 minutes
each time, The petroleum ether washings were re jected and

the residwe was dissolved in 2.0 ml of 10% isopropyl alcohol

and stored in a refrigerator until use.

Chromatography. Descending chromatography was done

on Whatmen No. 1 paper (18" x 24"). For optimal resolution,
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100 9l of amino acid extract was used. The spot applied

was in the form of a 'thin 2.C cm long line with a micro-
syringe by alternate spotting amd drying. For identification
of spots, 22 known amino acid standard samples were
simultaneously applied on the same chromtogram for

comparison. R1i values were not calcula ted.

Butanol:acetic acid:water (4:1:5) solvent system
was used and al lowed to run for 27 hr. continuously. The
chromatograms were dried and passed through ninhydrin
so lution {0.2% ninhydrin in acetone) and developed by

o)
drying in an oven at 55 C for 10 minutes.

Quantitative Estimation. For quantitative estimation,

each of the ninhydrin-positive spots were eluted in 4.0 ml
of 65% ethanol and constant ly shaken for 1 how for maximum
extraction of the reddish blue coloured spots. The absorbance
was taken at 570 nm except proline which was read at 440 nm
against the blank prepared by extracting a part of spotless

chromatogram equal to the size of spots already extracted,

Standard values of known amino acids were obtained by
the usual chromtographic technique and the values of the

unknown samples compared and calculated as m gm/insect WW basis.

Note:~- All experiments conducted above were given
four consecutive repetitions and a mean value was used for
calculations. Standard deviation was calculated and drawn

wherever necessary.
L
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BIOLOGY OF C. ANALIS

SUMIARY

This chapter deals with the changes in the wet
weight, dry weight and water content during development

and aging in either sex of Callosobruchus analis. Besides

this, demographic studies and egg laying rate have also
been studied. It is found that wet weight as mg/individual
declines during embryonic development followed by a constant
increase during larval developmemnt reaching a maximum value
in the 5th larva. During pupation and aging the wet weight/
Jinsect again declines until 13th day of adult life. 1In
relation to changes in the wet weight of insects or their
developmental stages, the number of individua 1s/gm wet
weight also varies, Water content is lowest in embryonic
stages followed by its constant increase upto 5th larva
when it reaches a maximum value. After larval development,
water content decreases in pupal stages. During adult life
water contert. is lowest in 24 hour old females which goes
on increasing until 13th day. However, in males, it is
maximum in 24 hour adult stage and shows three drops in migd

life and later attains the original level of water content

in last days which is almost equal to 24 hour adult stage.



Dry weight was estimted by subtracting water content from
total wet weight and it shows the opposite trend to that

ol water content.

Nunber of eggs laid/day increases from Ist day to
3rd day of adult life when it is maximum. Thereafter the
egcg laying rate declines gradually. As for demographic
studies, it has peen observed that life expectancy (e,)
of females is higher than males at any stage of adult
lite. Death rate (1000 ¢x} goes on increasing as the age
of insects advances. Survival cuwrves obtained are of
tTntermediate type' in which nurber of deaths/day rises
élowly for the firét half of insect life followed by an

abrupt increase in number of deaths in the 3rd quarter and

in the last few dayslﬁumber of deaths/day again slows down.



3.1 INYRODUGHT ON

A number of reports have appeared on the longivity
and life tables (Pearl and Parker, 1924; Pear€ and Miner,
1935, Pearl, 1940; Rockstein and Lieberman, 1953, and more
recently Nowosielsky and Patton, 19565). Despite these
reports, ouwr knowledge regarding the survival and mortality
rates in insects is far from satisfactory. Life tables
are important since they help us in understanding the
"changing force of mortality™ or probability of death with
advancing age. It is a common knowledge that older
organisms are more prone to environmental strains and are
liable to show increased death rates which their younger
counterparts are able to withstand. Besides this, life
tables also help us in the prediction of 1life expectancy

of an individual at any particular age.

Iints and Lints (1969) and Burcombe and Hollingworth

(1970) reported that the duration of life in Drosophila is

influenced by the temperature at which embryonic and post.
embryonic development of the insect takes place. Further,
Burcombe and Hollingworth (1970), have also suggested that

the speed and the duration of development in Drosophila also

modif'ies the longivity of the adults. Lints and Hoste (1974)
recorded that a change in the life span of the of fspring
depends upon the age of parems. Iamb (1964) studied the

effect of radiations on the adult 1ife in insects and
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reported that radiations cause a shortening of life span
in males wlereas in females there is an enhancement of
life span which is a consequence of induced sterility

and decreased facundity. Berberian et al. (1971) demonst-
rated that staggered egg laying enhances the life span of
fema les and this enhanced life is due to the manipulation
of neurosecretions which control the egg laying and aging.
According to Rockstein (1958), longivity is inherited and
the life span is the result of combined influence of genetic
and environmental factors. Nowosielsky and Patton (1965)
noted the effect of mating and grouping on life span.
Goodman (1963), reported an increased life span for most

fecund, Musca domestica females. Gray and Berberian (1971)

showed an increase in longivity of females on increased
milk feeding and concluded that the longivity is the result

of the effect of enhanced egg maturation amd egg laying.

Edward (1958) found variations in the percentage

of water content in Chironomous riparius with growth and

aging. lang et al, (1965) and Blevin (1972 and 1973b)
have reported a decrease in wet weight and water content
with advancing age. On the contrary, Wharton et al.(1965)

found an increase of water content with advancing age in

American cockroach.

The culture of C. analis was maintained under well-

defined laboratory conditions. As according to Lints (1971)
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and Rockstein and Miquel (1973) strict control of
environmertal methods is essential in longivity studies

as the amount of variables which influence longivity are
enormous and a bad control or the oversight of variables
leads to wrong conclusions. The purpose to study the life
span, egg laying, wet weight and dry weight and water
content under the controlled conditions has been to analyze
the biochemical changes during development and aging under
the same conditions and also to determine whether any
correlation exists between the egg laying rate and 1life

tables accompanied by biochemical changes.

3.2 RESUL! OF BIOLOGY, DEMOGRAPHIC SIUDIES AND EGG
LAYING SI'UDIES.

3.2.1 Total Wet Weight (W)

Changejin total wet weight per larva, pupa’or adults
of either sex are given in Figs. 1, 2 giving observations
on the water content during the life cycle. The average
weight of the freshly laid egg is 0.0000297 mg, and it
decreases slightly until hatching takes place. The larva
feeds voraciously and consequently, the WW incresses to
0.580 mg until 1st larval stage. The WW of larva increases
from 1st to 5th larval stage, when it reaches maxdmum 5
9.55 mg per larva. Fifth larval stage moults into pupal
stage between 24-26 days after egg laying. As pupa represents

a non-feeding stage having very high metabo lic rate, the WW



-: (28 ) :-

gradually decreases to 6.93 mg on 23th day after egg laying
chows a decrease of 30% loss in WW between 5th larval stage
to pupa. This intense loss in WW is obviously due to

uti lization of stored food dw ing the pupal period.

The adults start emerging from the seeds between
30-31 days after egg laying. The adults further show a
decrease in WW to 6.103 mg in females and 5.733 mg in case
of males (Fig. 2). As the age of adults of eitter sex
advances, the WH goes on decreasing gradually (Fig. 2A).
But the decline in WW is much pronounced during the first
5 days of adult life which is 4.333 mg in females and 3.333 mg
in males. Thus there is a decrease of 17% in WW of females
and 32% in males. This appreciable decrease in WW in the
first few days scems to be a result of intense activity,

viz., copulation and egg laying.

By the time the adults are 13 day old, the WW has
considerably reduced. The females weigh 3.305 mg/insect

and males weigh 2.857 mg/insect.

In order to estimate the di fference in the loss of
WW of either sex as well as during developmental stages,
the number of insects/gm have been calculated and results
plotted in Fig. 1B and 2B. It is observed that the WW of
females 1s always higher as compared to the males at any
time of the adult 1life and the loss in WW in males is

higher in comparison to females.
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3.2.2 Water Content (WC) and Dry Weight (D)

Variations in WC per WW of larvas, pupae and adults
of either sex have been in Figs. 3, 4 and 5. The WC of
newly laid eggs L3.54, which gradually increases to 50%
in 5th larva reaching the highest level which gradually
decreases to LL4% in the pupal stage (fig. 3). The level
of WC per WW of adult insects of cither sex lms been plotted
in Fig. 4. When taken per insect basis, one day males have
higher WC but subsequently females have a higher WC than
the males (Fig. 4A). Figures 4B, gives percentage of water
per WH in either sex. One day old males have 55.7% water.
As the age adwances from one day onwards, water percentage
shows three conspicuous drops, one on the 3rd day, i.e.,
52.5%, second on the 6th day, i.e., 53.3%, and third on the
10th day, i.e., 52.5% of the WW. After 10th day percentage
of water starts increasing reaching a level of 55.4% on the
13th day. On the other hand, females have lowest water
percentage per WW on 1st day of adult life, i.e. 50.4%
which increases to 52.1% on 3rd day and thereafter it remains
almost constant until 10th day, following which it increases

to 55.0% for the remaining period.

As the dry matter is estimated by subtracting WC
from the total WW, the dry matter shows exactly the opposite

trend as has been shown in Figs. 3 and 5.



3.2.3 Egg laying Rate

The average number of eggs laid per day by 200
females has been plotted in Fig. 6. For the first three
days, the nurber of eggs laid shows a progressive increase
being maximum (3056 eggs) on the 3rd day and thereafter

there is a gradual decline until the last day.

3.2.4 Life Tables

Life tables have been warked out to find out
whether any correlation exists between enzyme activity
and concentration of metabolités on one hand and with the
changing "Force of Mortality" on the other hand. Life
tables have been prepared from the sample population.

The values hmve been deduced to an initial base value of
1000 individuals of either sex for the purpose of calcula-

tions, where

X = age interval
1lx = number of survivors at the start of age

interval x

dx = number dying during age interval x to x+]

gx = rate of mortality during the age interval
x and x+1

€x = mean expectancy of life for organisms alive

at start of age x
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The four di tferemt columns which are the results
of apbove calculations, i.e. 1x, dx, gx and ex, are just
different ways of summarizing one set of data. Thus if
we have any one of the columns, we can calculate the rest.
For calculating 1x, dx, gx and ex, the orizinal number
ot insects of eitler sex were calculated to the initial
base value of 1000 insects of either sex and columns were

1l

made by calculation as
1x + 1 = 1x - dx

where 1x+1 is the nunber of surviving at the start of
age with interval x.

dx
13

ax =

For calculating the expectancy of life (ex) at any
given age, we have to obtain average number of individuals
alive at each age interval which is called life table age

structure (8x);

2x = DNunber of individuals alive on the
average during the age interval x to x+1
o  dE W lx W ]
- 2

Then all these different values of Bx from 1st
day to the last day of adult life are summed cumulatively
from bottom of 1life table and a set of values expressed in

units of individual x time units is obtained (insect days)
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Thus by the above calculacione life tables nave
been constructed (Krebs, 1972). fig.7 gives the nu.ber of
individuals dying dx wnere dx 1s nusber of individuals
dyiag within the age interval x. Fig.38 gives the number
>f individuals (1x) surviving 1x is nwber of individuals
csurviviag to tne age interval x. Fig. 9 gives the death
dx

rates 1000 gx where 100 yx or (i;) is lortality rate with

age interval x. Fig. 10 gives the average exceptzancy of

[

life (e.) where e, 1is average life expectancy at any

The survival curves (Fig.3) obtained are of the
intermediate type (Rockstein and Miquel, 1973) showing that
the death rate is slow in younger population, gradually
increasing during the 3rd quarter of life (between 10-13 days)
as evident fro. Fig. 7 and [inslly death rate again slows
down in the last 2-3 days. Thus the last few survivors
attain a longer life span as cowpared to the average span

pf obher igsects.
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In case of males, a slight increase in number of
deaths/day has been observed between A4th and 5th day, i.e.,
when the egg laying rate is at its peak (Figs. 6 and 7).
The average life expectancy of females is found to be

higher a2t any age (x) as compared to males (Fig. 10).

3.3 DISCUSSION

Changes in the wet weight (WW), dry weight (DW) and
water content (WC) hzave been extensively studied by many
aut hors (Edward, 1958; Warchalowski, 1961; Marek, 1961, 1962;
Gere, 1964; Lang et al., 1965; Church and Robertson, 1966;
Cowrture and Huot, 1967; Ring, 1973; Abasa, 1372; Bleving,
197343 Roonwal and Verma, 1973).

Total WW, Dd and WC have been studied in C. analis
from 24 hour egg stage to 13 day old insects, i.e., during
embryogenesis, post-embryonic and aging periods. The total
WW, which is 0.0000297 mg in 24 hr. egg slightly decreases
at 96 hr egg stage and afterwards it goes on increasing
until 5th larval stage followed by appreciable fall until
pupation (Fig. 1A). After adult emergence WW in either sex
of C. analis goes on decreasing throughout the adult life
(Fig. 2A). From Fig. 2A, it is apparent that WW of females
is always higher than males and the loss of WW for the first

six days in either sex is very high.
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uorresponding to increase or decrease of W during
development and aging, the nurber of individuals/gm WW
also shows some variztions. In fact the number of
individuals/gm W shows indirectly the loss or gain of WW
at any stage during the cycle (rigs. 1B and 28). From
rig. 28, it is evident that the loss of WW during aging

in mzles is much higher compared to females.

The changes in WW of C. analis are understandable
when we look at the life of this animal. In the embryonic
stage, because of intense metabolic activity, slight
decrease in WW is justified as embryonic stage is a closed
system where the embryo depends for its erergy requirements
on the stored materials. After hatching, the larva feeds
voraciously and the larval growth takes place in a geometri-
cal progression obeying "Dyars rule™. As & consequence of
larval growth, the WW also shows a gradual increase in
consonance with the growth of the larval tissue (Agrell and
Lundquist, 1973). The highest WW in the life cycle of

C. analis is geained in the 5th larval stage.

Following pupation, the WW decreases appreciszbly
because pupa is a closed, non-feeding stage, where old
larval skin is shed and all the larval tissue are modified
to form adult tissue. Excessive metabolic activity required

for histolysis and histogenesis explains the loss in WW.

The adults after emergence do not feed and the life



ot the individual is dependent upon the stored food
materizls. This phenomenon was named as "self-destruction"
by Gere (1964). The sole function of the males after
erergence is to look for the females for mating while the
function of the adult females is to lay the fertilized
egegs. Both these processes require gppreciable amount of

energy, hence the loss in WW is incumbent on the individuals.

Similar results were obtained by Marek (1962) on

Tenebrio molitor; Gere (1964) on Lymantria dispar; Cowture

and Hout (1967) on Plodia punctella and Abasa (1972) on

Sarcophaga tibialis during the development. Marek (1961),

Gere (1964), lzng et al. (1965), Abasa (1972), Bleving (19734
have recorded similar observations on the changes in WW
during aging. Recently, Roonwal and Verms (1973) reported

a higher WW and DW in the females of Microtermes obesi,

compared to males. In contrast to the above results, Marek

(1961), reported in Gryllus domesticus, a high WW, W and

WC in males in comparison tc fema les.

The changes in the D& and WC both during development
and aging are given in Figs. 3, 4 and 5. From Fig. 3, it
is observed that M as percentage of WW was maximum in 2L hr
egg stage which gradually goes on decreasing until 5th
larval stage, followed by gradual increase in the pupa.
However, WC as percentage of total Wi shows exactly the

opposite trend of DH. The highest percentage of W recorded
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durin: embryonic stage is understandable as the eggs of
insects have very high yolk content. The decrease in D#
during larval stzge is due to the accumulztion of metabolic
water and loss in transpiration. Chen (1951) has suggested
that there is 2 generzl decrease in metabolic rate follow-
ing the increase in larval growth of insects except at

the tine of moultings when the metabolic rate is higher,
The increase in DW and decrease in percentage of WC of the
total WW in pupa is due toc the loss of water by transpira-
tion following the U-shaped respiratory activity and the

re lease of water and CO, (Agrell 1947 and 1952).

In C. analis, WC remains almost constant throughout
the embryonic development (Fig. 3). Contrary to this
observation, Ludwig and Ramazzotto (1965) recorded a loss
of WC in embryonic development, while McFarlane (1966) and
Moloo (1971) recorded an appreciable increase in WC during
embryogenesis. Marek (1962) recorded an increase in the
WG in the 1st pupal stage of T. molitor and also reported
a constant DW in pupa. Church and Robertson, (1966) noticed

the maximum WW of Drosophila melanogaster in 2nd instar

larva which declined until prepupa. Edward (1958) also
noted variation in WC during growth and moulting. According
to Wigglesworth (1970), changes taking place during‘develop—

ment are under the control of moulting hormone.

During aging, WC as per cent of WW per insect in

females goes in increasing from 1st day to 13th day of adult
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life. On the other hand, males show f'luctuaticns in WC
in mid-life when it is 52.53%, while after emergence and
in the Jast days or adult life, WC is almost 557 (Fig.kB).
From Figs LA, it is evident that WC (mg)/insect is higher
in females in contrast tc males throughout the adult life

except on 1st day when males predomirate over the females.

In contrast to present observations, Wharton et
al. (1965) reported a little change in WC during aging in
Ameri can cockroach when fully fed, but on starvation, WC
goes on increasing with age. As C. analis does not feed
after emergence, it can be well compared to the starving
insects but only in females WC increases with age whereas
mal es actually show a drop in the WC in mid-life. Pearincott

(1960} in Musca and Abasa (1972) in Sacrophoga tibialis,

have noticed a constant WC during aging. On the other hand
Blevins (1973b) found an actual decrease for 1st two days in

Aedes aegypti following which it remains almost constant.

The decrease in the WC in males of C. analis in
mid-1life can be attributed to high transpiration rate
because of high netabolic activity required for mating.
It has also been theorised by Calabrese and Stoffolano

(1974) in Phormia rigina that high respiratory rate after

emergence was due to "Mating Drive". Bursell (1974) gave
similar explanation. In case of Temales, a steady increase

of WC can be gtributed to the accumulation of metabolic
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water. The relatively low WC of C. analis may be due to

the presence of very high fat comtert (Figs. 29 and 30).

D as per cent of the WW is given in Figs. 3 and
5 and it follows an opposite trend to that of WC. Here

the work of Gere (1964) on Lymantriz dispar is of consider-

able significance. ILike C. agnalis, L. dispar also does not
Teed after adult emergence and the animal depends for its
energy needs on stored material by "self destruction". He
reported that loss of WN in males is much higher and WC
after emergence of the adults decreases and it is 56.5%.
He observed that low level of WC was due to the presence
of high stored fat content. Females of L. dispar utilize
fats for egg laying and males to locate and to compul=te

with females. He also reported that 80% of stored fats in

females are transferred to the eggs.

The number of eggs laid/day by C. analis are given
in Fig. 6. From the figure, it is found that the average
nurber of eggs l=id/day by 200 females show a progressive
increase for the first 3 days, being maximum on the 3rd
day after which there is a gradual decline until the last
day of adult life. The results of Raina (1970) are at
vari ance with the present observations as regards the
number of eggs laid/day by C. znalis. Here it would be
worthwhile to mention that Raina (1970) studied the egg

laying rate of C. analis at 30°C and RH 70%, whereas in
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the present study the egg laying rate was studied at

28 + BOC and RH 60 + 10%. In the present work, maximum
egg laying is reached on the 3rd day which corresponds to
maximwum phosphatase activity. The correlation between
egg laying rate and phosphatase activity has been shown
earlier by Dhand and Rastogli (1975). This observation
finds support from the conclusions drawn by Moog (1946)

and Raychaudhri end Butz (19650).

Life table cwves of C. anglis are given in
Figs. 7, 8, 9 and 10. From Aig. 9, it is observed that
number of deaths/day show progressive increase until 8th
day iollowed by & sudden spurt in the number of deaths/day
between 9-13th day of adult 1life of eit her sex followed by
a dudden drop again in the last days of adult life. 1In
case of males, a slight increase in number of deaths/day
is not iced between #-s days. OSurvival curve of C. analis
is given in Fig. & and the curve dbtained is of "Inter-
mediate type" (Hockstein and Miquel, 1973; Krebs, 1972)
which demonstrates that number of deaths/day for the first
few days is less followed by sudden increase in death
nurrber/day which again drops on the last days (Figs. 7 and
8). From tlke figure 8, it is evident that females have
higher longivity than males. It is ,therefore,logical to
presume that animals having "Int ermediate type" of survival

curve die of real senescence and these types of curves can

be employed to correlate the number of deaths/day with
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physiological aging (Rcckstein and Miquel, 1973). Fig.9
shows the death rate/day. From the figure, it is inferred
that the death rate of males is higher than females. Life

expectancy of females is given in Fig. 10. It is observed

that the expected lif'e of females is always higher than

males at any stage of adult life.

e
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ENZY v STUDIES

In this chapter results of acid phosphatase

(X 3.1.3.2), alkaline phosphatase (EC 3..3.1) and

trenalase (EC 3.2.]1.23) have been presented. Enzyme

activities have been studied during embryogenesis

postembryonic development and aging of C. analis. It

has been observed that the acid and alkaline phosphatase
activity shows an increasing trend during embryogenesis
while trehalase activity remains almost constant. During

postembryonic development all the three enzymes show g8

peak activity in the 5th larva. In pupa, the activity
of all the three enzymes falls markedly. Following

adult emergence, phosphatases show two peaks of activity,
one- on 3rd day and the other on 10th day of aduilt P
Trehalase activity shows two peaks of activity in females,

one on 3rd day and the other on 10th day, while ip 8 s

this enzyme gives only one peak i.e. on 10th day . During

course of investigation, it has been observeqd that the
fir st peak of activity coincides with egg laying and

mating while second peak coincides with the maximum death

rate of insectsS.
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'eported in Drosovhilz embryo that acid phosphatase

shows no change dwring embryogenesis while alkaline

phosphz tase apoears a little later and concluded that

2lsalinc phosphatase is concerned with histodifrferen-

tiation and acid phosphatase plays a role both in

synthesis and degradation of yolk. Ashrafi and Fisk

(1961) found the highest acid phosphatase activity in

egg stage of Stomoxys calcitrans.

LA

Rockstein (1956}, while studying biochemica]

changes in males of [Musca domestica, found a steady

decline of acid phosphatase with advancing age and so

‘25 the case with alkaline phosphatase. In the same

insect, Barker and Alexander (1958) reported a maximumnm

activity of alkaline phosphatase in 2-day old larva ang

highest acid phosphatase in egg stage. Activity progre-

ssively decreased until pupation and remained constant

thereafter. Sex specific dif ferences for phosphatgses
were reported by Raychaudhuri and Butz (19658 during

adult life of Tribolium confusum. Lambermont (1960)

recorded a steady decline of acid phosphatase activity

Rousell (1971) reported

in both sexes of Aedes aegypti.
an increase in alkaline phosphatase activity in Musca

automnalis during first week of adult 1life fo 11owed by
Nath and Butler (1971

a steady decline until 4th week.
and 1973) recorded that the acid amd alkaline phospha tase



= { &5 } &=

activity is a i
¥ 18 age dependent in Attagengg megatoma and

concluded that the Enzyie eppears to be related to biol
= ogy

of' the orgzanism.

In a conmprehensive review, Chen (1966) concludedq

that phosprmatase in animal tissue are associated with:
H

(1] dransport of metabolites, (2) metabolism of phospho-

lipide, phosphoprotein, nucleotides and carbohydrates
b

(3) synthesis of protein. According to the author acig

phosphz tase has more general distribution and is involveqd

in such processes as yolk and substrate utilization Whereas
alkaline phosphatase shows stage and tissue Specific roile
indicating its role in differenﬁiation and physiological
function digestion in particular.

Trehalase is one of the most important hydrolytic
enzymes as it brings about the hydrolysis of non-reducing

dissaccharide trehalose which is a major energy reserve in
There are very few reports on the activity of

insects.
trehalase in insects. Alumot et al. (1969) studied trehalase

in adult Apis mellitera and reported its high activity ip

spermathecae. Dahlman (1970) studied age related changes
of trehalase activity in different tissues of Tobacco horn

Burcombe (1972) reported & decrease in trehalage

wWOorIi.
Jenseg and

ge in Drorophila melanogaster.

activity with a
(1973) reported in Musca domestica that trehalase

Buckner
activity is about 20 times higher in adults as compareq g

larva.



Although availzble literature on the activity of

phosphatases and trehalase during embryogenesis, post-

embryonic development and aging is stimulatory, yet more

inforration is called for to draw purposeful conclusions

In this chapter, age related changes of phosphatases

and trehalase have been studied during embryogenesis, post-

embryonic development and aging in Callorobruchus analis,

L.2 ARESULTS OF ENZYiE ACTIVITIES

Phosphatases during development and aging

dpe Bl
The acid and alkaline phosphatase activity during

development and aging is given in Figs. 11, 12, 13, 14,

The enzyme activity here has been expressed in terms of

inorganic phosphorus (Pi) released per individual (develop-

ment 2l stage) during 30 minutes of incubation at 37%.

Acid and Alkaline Phosphatase during Development

hwdsTal
From Figs. 11 and 13, it is observed that acig and

alkaline phosphatase activity reaches its peak in 5th
The acid and alkaline phosphatase activity

larval stage.
is lowest in 24 hr. old €ggs, which increased appreciably

There is 50% increase in acid

in 96 hr. old eggs-
increase in alkaline phosphatase

phosphatase and 75%
ng L4 days of embryonic development,

activity duri



After larval hatching, the acid phosphatase
activity shows 6-7 fold increase in first larval stage,
vhereas alkaline phosphatase shows a concomitant drop.
Thereafter, both the enzymes go on increasing reaching

a peak during 5th larval stage. During pupation, the

enzyme activity declines. The decline being 40% in case
of zacid phosphatase and 70% in case of alkaline phosphatase.
Newly hzatched adults of either sex show a further decline
in alkaline phosphatase, whereas acid phosphatase shows gz

decline in females and an increase in males.

L.2.1.2 Acid and Alkaline Phosphatase during Aging

The results of acid and alkaline phosphatase

activity in either sex is given in Figs. 12, 14. From

Fig. 12, it is observed that the acid phosphatase shows

a peak of activity in both the sexes on 3rd day. In males

the activity is higher than the females until 3rd day angd

declines thereaifter steadily by the 6th day, after that

there is a gradual increase SO as to record a peak on
10th day. However, in females the acid phosphatase activity

is always higher after 3rd day than that of males.

An examination of Fig. 14 indicates an interesting

pattern of alkaline phosphatase activity. It is dbserved

that alkaline phospha tase 18 always at a higher level in

In females the alkaline phosphatase

female s than the males.
increasing until the 3rd day, thereaftep

activity goes ©On
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there is a decline upto 6th day and increases to give

another peak on 1Jth day. After 10th day of adilt life

Che activity decreases sharply on 11th day followed by

2 gradual decrease until 13th day. In the males, however
?

the enzywse chows the characteristic pattern as that of
the female, but always remains at a lower level. Higher

level of enzyme on 3rd day has an interesting correlztion

with the egg laying (Fig. 6).

Ratio of Acid and Alkaline Phosphatase

P
ol e K

L.2.2.1 During Development

~ e

From Fig. 15, it is observed that acid/alkaline
phosphatase ratic goes on increasing from 24 hr. old embryo

to 2nd larval stage when it is 8.2, then it decreases upto

5th larval stage to h4.4. From pupa onward, the acid/alkaline

phosphatase ratio increases UO 10 and continues to rise

after emergence, being 16.2 in 24 hr. female and 25.4 in

24 hr. male.

L.2.2,2 During Aging

From Fig. 16, it is clear that acid and alkaline

phosphatase ratio is always higher in males than females

throughout the adult life.
n case of females the acid and alkaline phosphatase ratio

Here it should be noticed that

i
9-16 tines from 1st day to 13th day while in

varies from



mzles the ratio shows wide fluctuations upto 3th day of
adult life after which it decreases to lowest level
remaining almost constant for the rest of life, where it
In case of male, acid/alkaline

is oetween 10.5-25 times.

ratio is almost 1.5 tiues as compared with females upto

the 10th day ot adult life.

heZed DTrehalase Activity

Trehglase activity has been studied during

development and aging of C. znalis and the results are

given in Figs. 17 and 18.

Treha lease activity during development

Leledal

Distrioution of trehalese activity during embryonic
and post-embryonic development shows an interesting pattern

(Fig. 17) from 24 to 96 hr. egg stages, there is no
apprecizble change, however, after hatching, trehalase shows
a continuous rise reaching its peak at 5th larval instar.
From 5th larva to pupa, there is a considerable decline in
the activity as much as 1/6 of the 5th larval stage.
Following adult emergence from the pupa, there is a sudden

s a x being slightly higher in female.
spurt in either &€ J e

Le2.3.2 ITrehalase activity during aging

[rehala se activity pattern during aging has been
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shown in Fig. 13. It is observed that the activity is

age-related and the changes of the enzyme in females are

more pronounced. In aging males, the enzyme activity goes

on incressing giving a pesk on 10th day and thereafter sz

sudden fall is observed. In females also, there is a

gradual increase. However, two distinct peaks are ob served
b ]

one on the 3rdday and the other on the 10th day, following

which it declires (Fig. 18).

.3 DISCUSSION

S

Acid and Alkaline Phosphatase during Development

ool

Considerable evidence now exists which indicates
o positive forrelation of enzymes with development and aging
Regarding the function of acid and alkaline phosphatase,

though not much is known, it seems that these enzymes have

a significant role to play in the metabolic processes of

the insect development and aging. According to Chen (1966)

alkaline phosphatase plays an important role in various

synthetic processes of cell, whereas acid phosphatase takes

ctive part in the degradation and synthesis of tissue

4n. &
The role of acid and alkaline phosphatase in

proteins.
insect development, especially in relation tomtrition ang

s been well established (Baker and

egg maturation a
1954, Ashrafi and Fisk, 1961, Ludwing et al.,

Alexander,
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1963; Lockshin and Williams, 1965b;
1971 and 1973),

1762; Sridhars and Bhat,

Raychaudhuri and But z, 1965b; Nath and Butler,

The activity pattern of phosphatases during develop-

ent in Callosobruchus analis is given in Figs. 11 ang 413,

It is found that during embryogenesis, acid and alkaline

pPhosphatase activity is lowest in freshly laid eggs which
increases aporeciably by the tiue the embryo is 96 hr o14q.

During this period there is a 50% increase in the activity

of acid phosphatase and 754 increase in alkaline Phosphatasge

activity. Indira (1963) recorded similar ob servations for

algaline phosphatase during embryogenesis. According to

her, this enzyme is concerned with protein synthesis, Keeping

in view the conclusions drawn by Indira (1963) and Chen (1966),
it seems that the increase in activity of phosphatases during
embryogenesis may be attributed to a high rate of breakdown

of stored materials in egg and synthesis of new products
required for the body of embryo. OSridhara and Bhat (1963)
reported in B. mori a gradual increase in the acid phospha-
tase activity during embryogenesis, while alkaline phosphatage

also shows a gradual increase which makes its appearance 2-3

However, Yao (1950) could not find any altera-

days later.
tions in acid phosphatase activity during embryogenesis of

Drorophila.

In the postembryonie developnent, acid phosphatase

increases 6-7 folds in 1st larva, while the alkaline
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Dhospiztase actually shows a slight decresse {Bma. 41

and 13). Thereafter, both the enzymes gradually increase

Attaining & maximum activity in the oth larva. In the

bupa, acid phosphatase declines by 40% while alkaline

Phosphatase shows a drop of 70% when compared with the

Sth larval stage. In all the stages of
in C. analis, acid phosphatase activity is

Upon adult

ACctivity in

development

much higher than alkaline coumterpart.

emergence, the alkaline phosphatase records a further

decrease in 24 hr. old males and females. As for the

acid enzyme, a slight drop of activity was recordeq in
females and a concomitant increase in males during 2, .

after adult emergence. The results of Yoo and Iee (1973)

in Dendrolimus spectabilis are almost identical during

development as in C. analis.
In this connection, it may be poted that Ashrafj
and Fisk (1961), Hedgekar and Smallman (1967), ang Nath

and Butler (1971) reported maximal activity of acig

phosphatase in pupal stage, whereas Barker and Alexender

(1958) reported alkaline phosphatase to be maximal ip -

day old larva of M. domestica. Variations in maxigaj
enzyme activities at certain periods may be of some

significance. Nath and Butler (1973) have generaliseq
that the insects with long larval periods show maximg]
alkaline activity in the last larval instar and thoge

with shorter larval history exhibit the peak of enzyme
Gi



——

L% 5]

L]

Reesi
I

SCEIVITY 1t a much earlier age. However, Drosophila is

which in Spite of
-~ 1 ok el - s . e . .
bri.i larvel history, shows maximal phosphatase activity

Leiure pugstion (Schneideraan et al., 1968)

In the pupa of . usnulie, & charp decline orf

“linline phospastuse has been recorded. However, the

decline in alkzline phosphatase ie much pronounc ed than

the acid enzy.ae. DBarker and Alexander (1953), Sricdhara

and vaszt (1903), and wousell (1971) have also observed g

ge.

decline in 2lxz:line phospihztase in the Pupal sta

Barker and Alexecnder (1953), Ashrafi and Fisi (1961),

Sridhara and Bhatt (1963) and Hedgekar and Sta 11l.uan (1967)

have reported the maintenance of a high titre of aeid

pnocphctace in the pupsl stage vhich remains almost

unchanged.

In C. gnalis, the gradual increasing activity of

alkzaline phosphatase and attainuent of maximun activity
in 5th lerva and its sharp decline in pupal stage has been

As Chen (1900) has concluded thet alkaiine

recorded.
concerned with physiolOgical

s

phosphz tece activity 1
func tion, digestion in particular, it seems that this
enhanc ed alkaline phosphatase activity may be due to the
increaced consumption of food during the larval stage as
the enzyme would be largely required for the digestion

and the transport of metabolites acroes the midgut and
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further synthesis of materials to be stored in the body.

S contention has been furtier strengthened by Ludwig

y» and Nath and

ih3
et al. (1952), Sridhara and Bhat (1963)

Butler (1973). The sharp decrease of alkaline phosphatase

d]-u-iﬂ&- pupal stage may be due to the cessation of fOOd

consumption and histolysis of the digestive tract,

According to Sridhara and Bhat (1963), highest a1 %o v

phospha tase and its predominance over acid phosphatase

in the 4th and 5th larval stage of B. mori is due to the

high alkaline pH in the mid-gut and the absence of alkaline

phosphztase in the pupal stage may be due to histolysis of

the digestive tract. This conclusion of Sridhars and Bhat

(1963) is supported by the present result in pupa.

The increasingly high activity of acid phosphatase
upto 5th larva and the maintenance of relatively high titre

of acid phosphatase in the pupa accompanied by very low

level of alkesline phosphatase is of significance. During

larval stages, the high activity of acid phosphatase may

be involved in the greater transport of mterials from

The pupa represents a closed system in which

the mid-gut.
the larval tissues undergo a transfomation into aguilt

tissue It is reasonable to assume that the acig enzyme
participates in the degradation of larval i ssues accompanied
by the synthesis of new ma terials and dif ferent iation of

adult tissues. This view has been further supporteg by

Sridhara and Bhat (1963) and Nath and Butler (1971),
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4.3.2 Trehalase during development

o

The activity of trehalase have been traced through-

out the veriod of development (Fig. 17). From the £ s
3

it is observed that the enzyme activity durigg embryogenesis

remzins almost unchanged. After larval hatching, the

enzyme activity steadily increases upto 5th larval stage

followed by a decline in the pupal stage. After adult

emergence, there is a sudden increase in trehalase activity

Trehalase is concerned with the hydrolysis of

trehalose to glucose moieties which is utilized for t he

energy needs of the body tissue. The steady increase in

trehalase activity through all the larval stages points

to its utilization in hydrolysing trehalase for the increaseq

energy needs of the larva as it grows in size. The decline

in the enzyme activity in the pupal stage may be attributeq
to the fact that the pupa subsits itself mare on the fats

and to a lesser extent on the carbohydrates (Agrell and

It would be worthwhile to mention here

Iundquést, 1973).
that the total lipid content in the pupa of C. analis

rapidly declines, while carbohydrate level records a Jlow

rate of decline (Chapter 5). In Galliphora erythrocephalQJ

Agrell (1952) has stated that the main fuel during pupal
supplemented by & small amount of carpg-

development is fat
Crompton and Polakis (1969) also could show very

hydrates.
n of labelled glucose in‘ngi;ig during

little utilizatio



imaginal development. Uyatt and Kalf (1957) have also

snown that trehalopse plays a minor role during metaphor-

pPnusis as an encrgy reserve. Thus it is amply clear from

the present observation as well as from those of other
authors mentioned nerein, that larval stages are largely
dependent upon sugars, whereas the pupal stage depends

more on fats and to a lesser extent on carbohydrates,

4.3.3 Phosphatases and Trehalase during aging

The activity pattern of acid and alkaline phosphatase

during aging in C. analis is interesting. Both acid and

alkaline phosphatase show a steady increase of activity ip

both males and females attaining a peak on 3rd day of adult
and 14), then declines upto 6th day and

4
| &

life {(Fige.
thereafter rises to give another peak on the 10th day of
adult life. It is significant to note that after the 3rg
day, acid phosphatase is more pronounced in females as

compared to males (Fig. 12). However, alkaline phosphatase
activity is always at a higher level in females as compareq

High levels of both the enzymes for the first

to males.
three days of adult life appears to be related to their

role in nourishing the sperms in males and egg maturation

and egg laying in females, since the maximum nurber of e ggs

2id on the 3rd day of adult life (Fig. 6). Thig

are 1
observation lends support to Moog's (1946) hypothesis that

acid phosphatase plays an important role in nourishing the
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Eperme. Raychaudhuri end Butz (1965a and b) also sugpesteq

that the sperms produced oy the males at the pezk activity

of zcid enzyme may be rich in acid phosphe tase that Wolld

Perhaps ensure a2 longer 1life of the of feprings. They

i she v fuzgested tnat the eggs produced at the height of
enzyme activity oy the femzles are more viable.

tayenaudnuri and Butz (19650) reported in female

Tribolium confusum, two peaks of acid phosphatase, one inp

the early life and the other in the later life of the

adulte. Therc is, however, only one peask of alkaline

phosphatzse in females soon after emergence. In the males,

the activity of alksline phosphatase remains almost constant

throughout zdult life, whereas acid phosphetase shows ope
In Terebrio moiitor, Ludwig et al.

peak in the early life.
(1962) were able to record only one peak for both acid ang

alkaline phosphatase during early life of the adult insects.

In case of black carpet beetle, Attagenus megatoma (Nath

and Butler, 1973), it has been shown that the alkaline
)

phosphatase increases steadily upon 9th day which is an

contradiction to the observations reported in other species

(Rousell, 1971 ; Naqui and Ashrafi, 1968).
In so far as the 2nd peak of activity is concerned,
two possible explamations could be advanced. First, it -
e of acid enzyue from the lysozomes ibee

be due to the releas



membranee acquire greater permeability prior to death.
Secondly, it is suggested that the spurt of acid enzyme
activity on the 10th day may be associzted with tissue
pbreakdown and metaoboclism of stored food like carbohydrates

Greater transport of metabolites is needed since

Lockshin

and fats.
the insectes do not feed during the adult life,
and Williams (1965a and b) have suggested that in the la st

days of adult lif'e of Antheraea pernyi, cathepsin and acig

phosphatases are released from lysozomes dwe to inc rease
in permeability of their membranes resulting in the increase
of the activity of acid phosphatase as well as cathepsin,

By the activity of both of these enzymes, muscles bresk

down gradually so as to ensure biological death. At t he

same time it has been found that the death rate of the

present insect coincides with high activity of phosphetasesg

(Mipes: 7, By B«
The enzyme, trehalase is of immense importance for,

it hydrolyses trehalose to furnish glucose which is utilized

for energy needs during copulztion and egg laying. Age-

related changes in the trehalase activity of C. analis

have been found to be quite significant. Trehalsse activity

in either sex goes on gradually imcreasing from the day of
adult emergence until 10th day and after that it decreases
suddenly and continues to decline till 13th day. During

the couwrse of study, it has been observed thattrehalzsse
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8ctivity is always higher in females in contrast tg

males (Fig. 18). Secondly, females show a slight increase

in trehalase activity on the 3rd day while males do not

show any apprecizble increase. From Pig. 18, 1% 15 oleap
that femzles show two distinct peaks, whereas males exhibit

only one. The first small increase in activity of trehalase
s significant as it coincides with

in femzles on 3rd day i
This

the maximum number of eggs lzid on this day (Fig. 6).
explains the high energy needs of females for egg laying

activity wnich is met with the glucose released from

hydrolysis of trehalose. In contrast to the Present

observations, Dahlman (1970) reported a declire in trehals se

activity with advancing age of Manduca sexta, tissues sych

as gut, salijvary glands, testis and accessory glands in
males and an increase in the enzyme activity in the Malpighian

tubules and abdominal ganglia. At the same time he was also

able to record sex-specific differences in enzyme activity,

Similarly, Burcombe (1972) also recorded declining trehalase

activity in Drosophila melanogaster with the advancing age,

On the other hand Alumot et al. (1969) reported a high

activity of trehalase in spermatheca of Apis mellifera ang
was unable to record any sex specific differences in the
enzyme activity in the haemolymph of males and females,

Jensen and Buckner (1973) studied both bound and free

trehalase in M. domestica and recorded an enhanced trehalase

activity with advancing age.
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In C. znalis, increasing activity of trehalesse

with advancing age has Eot an interesting correlation

with the death rate. From Figs. 7, 8 and 9, it is S —

that nurber of deaths/day gradually goes on increasing
from first day onwards until it is maXimum between 9-13tp

day of adult life in either sex. Similarly, trehalase

8Ctivity also shows maximum activity in adults on 10th
day in either sex. Thus it seems that as the age advances,
the energy needs of the insects also g0 on increasing so
28 to maintain the physiological integrity as pointed out
by many authors (Tribe, 1966; Strehler, 1962 and Comfart,

1964) that there is a progressive decline of physiologica]

performance with age. It is interesting to note here that
Rockstein and Bhatnagar (1965) have shown a significant

decrease in size and number of mitochondria in aging M.

done stica.
For enhanced activity of trehalase with age in either

three possible explanations could be advancgd. Firstly,

sex,
with increasing age sone inhibitor of trehalzse, which are

present in the body are destroyed or there is a comversiop
of enzyme precursors to active enzyme with advancing age,

Se co Ild J.Y the tissue bO und trEhalase is ]..I].CI easi [lg ly’
2
CEJ. lulal" Organelles’ ]'ast l y, ”

released from the intra-
In the

vo synthesis of enzyme,

can be an increased deno
it seems more convincing that trehalase is

present context,



inCressingly r_leased from tissue-bound trehalase, which

holde good for tissue bound phosphetases as well (Dhand

and rastogi W VP LOlm

From the foregoing account it is evident that the

bhosphntzses as well as trehalase play a significant role

throughout the aging processes. Enhanced activity of
Phosplatases in the early period of adult life is responsible
for the breskdown of stored mterials at a faster rate and
€imultaneous synthesis of rapidly metabolisable products to
meet the increasing demand for copulation, egg mturation
and egg laying. Similarly increased phosphatase during last
days of adult life may lead te consequential breakdown of
recidual stored materials and body tissue, especially muscles
as demonstrated by Lockshin and Williams (1965b), and Butler
and Nath (1972), and resynthesis of trehalose as is evident
from the rising trehalase activity and trehalese as Per cent
of the total sugar in the last days of adult life (Figs, 1g
and 34B). This increased trehalose synthesis is requireq
for the supply of ever increasing energy needs of the ingectg
with advancing age (Tribe, 1966, and Baker and Lloyds, 1970).
Since the number of deaths per day is maximum between 9-13th

d f adult life in either SeX, it is reasonable to Presume
ay of adu

that i ased breakdown of stored materials and tissue causes
at incre

I i ".
l &2y t

bttt
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CHAPTER - 5

STUDY OF Diia, NA, PuOTLIN, LIPIDS TOTAL
&z 2
SUGARS AND PREHAIOSE

ol Aix

Ii'n COUCT ICN

DECXYkTBONUGLEIC ACID (DNA)/INDIVIDUAL BASTS
DNA/GM. Wi BASIS

3 RIBONUCLEIC ACID (RNA)/INDIVIDUAL

L. RNA/GM. Wd BASIS

PROTLIN/INDIVIDUAL

E

-

6 PAQTEINS/UlM. WET WEIGHT

RATIO OF RNA/DWA, PROTEIN/RNA AND PROTETN/pya

RATIO OF DiY WEIGHT/DNA, DRY WETGHT/RNA AND
DRY WEIGHT/PROTEIN

J+24% LIPID3
TOTAL SUGARS

5.2.11 TREHALOSE GONTENT

DISCUSSION
NUC LEIC ACIDS

.3.2 PROTEIN
RATIO OF RNA/DNA, PROTEIN/RNA AND PROTEIN/DN A

5
Hedeld
 RATIO OF DW/DNA, Dd/RNA AND DW/PROTE N

LIPIDS

é
6 TOTAL SUGARS
7 TREHALOSE AS PERGENT OF TOTAL SUGARS



S LU Uf LA, s, PTolil, LIPINS, TOTAL

SUALS AiD PuudALISE

2 Ui dutd

age related changes in DN4, KA, Proteins, lipids,
SUugare and trehalose content of total gugars have beep
Studied during enbryogenesis, postembryonic devel opaent and
in Callogobruchus anazlis (Fab.). DA content/individual

nare 2 gradual increase from 24 hr. embryo to 5th larva,

1

i

then records a slow decline in prepupa, again increases 1%

pupz followed oy a decline until emergence. After emergence,

Di4A/insect shows a slight increase for Tirss 2-3 days followeq
by a decline with age. RNA/individual follows exactly the

same course during larval developuent and shows g constant

decline until emergence of adults. After emergence, RNA/insect

in females declines, although in males a slight incresse is

for first 2-3 days followed by a continuoyg decline,

observed,
Protein content per individual follows the same trepg during

i BHCE, ¥4 i :
larval development qntll emerge After energence, proteins

Aouli . .
also decline in either sex with advancing age, althougn ip

fenales a slight increase is observed for first 2-3 days. At

the same time, ratios of RNA/DiiA, Protei n/Rij, Protein/mi,

as well as Dry weight/DilA, Dry weight/RNA ang Dry Weiéht/PFOEGin



ove 210 been calculated duaring developrent and aging
£ .

T e Bt A Wi o _— '
it 1g fur.ecced tnat DNA, mNA and protein synthesis 3« most
oL N

A¢vive dirirg emoryonic developnrent, subsequent to that

ne =0 . e
the Vsyntineeis potential" decreases. Lipids have been

G=tiaved ce percentage of the dry weight as well as wet
velznt durirg developrment and aging, and at the came time
lipid/irsect in either sex has also been studied. It jis

ovserved thzt lipid as percentage/wet weight and dry weight

declines durirg embryogenesis folloved by a constant increase

from pupa onwarde lipids declines in either

until prepupa.
Lipid content of females

sex until 10th day of adult life.
is higher than males. On 11th day lipid content almost
increases 1.5 tines of' that found on 10th day in either Sex

[ollowed by a declire until 13th day. This suggests that
lipids are used up during embryogenesis amd stored dur ing
larval development. During pupation and adult life, lipig
forme the most important source of energy. Total sugars
also show a constant increase until 5th larva followed by

Sugars as percent

a decline until 13th day of adult 1life,
Trehalose hasg been

of wet weight have also been studied.
studied as percent of total wet weight, and percent of total

sugars during development and aging. During aging it phas
ha t trehalose percent of total Sugar shows g

been observed T
& o #ir st . days followed by a cons tant increase

declin .

with age in either S€X. All these above parameter have been

diccﬁssed in relation to developmental stages, aging, S
ate and mating &s well as with life tables,

laying T
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5.1  INIrRODUSTICH

It is a well-known fact that embryogenesis, post
Sy I "

emoryonic development and aging is followed Dy many
Divchemical changes at cellular, suocellular and moleculs r
levels, 1In Chapters III and IV, an account of the changes
in water content, wet weight, dry weight and enzyme activity
has been considered in relation to egg laying and life
tables during develobment and aging. Besides these, changes

in gross content of total sugars, trehalose content of total

sugars, total lipid, total protein, RNA and DNA have also

been studied during developmert and aging of C. analis.

It las been suggested that morphogenesis and aging

are under the control of hormones which bring about pro foung

changes in the total body composition and initiate trans-

formtion of larva to pupa leading to adult stage (Gilbert,

1964 ; Wigglesworth, 1954, 1964, 1970; Rockstein et al. 1971,

Rockstein and Migquel, 1973).
w studies on the total

There have been quite & fe
f insects with an objective to study the

body composition ©
hormonal control of differentiation ang

protein synthesis,
It may not be necessary to review the

genetic changes.
xtensive reviews on the subject

terature here since €

entire 1i
(1962 & 1966}, Gilbsrt (1967), Wyatt

have been done bY Chen

17 and Lundquist (1973) and Rocksten and Miquel(1973),

(1967), Agre



Leng et al. (1965) found that during growth total

vody weigmt, total DNA, nNA and protein increase while

during aging total DitA and protein as well as RNA/DNA

ratio remain constant. [urther, they concluded that

physiclogical aging in the mosquito Aedes aegypti is not

accompanied by signiticant drop in protein synthesis.

Bilaze and Haranghy (1965) reported in Drosophila melanogaster
thet there ic an increase of DNA and RNA content in females,

and increase of DNA content of the male during the first

days of imeginal life, following which DNA content remained
cone tant with advancing age. Krueger and Ballard (1965)
A content of heart and associated tissue of

determined D
x and reported that DNA

adult Musca domestica of either se

stant with age. Krishnakumaran and

content remains con
(1964) found that there is no DNA synthesis

Schneiderman

in adult Cecropia and

ois occurs at a Vvery reduced rate. Recently, Ring

otein and nucleic acids throughout

other saturniid moths while RNA

synthe

(1973) has studied D, pr
lia sericata and reported that during normal

the life of Lucilid

devel opme 1t protein/Dé flu
reas in adults protein levels remain

ctuates markedly during larval and

pupal stages whe

ely high during sei
h decreases through larval stages and adult

escence. RNA/DW ratio was highest

relativ
in Ist larva whic

pNA/DW is al hi
RNA/DNA ratio is highest during

ease prior tO pupation and adult

life (,QZ‘CCQPt
ghest in early larva and then
emergence.

decreases until death.
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emoryogenesis showing highest rate of synthetic activity

and decresace in adult life of both the sexes,

aAccording to Clarke and Maynard-Smith (1966) there

increased protein synthesis rate with 3ge in D. subobscurs
— ——-———.-.-,_,-,h-____.-

On the contrary Levenvook and Krishma (1971) in Phormia
———————

reging, Baumann and Chen (1903) in D. melanogaster, Bleven

(19733) in Aedes 2egypti and Baumann (1969) in B melanogaster

n=ve Ibund decreasing capacity for protein synthesis with

advancing age.
ILipids, especially neutral lipid, are important

source of energy during .etamorphosis and aging ( Gi Lmour,

1961; Gilbert, 1967). lipid metabolism during development
and aging of inscct have been reviewed by Gilbert (1967)

and according to him sexual dimorphism in lipid content

which exists in adult, pupa and even larva are under the

There are a number of factors which

genetic control.
influence the lipid content such as stages of development

nebrition, environmental temperature, sex, starvation,
diapause, and cold nardiness (Scoggin and Tauber, 1950),
b

Ishii (1955) recorded 33.2% lipids of the W§ in
hus chinensis. Rao and Agarwal

mature larva of Callosobruc
1lipid in Trogoderma granarium and

(1970) hsve studied
observed that lipids increase until 6th larva and decrease
pid content in adults is the lowest,

rapidly in pupa and 11



STEY g ) e A s ey 5 y
ek =Bl Gerere (19.0) resgbed an increzsed

I GEeLs Wi g 14 x 2 -~ 3
Cuinl-ti:n of lipids and sugars during developie nt

LOLt are usilized at a higher rate during pupation ang

adult lide 5% Lusca gu.esticsa.

and Schneiderman (1961) recorded in

cecropi~ that durirg embryogenesis 509 of £he

I3 T

lipic iaterial is utilized, while lipide during larval

sTowtn increcse until 5th Iorva due to rapid synthesis

crnite in pupa are eitier duc to

.

e incresced lipid cous

S/ntnesie, logse of water or release of lipids from
liporzsvein. Lower lipid content in the adult femzles is
dig vo the fact that lipids are transierred to egg yolk
and she does very little ilyinz. On the other hand, high
lipid content of wmale is due to the fact that males have
to do a lot of flyine to find a virgin female, Gere(1954),
who recorded almost 554 lipid of the D& in adult of

Lymantria dispar, observed that lipid¢continuously decreace

with age and 30% of lipid in female are transferred to egg

Yalk.
the metabolism of total sugars and

Regarding
of total sugar, Wyatt (1967) s revieweg

trehalose content

the metabolism of trehalose in insects. According to
I cl il

Friednan (1967) putrieu and Gourdeux (1974), trehalose

regmna ) &

under the control of hormones, whereas, Egorovs

content 18
Saito (1963) end Jungaris and Wyatt (1972)

and Smolin {1962),



homeostatic rechaniem to

nLineszin wick there i a
Wa du'an & gregl vie vlsod nrecialose Ievel in hzemolymph

—gorova and Snolin (190Z) obrerved in Anthercae
B lhae

.

pern;i tnat trehalose ac ver cent of wet weight goes on

lncrescir: until 5th larva. In pupa and adult it declings

Liuv cnd Ffeng (1905) recorded in Leucaria separata that

trehzloce ircreaces till mature larva which decreases in

Blsod level of trehalose is higher in females., The

oups,
to 946 of the total sugar. Nettles

“— ) - a i -~
cirins lose 1orms BU0sD

et al. (1¢71) in Antnonomous grandis and Foreau (1969) in

cica repurted that trehalose increases until

Pierie oras
Accerding

it declines until death.

mature larvsz and then
(1971 ), trehalose is utilized at g

to Dutrieu and Gourdoux
her rate in adults of Penebrio molitor than glycogen.

hig
der to study the synthesis and utilization of

In or
trehalose content of

al sugar,

di fiferent metabollites, t ot
RAVA and DNA have been estimated

total sugar, lipid, protein,
3th day 0old adults of Callosobruchus analis.

from 24 hr eggs to 1

5.2 RESULLS
(DNA)/Individual Basis

ribonucleic Acid
ribonucled

2.2.1 Deo
) :n the total DNA content duri
t: Changes 1n "
Developmel: ;
@ and aging are given in Figs. 19A and 20A. From
developme n 24 and 96 hr old embryos,

Fig., 194, it is observed that 1
J. ’ | . | |

£ DHA present is very low (0.093 to 0.096 1g/individual)
the amoumnt O .



] “Utenlng, it imcreaces almost 23 times in the 1st

e DNA content goes

Hialon, 4 | tta e, Folloving 1st LEPYE, %

O Ehreseirs entll e attains 2 maximum value in the 5ty

lorval teapge. In the repups, there is a decline in the

Agirp: After adult €mrgence, the total Dy

Present in coth the sexes declines to almost half of that
precent in the pupe (rig. 20A). In the aging males ang
Femzles, the total DNA/incect has been found to rise until

Jrd day, followed by a decrease until the 13th day with

little fluctuations ir the intervening period.

DNA/em Wi Basis

£y
L Y

Development: When total DNA is considered per gm
Fig.TQB),

tiessue, it is found to be highest in 96 hr embryo (
L )
Then it

AT T
Eﬂ&ﬂ

followed by a gradual decrease until 4th larva.

again startes increasing until the pupa.

) 1d adults, DNA/gm WW’is'lowest in
Aging: In 24 hr o

both the sexes (Fig. 20B) which goes on increasing elowiy
It is significant to observe

until 13th day of adult life.
that les have a higher DNA/gm VW% as compared to females
|\t ma 2

at any stage of adult life.

I

~ A

i ] ndividual
2.3 Ribonucleic Acid (RNA)/TIn

. The amount of RNA/individual shows
Devel opment :
1ight increase from 24 hr old to 96 hr old embryo(Fig,21p).
a slig
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L, . Y WP y I T
ALCET A~tehin:, the HWA/individual ESes on incre:ring

fl""\ T i ~ ~ A, LS i - .
am o i1st J_:__ ™"vSLo 2 bh lr.‘- I"Vq, fb llo‘,r_.'l né 1;.;11 iCh the ValuQ x

BEel 4 e Conegiderzoly until emrgence of adult,

aiing: During aging the RNA/insect in males goeg
on declining upto 7th day beyond which it remains almest
consiant (fig. 224). However, in females the pattern is
dir'erent. Here the alvA/insect increases L1ll the 3rg day,
thereater it declines until 9th day, following which it

remains constznt for the rest of life,

S.24h ANA/Egm ¥4 Tissue

Development: When ANA is taken/gm Wi tissue, it jg

in 96 hr embryo, which goes on decreasing untij

highest
followed by & slight increase in pupa (Fig. 21B),

pPrepups

Aging: After adult emergence, there is an abpreciable

RN A content/ém WW in males and females (Fig. 2] ap

fall in
Then RNA content goes in increasing unti]

2l hr adult stage.
13th day of adult life in males while females show a gradua]

increase until 8th day, followed by & slight decrease op 9th
and 10th day. After 10th day, it however, again increases

upto 13th day.

5.2.5 Protein/Individual
From Fig. 23A, 1t is observed that the

Development :
amount of total proteins go on ircreasing from 24 hr embryonic

stage until 5S5th larva, where the proteins are maximum, Fpop



-
Stk loves amrerds he 1 i
larva onvwards, the protein contert declires ang

centinucus to De =0 beyond emergence. This is due to

LEi 13 zees et .
tilizavion or stored proteins as Teeding does not tale
= S

blece z1ter 5th larval stage.

Aging: After adult eumergence, protein contert per

adult wet weight rurther decreases in either sex (Fig 244)

Totel proteins continue to fall in both the m2les and fepma]
es

until 13th day of adult life.

2+2.6 Proteins/gm Vet Weight
When considered on gram wet welght basis (Figs. 238

and Z248), the total protein shows an increase from one day
On adult emergence, it‘further

0ld embryo to pupal stage.
cshoye an increazse in both the sexes until the adults are

13 day old.

5.2.7 Ratio of RNA/DNA, Protein/RNA and Protein/DNA

To have an overall picture of protein synthesis

during the life cycle of C. analis, the RNA/DNA, Protein/mng

and Protein/DNA ratios have been calculated.

RNA/DNA Ratio
96 hr embryos, when it i

ANA/DNA ratio is highest in the
After

decreasing until 2nd larva,

11,5, which goes on



~8 4 7B ] pw

T 2 elizht increase in 5rd larva, the ratio gradual ly

€L 80 440 in pupal stage.

A 1055 Following elBrgence, it furthep decreases
B8 175 and 1,59 44 <4 r .aales and females (P e, 260) ang

b the tive the adulbs wwe 13 day old,

it decreases tg 1.48
arm .48 4%

nales and females respectively,
Thue it i olesr that 204 Synthesis is most active

in the embryonic developmemt which goes on decreasing ag

bhe Iarval development procecds.

Protein[@ﬁg_ﬁatio

Development: from Fig. 25B, it is observeq t hat

Protein/RNA ratio is least in 96 hr embryo (0,90)

and goes
on increasing until pupal stage (11.1).
Aging: After adult emergence the ratio inc reases

to 20,0 in males and 25.0 in females (Fig. 26B), ang thereaftep
1t decreases and remains almost constant throughout the aging

Process.

From the protein/RNA ratio study, it is clear that

protein synthesis is actively carried on in the development
stages A higher protein/RNA ratio in the adults is indicatiVe

of a low rate of protein synthesis.

Protein/DNA Ratio

It is well known that the amount of DN per g3 in



ls constant (Davidson, 1969). In the R

rease in D¥A/larva upto 5th larval stage is g
L
el ar ineraaze in the nuwivear o cgl Is CoOnsequent upon

Jut decrease of DNA in bupa and aduig of

Jcesses. Thig

igs. 250

re igadicative of histolytic pr

ig Corrobsrated by protein/DNA ratio as well (I

and 264).
atio is lowest at 24 hp

Development: Protein/DNA r

(0.91) emoryo and ges on increasing until prepupa (51,9)
SUiresting active protein synthesis. After Prepupz it
declines in pupa to 43.4 (Fig. 25C).

After emergence, it further declines to

Aging.
Following

35.3 in mzles and 34.0 in females (Figs. 264) .
this, protein/DNA ratio shows wide fluctuations upto 5th
5, ;

day of adult life and ultimetely decreases to lowest ratiog

of 30.5 in male and 31.0 in female on 13th day,

5.2.3 KRatio of Dry Weight/DA, Dry Weight /R and

Dry Weight/Protein.
The information on the D/DNA, DW/RNA and Di/

Protein

rati os are important since these give us an idea of tpe
DNA, RNA and protein synthesis much clearly, because of the
I
?
due to water metabo 14
£ tage may vary i,
tact that WW at any S .
but D4 is zlmost constamt.
i Z 1t is Observed t!
; : .  Froan Fig. 274, i Ty
DW/DNA ratio:
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Dld/ .'Ji A T aadady k9T ] /u..oT 111 ::.1{— hI‘ Old ej;j:,S T..'_h__._cn_ declmeaSes

Lo 137.3 in 48t Inrvs followed by a gradual increase to

In the 5th larval Stage, it again

wad | ol 431 0l a8

sth larva.,

deervaces £3 RJ2. 4. laxiaua ratio is dbserved at tne

Yropupsl etuge (244,0) ang theresfter it declines. Aftep

ACrEENCe tle ratio goes on deeressing in edthep e

From Fig. 27B, it is observed thag

19.7 in 24 hr embryo whieh decreases to 155
101y 0 and after larval hatching, it goes on

until pudation. TImmediately aftepy

ence (Fig. 24B) from pupa, the ratis suddenly

to 111.2 and 133.1 in male and female\re59@ctiv@ly’

but with advancing age, it gradually decreases in male: whi Je

in female the pattem is irregular.
Di/Protein ratio: DN/Protein ratio is maximum in
i 2

R4 hr embryo (eggs) (Fig. 27C), after which it follows 4
The ratio once again

gradual decline until pupation.
I s when adult emergence takes place, but aftep this
1ncreases wi 7

the deecline is constant but slow throughout the aging adults
eclin

(Fig., 280).

5.2.9 Lipids

he lipids signify the stored food material ip o
i ipi g

Yl
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SR8 capulsti on, Changes in the Lipid CoOMt ent are Siven
Sl

o "
SO~ e S

fhe

o in Rigs, 29 and 30,

)
e
£
[y
(0]
(O
U
o
[
b
=
L

Lipile as Jie_rceglt_ja;:ef_".'ﬁ‘_l_: From Fig, 22, 1% 1s
RG] Ham g lipid per zm Wi is 1Fuldia im 23, emOIYo which
S00vs a gli_-ht decrease at 96 hr enbry onic stage. Aftep
1ipdd Percentage/ W goes on incr‘easing until i
PRdeses 33.24 of the "W 4in prepupa followed by g T v——
to 26.0,5 in pupal stage.

Fodllyyise Sdult ewiergence, lipid percentage /i1y

decresses to 15.9, in male and 15.04 in female at Bl B

Stage (Fig. 30B). This further decreases to b T4 S35 L. 9%
oL WM in male ond female when insects are 190 day old,
Interestingly, on T1th day, lipid per cent increases to

7«kj and 7.3;4 in both the sexes. However, 11th day 1ipig

5,

4 . z 9 4
#age aguin decreases rapidly to 3.7 and 5.2 of male;and

femzle untiil 13th day.

Lipids as percentage of D&: When lipigs are taken

28 percentage of Dw, it is found that lipid forp 35.5% of
the Di at 24 hr embryonic stage (Fig. 29) which decreages
to 29.3% in 1st larval stage. OSubsequently, the 1ipid

: increasing and reaches a 18 X1 mum o f
Percentage/Dl goes on inc

59.0% in prepupa. In pupa, 1t shows a decline to 50. 4%
. 70 .

of Dw.

After adult emergence, lipid percentage/py decreasesg

to 35.59% and 41.79% of DW at 24 hr stage (Fig. 300) ,p4
L] 2
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E.E.E}_"’-\i_‘f:-v‘ 2 ST EE o g s 'y =R =,
= o degr@isgs rapidly o 1d.5,0 and 10,434 in mzle

eciively oy 12%h day of zdult life. On

risss to 15.20 and 17.1,6 in msle and female
*olioved oy Jeeresce to 9.325 and 13.154 on 13th day of

Aduit life ia nxles znd fTemzles.

o

5« 3JA, Sives the lipid content per 74 of T
ales froa one duy to 13tn day of adult life.

s

and fe . Here
BELIM,
Sane patoern 25 observed in Figs. 30B and 300.

that the total 1lipid percent and their utilization in females

the variation in the amount of lipid follows the
It iz ObViQuS

is alwaye higaer thon nales (Figs. 304, B and C).

2210 Tetzl BlUrars

s -] sucare meve been estimated during the 1ife
= e <

cvele of C. z2nalis, and the results are pgresented in Figs.

31 and 33.
From Fig. 314, it is observed tiat total sugars
are lowest in 24 hr eggs and subsequently reaches the highest
Then the total sugars fal]

value of 172 pg in 5th larva.
aporeciably to 1]/0 g in pudba.

After emergence, sugar ctontc:'nt per insect WW further
decreases to 103 ug and 97 13 in females and (Fig. 334), The
sugar content as coumpared to

females always have higher
The total Sugars/i‘uw of adult insect goes on decreasing
L

males.
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¥ SEES et g & .0 day whan i is 35‘2 ne

B V3.2 e il’lFe:l]&lGS and males. But hers. g
o < i Ut .ere, decrease in
COt £1x days in mules ie mueh “2e pronounc ed

~ o
— e Al .
L—J‘LA‘\_«J'. s - i

= ER T cant::nt/';‘m i tissuwe is taiken (F‘ig.}?B),
1t is observed t.mt totsl SUNEAR) om we Listuy fe hizhest in
P8 b 5 BEvs snen 18 is 23.75 mZ, which decreases to 15,75
mg/_-;.rn it 13 Lhe pupa. After emergence { Big, ad ], sugar
1g/gm Wi in females

Values gupuin ircresse to T7.30 and 17.3% »

1ollowed by a sharp decline in males ang a gradual
£

in fewales to 9.5 and 7.1 mg/gm W on 13th day of

rotal sugars when considered as per cent WW, show

imuwa velue of 2.424 in 1st larva, followed by g decrease

the percentage

8 hsx
After erergence,
« 717

0 1.6, 411 pupa (#Mg. 32B].
ig. 33B) slightly increases to 1.695 and 1

af sugar/ii (¥i
Then the decline is gradual

in 24 hr old femzles and males.
until 13th day in both the sexes. It IS apparent frop Fig.334

that the sugar consumption in males for first six days js

higher as compared to females.

Trehalose Content

SaBa11
Trehalose has been esti.ated as per cent of total

Trehalose percentage per totg] sugar

sugars as well as Wli.
i .
is highest at 96 hour embryo stage (72.4js) which decreases

to 45.9} in prepupa (Fig. 324). In the pupa there ig 4 slight



irmreses & 50,6 iLfner ¢ .Berzence,trehalose Jercent nge
LAeTeasYE B Fo.de o 7120 in 24 hour old female ang
Gg. 348) and subsequent 1y in fenmales
1% £nows z decresse uptd 3rd day. After 3rd d&y ., thea
JOTRELLL Te 4 jsla ghowe o rise reaching 95.3% s5n the 9th
oy and rs i uwins almost constant tiereafter. 1In males,
Aovever, besides a slight increase initially upto 2nd day,
the trehnloze gercemtage falls on 3rd day and ultimtely
goes on increasing until 9th day reaching a maxdmum of

93.75. After 9th day there is no appreciable change.

I'rehalose as per cent Wl: When trehalose is

estimted as percentage of total WW (Figs. 32C and 34A), it
1s observed that trehalose percentage is highest in 94 hp
embryo when it is 1.73, which decreases appreciably to
0.3% of wWwW in pupal stage. After emergence, trehalose
percent age again increases to 1.23% and 1.22% in females

Wy o

and males respectively (Fig. 34A). In case of females, it

further decreases to 0.996% on 3rd day followed by a slight
increase to 1.1634 on 10th day and beyond that it again
starts decreasing until it reaches 0.946% on the 13th day.
Simultaneously, in males trehalose percentage of Wy decreases
to 0.7774 upto 6th day and after showing slight increase op
decreases to a minimum of 0.650%.

7th to 10th day,

5.3 DISCUSSION
The developing organism represents a dynamic systenm

und ergoing physiological and biochemical changes ag morpho -
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net o s . % .
€nccls proc.cde. During the cowse of developmant
3

-

(tn

Sro-ound cnanges in the gross contem of body nmetabolites

take place in relation to development and zging. Thase

re mutu.lly controlled by hormonal, genetic

The growth

pPrycesces z
nd physical factors (Heview by Gilbert, 1964).

of an inscct can be followed on a nuber of factors such

ag physical, physiological end biochemical. Quite 3 few

suthors have studied the growth in relation to DNA, RNA
3
protein content (Lang et al., 1905; Church and Robertson
3
1956; Balazs and Haranghy, 1965; Krishnakumran and Schre iderman
3

In the present work zan attempt has

196L; Ring, 1973, etc.).
been made to explain the biochemical changes in relation to

embryonic, postembryonic development and aging in C. analis
by taking DNA, RNA, protein, lipids, total sugars and

trehalose contemt of total sugars as tie parameters.

5.3.1 Nucleic Acid

According to Lang et al. (1965), RNA content is an

n synthesis capacity and DNA content is an

index of protei
index of cell number, and RNA/DNA ratio is an index of

s capacity of the cell. From Figs. 194 il

protein synthesi
214, it is observed that DNA and RNA are synthesized during
embryogenesis as evidenced by its increase from 24 hr to

96 hr embryo stage. Similar synthesis and increase of DNA
during embryogenesis is recorded by Devi.et al. (1963) in
Lockshin (1966} in beetle eggs; Harris

Triboliwn GConfusum;




est (1267) in Oncopelsus €£gs and Pzinter ang

il are (1957), in housefly ©8zs. The increased RNa

SYNGeELS v ve Leen reparted by Lockshin (1905), Harris
THL Purveru (1992): T the increased DNA and Rya N
ju;ﬁlﬂg E:.Jbl"y._)genesis ObViOUSly Sh:)-ws an il’lCI‘ease in the

Nuber 2 cells as develop:ent proceeds.

r the larval hatching, DNA and RNA go on

Afte
increasing until 5th larva. This shows that DNA ang RNA
dre increasingly synthesized as the srval development
pProceeds and follow the increase in wet weight of larva,
Tauns, if clearly demonstrates that as the development Proceeds

the nuiber of cells/larva also go on inmcreasing.
ent in many Species

According

to Agrell (19064), the increase in DiVA cont

doesnot show increase in cell nuuber, but as the cel] size
increases, nucleus also shows polyploidy, hence the increase

in DNA. Similar trend of DNA and RNA increase during develop-
ment has been reported by many authors (lang et al., 1965;

Blevins, 1972 and 1973b; Ring, 1973).

Of all the stages of development, changes in the pyu

and RNA content during metamorphosis are spectacular, The

decrease of DNA during prepupa may coincide with the losg of

larval skin and the breakdown of some of the larval tisgye

leading to the decrease of DNA. The increased DNA during

pupa may reflect the new synthesis of DNA for the formation
a

required for the adult body. The rapig decline

of new tissues
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Dhd Iro. pupa to adult GuerIBc e ceens t0 be due to

T e o 54 ot e 1
SVES e Phgin ] FALE, ndmitine Flotd gng the loss of vet

Vel bt by pups. Bleving[1972) has also given similar
explan=~tion in A. aerypti. On the other hand, 2NA
content /individual gradualédecreases from 5th lzrva
until e.ecrgcence. The decreasing RNA contemnt during
fietzrorpnoslis is related to the loss of wet weight, pupal
cxin =nd moulting fluid and this also indicates that RNA
ls syntiecized at & lower rate. According to Agalykov
et al. (1972), nucleic acid content during metamorphosis

depends upon histolysis and histogenesis,

There are a nuuber of conflicting reports on the
DNA and fNA content during uwetamorphosis. The results
obtzined oy Blevins(197¢ and 1973b) in A. aegypti and
Price (1965) in Gallipora nave shown results similar to
the present work. On the other hand, Devi et al (1963} ip

Iribolium, ILzng et al. (1965) in Aedes and Takahashi (1966)

in Philosamia and Yasuo and Tojo (1972) in B. mori heve

reported a little change in nucleic acid content during

metamorphosis.

After adult emergence, a slight increase of Dyp
cont ent in either sex until 3rd day is significant as the
maximum number of eggs are also laid during this period.
Thus it seems that slight increase of DNA for first 3 day's

may have a correlation with egg laying and sperm production,



Un tne other nand, oA content shows 1 slight imerease
igh rea

Bnti L Jrd day in males followed oy a constant decreace

13th dey, whereas in females RilA content constant ly

[

unez
«0€s on decreasing with cdvancing age. Thus it seems that
in the veginning, .wales show a slight irncreased synthesis
Oof WkA. Siuilar to these results, Bzlazs ard Haranghy

(1965) in D. .nelanogaster and Blevins (1972) in A. cegypti

have also reported a slight imcrease in DNA in the first

0

\

Yew duzyes wnich afterwards remaine almost constant with
2dvancing 2ge. Iang et al. (19065); Krueger and Ballard

~

(1965) hsve reported a
Krichnakumaran and Schneiderman (1964) have also observed

no synthesis of DNA with age in Cecropis and in other
dccording to Davidson (1969), DNA content/

constant DNA with advancing age,

Saturniid mothe.
So the slight decrease of DNA after 3rg

cell is constant.
day may be due to slight decrease of cell nwber with age.

When DNA/em WW is taken, it is observed that relative
DNA content/gm tissue of 66 hr embryo is very high. After
larval emergence the decreasing trend until 4th larva suggests
that synthesis of DNA upto 4Lth larva is not following the

The relative increase in DNA content /

increase of wet weight.
gm from 5th larva to pupa may be reflecting the rapid synthesis

5th larva, while the increasing trend during

of DNA during
ase of wet weight of individuals.

pupa may be due to the decre
The rapid fall of DNA/gm wet weight from pupa to emergence
may be due to loss of pupal skin. After the emergence of



2L DeA 1% either Sex from
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A LG s TR B e e TR
LCEy Tiis ILACY2aliar trond

sy 18 probably due to increase in

BaE 5. 4 weanp sap, T PO
- Y- Lisectg/om L. Or the decresse = B veizht /inee i
813 nsect

ol.allorly the .JA comcent/cm wi is hichesty at
9u A e e 'rI he £l an o s = " i

wa € willen ducressges until pripups, Tollowed by
& eli_aw i.creace duriag PUps out again 1z:lls unti]
el _ence. Alter sdult Blargencs, i content/gnlﬁﬁ also
HEBE O Lwrensiog. Tous, Irod fHis 4% s evident that
liie DA, :#dnA eynt.stic rate is aiznest during enbryOgenesis
whlch cornse .uently decreases unvil caergence except a slisht

sLlg

r:te of syntaesis duriag pupa. The same explang-

& & ' L LI s 'I. e
tion .y fdld _ood for increase in A/ gim vet weight during

. 18y oy DEA.

3+3+2 Protein
Frowi Fig. 234; 1t ds observed that protein synthesis
during erbryonic and larval development follows a trend
The rate of protein

simiiar to DNA and HNA synthesis.
syntnesis goes on increasing until 5th larva. The small
decrease of protein from pupation to emergence may be
related to a sharp decrease in the wet weigsht of indiViduals,
ative protein level is very high. The rapig

although the rel
protein synthesis during e-abryogenesis aas been

rate of
any authors (Lockshin, 1900; and Harris and Forrest
7 b

reported by ux
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1707, . The recsulte obtuined by Bleviny (1573b) ang Chen

nd wevenoook (1900) for protein syntheei s during post

€a0ryonic development are similar to the present work

After the adult emergence, protein content of
ferales ie higher vhan the males at any stage (Fig. zu4).
After ciergence females show-a slight ircrease of protein
COrtent for the tfirst 2-3 days followed by a constant

decreace until 13th day, while males from the day of
Smergence show a decreasing tendency.

Thus the decrease of protein content during

metamorphosis and aging suggests that metamorphosis and

aging are accompanied by a decrease in protein synthesis
Potentiz]l in either sex. The higher protein content of

females during adult life suggests their ability to
The slight increase

Synthesize and retain more protein.

of protein for first 2-3 days in females may be having
This conclusion gets support

Some relation to egg laying.

from the results of Blevins(1973b).
Clarke and Maynard-Smith (1966) have reported in

D. subobescura that protein synthesis increases with age.

On the contrary, Baumann and Chen (1963) in D. melanogaster,

Baumann (1969) in D. melanogaster and Levenbook and Krishna

(1971 ) in Phormia regina have reported decreased potential
While Maynard-Smith et al.

to protein synthesis with age.
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gubobscurz a rapid decline ip

(1973) have reported in D.

proteir cynthecis activity for the first fey days after

SR grge and therczfter remaining constant with age

when protein is taken on Per gram wet weight bacis
~ y.,,

it is obeerved that protein content/gm wet weight is lowest

irn the 24 ar e.bryo which gradual ly ges on increasing

until death. Thus keeping in view the results af protein/
individual, it seems that protein synthesis is going on

untii Sti pup. 2fter which the protein synthesis potentig]

dee¢lines. Although during pupal life and aging there isg
ve loss in wet weight of individuals, the protein

~d

Eilcessl
conternt remains relatively high and does not show sizable

fluctuations.

Ratio of ANA/DNA, Protein/fliA and Protein/DNA

5‘3.3
RiA/DNA: According to Lang et al. (1965), RNA/DNA

ratio shows the capacity of organisms for the protein

In the present case RNA/DNA ratio is maximum

Syntneesis.
at 9o hour embryonic stage which continuously falls until

emergence (Fig. 25A). After the adult emergence RNA/DNA
ratio ie almost constant (Fig. 26C). Thus from the ratio

it may be concluded that the protein synthesis potential

of the 96 hr embryo is the highest and the capacity of

protein synthesis goes on decreasing as growth proceeds.
g

In the adult insects the ratio is almost constant showing

that protein synthesis is almost nil or il there is'slight



Snothat is being balanced by protein

deiridaci.n. Thic obeervation is supported by the protein
ige. 23 and 24). The reculte of

conteng /irdividual (i

& (1973) on Lueilis sericata for the REA/DNA ratio are

oL
-3

tne uresent observations. The results of

olevins (1973b} in A. 2egypti are also partly supported
lnce ne repirted a rise of AKA/DHA ratio in the 1st lzarva

Ileng et al. (1965}, and Balzzs

]

0l Jiet pefos oupstion.
and daranghy (1965) have reported a constant ratio of RNA/

d throushout aping.
frotein/ANA:  The ratio of protein/RiNA is given in
'1ge. 258 and 20B and it is dbserved that the ratio gradually

T

€8 on increasing frow 24 hr embryo to pupa followed by g

2
After adult energence, the

on

charp ircrezse until emergence.
ratio is zlmost constent with slight lluctuation for first

2-3 days, From Fig. 25B and 206B, 1t is clear that as the
Erowth advances the RINA content goes on decreasing at a

higher rate showing a gradual increase in ratio while the
sharp increase of RNA while protein decrease is very Iess.

In the adults AA amd protein contenty decreases slowly
Thus from this

showing that the ratio is almost constant.
ratio it is clear that protein synthesis depends upon RNA

synthesis so that as RNA synthesis decreases, protein
es until it is almost standstill in

synthesis also decreas
the adult life or the protein synthesis rate is very elow.
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e et GEEldme UHELL C.irgence. After energence

PEFECL B Dl Tabio eviow sligm rluectustiens for firet Z2=3
deye ond atterwards stabili r
g L ervarar stabilizes. The ratio 45 &7u-as ;
e ratic is alvays higher
in feczles than ..les. The ratio of protein/DiNA denotes
e of protein and DNA at any stezge

Lie relrcive ~uantitie

and chuwe that protein synthesis is dependent upon DpNA

Content, 2nd so to sazy the cell nurber of body.,

Thus frowm the ratios of RNA/DNA, protein/aNA ang

- = - % v L 1 1 L L]
protein/DNA, it is clear that the aging in C. analis is
z- chalis

followed by the decreased potential of DNA, ZNA and protein

Eynthesis as the develop.ent progresses and adult life

advences.

5.3.4 gatio of DW/DNA, D/l A and DW/Protein

Since the life cycle of C. analis is peculiar due
to the fact that it stores as much food as it can during

devel opment for its future consumption as this ins8et, after

does not feed. It has to depend for energy

adult emergence,
Due to this habit ratio of DNAj,

needs on the stored food.
RNA and protein were determined with D so as to estimate

the synthesis and degradation of DNA, RNA and protein with

increase or decrease of dry weight.

DW/DNA: This ratio gives the relative amoumt of
synthesis of DNA as the DM increases or decreases. From
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+ “74 and 23K, it is observed thet Dii/DiA decreases

from 4 Ar egy to 1st larva showing that DNA synthesis

during this period is very repid followed by an increase

in the ratio until 4th larva showing that the dry weight

increzce is mure rapid than DNA. The decrease in the
5th larva shows rapid synthesis of DA in

relztion to imcreace of Did. While the increase in D /DA
owing to the increase in dry weight of the pupa
due to loss of water while DNA synthesis is decreasing,

Af'ter pups the ratio goes on gradually decreasing until

the 13th day. It is found that during this periocd the
Dl content/insect goes on decreasing while the decrease

cf DNA is not as rapid so as to lower the ratio of DW/DNA.

This is similar to DNA/insect suggesting a rapid rate of

DNA synthesis until pupa, after which the rate of synthesis

is very slow.

D/ RNA:

The ratio of Dd/RNA is lowest in 96 hr
embrvo followed by its gradual but slow increase until

pupa. After pupa, the ratio rises very steeply until
After emergence the ratio declines

emergence (Fig. 27B).
This curve clearly shows

slightly from 24 hr to 13th day.
that RNA content and RNA synthesis were highest at 96 hr

stace followed by rapid increase in dry weight, while RNA

synthesis does not follow pace with D increase so that
Following

there is an increase of this ratio until pupa.



» WA declines very sharply than dry weight showing

In the adult life the Oy

‘[_-' up {3

4 sharp incresce in ratio,

decreacer guzrply until 13th day while RNA content also

decline with age leading to a slight decrease 1in

cnove g
Bl B,
Thue [row this ratio it is clear that RNA synthesis
18 very ropid during embryogenesis followed By g decrease
in synthesis rate. After pupa RBNA cortent decreases
Constantly except For a slight increase for first 2-3 days

in mzles,

D¥/Protein: From Figs. 27C and 286, it is observed

that Di/protein ratio is highest in 24 hr embryo which goes

on decreasing until prepupa, showing that due to rapid rate

Of protein synthesis until prepupa there is rapid fall of
Following prepupa, the ratio rises slightly

DM/protein retio.
until emergence and records a slow decrease from 1st day of
g g

emergence until 13th day. The explanation for this is the

same as for DW/RNA.

5‘305 LiEidS

Lipids are an important source of energy during

embry ogenesis postembryonic developrent , metamorphosis
1 : LDy

and aging (ilmour, 1961; Gilbert, 1967). According to
Fast (1964) three quarters of the insect species studied

contzin less than 10% lipids. But in the present case
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lipid coment forns & nxiug of about 59,6 of the dry

abl 0t 1 repups. Thie hish lipid content may be
in s deptation for €. anslis as this insect does

ced 2ITer @eroence.

observed thet lipids both as

rPereent ol dry =nd webt weignt deerease frowm 2L hr to 1st
lrvsl gtipe, followed by it graduzl increszse until PP,

lipide zguin decrecce until emergence. Thue, it

ta:t during esbryogenesis, lipids are being

Lo whwicus
dccording to Gilbert and

Concucd &t a higaer rate.

scnneiderman (1901) 50, of lipids of eggs are utilized
(1954) nave

during eabryu;enesis whereas Alleis et al
in Ibtugta

loss of 324 lipids during embryogencsis

rreported s
are synthesized

microtoria. After larval emergence, lipids

t a rapid rate during posteubryonic development

and stored
i i in prepupa reaching to a peak of 594

until it ie
After the prepupa, lipid

of D¥ and about 30/ of the WW.
contents decline from 59% in PP to 31.6% and 41.84% in maleg

snd female respectively until 24 hr adult. Thus there is

loss of zbout 504 and 30; in malejand fem&lqsdurlng
The increase of lipid during PP may be due

a

metamorphosis.
to the loss of water, lipid synthesis or release from

l']_popr'otej_n 2s has been reported by Gilbert and Schneiderman

(1961). The high rate of lipid decline during metamorphosis

is of great significance since lipids are the mgjor supplied

of energy c‘nd‘éugmr., to a small extent (Agrell and Lundgquist



1907; Crompton and Polzkie,1569),

LT Yooy S =
F2433 900 40T E8d sdrh, 18 :
i 1 oA » -
LU FE ind Sennelderven 181 in I ]
) SR der s 501) in llylophora #
J dylophora cecropiz,

in Anthrenue verex, Kalrz et a].

) 1 3 . o
wigt, g L L2ir (19

T e
{.9'_:;, in Bulet. pipien fati_en ir:ve reported similar

durin: larval development and pupa. According to

Cai:s znd Cerere (1900} in K. dowestica, both lipid

—
s
B
r
rn
e}
I

jire are azccunulated duw ing developrent and utilized
Er rote during pupa. Niemierko et zl. (1956)

S B mde
— (ST
s

nave reported in B. mori that ferzles utilize about 504

of stored lipid while males utilize about 305 during pupa-
(1973) have reported the utilization

= 3

Cionis Liiles

rji and Gupts
of 22.2;5 of 1lipid during metamorphoeis in Pseudoletia

-

uni punebata .

sdult emergence, lipid content are shown

After the
Froi1 Figes 30A two points emerge.

-

304, B and GC.

in figs.
Firstly, lipid content is always nigher in females than in

Second 1y, lipids gradually go on decreasing from

to 10th day in either sex. Following 10th day a

let dey
surisus pheyomenen 16 observed, i.e., total fat content
on 11th day suddenly increases toO 1.5 times the value

shtaimed on 106k days After 11th day lipid again goes on
Figs. 30B and 30C

decressing gradually until 13th day.
show the lipid as per cent of W and DW respectively. The
the same as followed

course followed by these figures is

by Fig. 30A.



biatal g )
308, it is observed that males and

ferler utilize 7570 and G5, of lipide on DY basis, in
15 daye of adult life. Thus it is clear that males utilize
nare vl f2te shiowing that they have a higher need of energy
in =zdult life. [lhic contention gete support from Bat-lirian

fnc Gzlur: (i902) who hove concluded that males have hi

gegypti. SBex dimorphic

gher

Lher.y nevds then femalee in A,
cianges in adult males and fe.ales mave been reviewed by
Gilbert (1247) and according to aim sex dimorphism in lipdid

content is a genetic factor. The higher lipid content of
femoles ceens to be because lipide are an important source

Oof energy for egg maturation, and egg laying as has been

cugrested by D!'Costa and Birt (1966), Gere (1964) and
Gilbert and Schneiderman (1961). From Fige. 304, B and C,

it is observed that the decrease in lipid for first 7-8
days is much more higher and this is aleo the period of
intense egy-laying activity (Dhand and Rastogi, 1975).

The lipid increase noted on 11th day in either sex is a
peculizr phenomenon not reported heretofore. It may be due

to rapid lipid synthesis from sugar, amino acid and protein

as has been reported by Clewents (1959) in locust and Van-

Handel and Lum (1901} in Aedes.

L

Abasa (1972) in Sarcophage tibialis has reported

decrease of lipids with advancing age. According to Gere

(1964), Lymantria dispar which does not feed after erergence

of adult and depends for its energy needs by "self-destruction"



' s limid of 0 durirg developuent ,

Aceordin: Ty hiam, abouc 500 of lipids in females are
Elerred frto crge valle males utilize thejr 1ipid
exXclucively to fird ouw virgin femeales and mting. As
tlhe 24ult life 57 L. analis ig slailar to L. dispar,

the explancotion given by Cere (196L) is supported.

"
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From Fig. 31A, it is observed that sugars/individual

on increzcing from 24 hr egg stage to 5th larva To llowed

3
THoe 1%

8y lte sreduzl decline until emergence of adults.
is cleur that sugarc are being synthesized aznd stored

‘e decrcase of sugars during metamorpho-

until 5th larva.
erice aay be consured for a part of energy

€ig until emerg
sart may be synthesized into the lipid, protein

—

u:')yly and &
nd the chitin of the adult body.

3]

After the adult emergence, sugar content is highest
in 24 hr o0ld insects which continuously goes on decreasing

Here also, females have

ac the age advances (Fig. 334).
higher sugar content than the males. Second 1y the decrease
of sugar content for the first 3 days is much higher and
This clearly shows that as the age

more o in the males.
the sugars are being utilized at a

of C. analis advances,
It is also obvious that male

higher rate for energy supply.
consuie more of sugars than the females.



v; 1t is5 iound that vhen
emoryo forming about

oweergrres until pupa. Thie it it clear
. s % SR v g

infect rices, te cugar Syntiesis r-te

rire of suger between pups and 24 hr

adultc chowe an increased fynthesis at this time In

old
:‘,r’- ar 271"t s curare *© e o o i ppaen. THTEE
-Us cugare form abouwt 17.2 mp/gm W in males ang
19: % vl ons v P Bass 0 . .
.L;/:m W in Icmzles. As the age advances the sugar
Thus

il g g . .
Content,/rm il roes on gecregsing, more so in males,

SUger concu-iption in males is much higher giving support

L0 The oogervation of Bat-Firizn and Galum (1962) that males

& hirter mctabeliec rate.

~
—

-

2V

w

and 33B, it is observed that total

Ffrom rigs. 32B
is higshest in 1st larva being about

- mT
A

SUWsor percent of tne

hich continuously decreases until pupa. The adult

ol u

24 nalegand female have 1.7% sugar of the WW which goes
on decrezcing as the age advances. This also supports the
conclueion that sugar content, although increases during
development, does not follow the increase of WU of individuals.

s Lléz ars ore 111311 :L j_25€3 Ci 511; a }l:ié; g I"EITZEB Cilll? 11 é; Elég:i rlégq

Trehalose as percent of Total Sugars

From Fig. 324, it is observed that wehalose forms

about 72% of total sugars in 90 hr embryo which continuously

o - ,rf
goes on decreacing until prepupa Iorming about 46j of the
total sugars. In pupa until emergence there is increase af
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trebulor e content schine E % 4 ' A
T lise gonbent Peacning 71.55 in mele ‘and 76.0% in

that trehzlose centent from einbryo

Fomzles., Thus it seems
VO pFopuLs  ser gn decfeceivg. It may ve due to the fact
AL Breanl e 1 beine continuously utilized for the

ENELTY raide T

inrval Jdevelopient.

lorvae as the trehalose ectivity goes on

lneressi n,: in sharp decrease of

€C activity during .etumorphosis mzy lead to increased
It mey also

trenclcs
“te content during pupation (Chapter 4).

Greas
lose synuihesis is decreased during

be poscible vhat treh-
Pupztion.
Fig. 320 zives trehalose content as percent of

the Wk . Thie follows clmost the same course as that of

trehalose content of total sSugars.

Figs. 24A and B show that trehalose as percent of

™
A

Pt

and trehalose as percent of total sugar respectively,
From Fic, 34B, it is cbserved that trehalose content of

total sugar ie 71.5% in males and 76% in females which
decreases in either sex until 3rd day reaching a level of

634 in male;and 60 in females. Followinz 3rd day,trehalose
Content of total sugars increasSes until 9th day reaching the
maxdi mum and after that the level is maintained at 95~98% in
Thus it seems that the rapid decrease of trehalose

either cex.
percent of total sugar for first 3 days may be related to
In

high energy needs of insects for egg laying and mating.

support of this, it is found that trehalase activity also



A%%e & chall peek in fesales on 34 day (Chapter 4)

m

ége of trehalosa percent

>

i i - A}
dllowing 3rd aay, graduzl incre

o

Of totul surare mey reflect the cynthesie of trehalose gt

= I~ 5 B - . = o, = . =
& flgher rite te attain a aigh level of 95-933 during the

l£. et daye of adult life. This increased trehalose may be

¥ntleei sed from lipids or protein as suggested by Agrell
(1953) and Ludi:ig et 2l1. (1964).

e increased treshalose percent of the total sugar

May be an adaptaticn, for during the last days, trehalase
Ac¢tivity poee on imcreasing giving a peak, suggesting that

the age of C. analis is advancing the energy needs of

This is supported by the

i

o
w

insects goes on increasing.
Observations Of rfribe (1966) and Baker and LlOYds (1970).
The increased energy needs may be supplied by the increased

In turn, due to this stress of

oreakdown of the trehalose.
high energy needs, trehalose is increasingly synthesized
from other stored producte.

Fig. 34A, shows trehalose as percent of total Wi
From the figure it is observed that in males

during aging.
trehalose as percent of WW goes on decreasing as the age

advances, whereas in females there is a slight decrease in
, W
trehalose percent of total sugars for first 3 days and

Subsequently it is maintained at the same level.

bttt
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SUMMARY
Free amino acids have been studied quantitatively

by paper chromatography in Calloscbruchus snalis during
postembryonic development and aging. It is found that a

total of 17 free amino acids have been detected out of

which two are unknown. The identified amino acids gre:

alanine, arginine, aspartic acid, cystine, glutamic acigd,
glutamine, histidine, leucine, lysine, methionine, phenyl-

alanine, proline, threonine, tyrosine, valine and two
The highest quantities of total

During

unknown (No., 15 and 16).
free amino acids have been observed in pupa.
development, four amino acids appear at different stages
of development and the rest are present throughout the

development. Cystine is absent in first two larvel stages
Methionine is absent in 1st larval

end present thereafter.
Phenyl-

stage and present throughout the remaining life.
alanine is absent in first four larval stages but appears

in 5th larva while unknown No. 16 is present anly in
prepupa and pupe and is absent during larval and adult

life. Different amino acids show variations in their

quantities during development.
During aging, a total of 16 free amino acids have been

detected which are: alanine, arginine, aspartic acid, cystine,
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glutamic acid, glutamine, histidine, leucine, lysine,

methionine, phenylalanine, proline, threonine, tyrosine,

valine and unknown No, 15. The total quantity of free

eamino ecids and the quantities of individual amino acids

show variations in relation to aging in both sexes which
have been discussed in relation to egg laying and

mortality rate.
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6.1 INTRODUCTION

There has been considerable research concerning
the qualitative and quantitative free amino acid pPools
in the haemolymph of adult insects as well as during post-
embryonic development. It has been demonstrated by many
authors that free amino acids serve g number of important
physiological roles such as protein metabolism (Ussing,
1946; Hackman, 19563 Fakuda et al,, 1955; Chen, 1958 and
Bricteus-Gregoire et al., 1957), osmoregulation and
buf fering of the haemolymph (Bishop et al., 1926: Beadle
and Shew, 1950; Pent and Agarwel, 1964; and Gilmour, 19671),
cnergy reserve (Bursell, 1960 and 1963), link between
Msugar-free amino acid metabolism" (Price, 1961) and
detoxification of hasemolymph (Fried;er end Smith, 1954

Casida, 1955, and Shyamala, 1964).

The presence of high concentration of Free amino
acids in the haemolymph is a characteristic feature of the
insects (Wyatt, 1961; Chen, 1962) and the concentration of
Free amino acids in haemolymph may be &s much as 30 times
higher than what it is in other animals (Florkin, 1960).
According to Florkin (1937), Drilhon and Busnel (1945), and
Gilmour (1961), Free amino acids vary with development

moulting, metamorphosis, age, digestion, metabolic activity

and nutrition etc. A number of reviews have appeared in

litersture concerning the pattern of protein and Free amino
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1de in wae insects (Ly Ct, 1961; Chen, 1962 amg 1966;
: b

azZrell Jmd Lundguest, 1973.; and fockstein and IMiquel 1973 )
L] .

I el sha = 7 s ; : s "
=1 generil,; zlmost 2ll the smino acids contained in the

P&otelne It ve osen identiried either im tissues or

Ge#twlsaph.  In addition to these, some other amino acids

FRel 28 B -zlznine, taurine, ornithine, « =znd Yﬁaminobutric

€cid nzve also been reported which are not present in

Protzine 2nd so.ue amino acid derivatives zs

(v

S-methyl

Syeleln, thirazine, pincnylalanine, methyl histidine,

homozrginine h:uve also been detected (Chen, 1966) .

According to Chen (1966), Arginine, histidine,

lysine, tryptophan, phenylalanine, wethionine, threonine,

-

leucine, I.oleucine and Valine are necessary for growth
2nd must be obtained from food. Some of the amino acids
2s arginine, cystine, glycine, proline, tryptophan, tyrosine,
Phenylalanine are especizally concerned with moulting,
differentiztion, pupation and emergence of adults (Chen,1962)_
Chen (1962, 1966) has reviewed the major part of the work
done on r'ree amino acids during embryonic, post embryonic
and adult stages of the insects. After that a nuiber of
other important reports regarding rree amino acids mctabolism
have appeared, such as, Stidham znd Liles (1969), Thayer
and Terzian (1970), Garcia-Garcia and Munico (1970)’ Pt
and Lal (1970), and Roberts and Smith (1971). Bawa et a7,
(19 74) ,have studied the ﬁree amino acids in sterile and

fertile strains of Callosobruchus maculatus and reported




gerine,

G
1

y alaming, Jrolineg, tyrocgine, methioning,

snine .nd leucine in fertile straine by

In ordcr to study the metabolism of Frze cmino

tlese wve becn ctudied gualitatively and Juantita-
Lively during toe seriod of post-embryonic development and
Callogobruchus analis (Fab.), €0 as to find out

it some definite pattern can be deduced in relation to

development, metamorpihosis, aging and sex in the light of

pPresent wWork.

V.2 RLSULLS

Free amino acide during post-embryonic development

Bslsl

The results obtained by (quantitative) paper

chromatography technique a&re given in Plate I. From the

. it ic observed tnat the total amino gcigd pool/insect

st

is lesst in the 1st larva (2.562+0.201 ng) which progressively
goes on increasing until 5th larva whgn it 48 19.10442.010 ng.

i
m

Following 5th larva, the total quantity of free amino acids

decreases slightly in the prepup2. In pupa total quantity

of amino acids/insect increases 2galn S0 4s to give a

lue of 22.762+2.367 ug/insect which is the maximunm

giexi mum va
o o e fter e
value during post-embryonic developuent. A R
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amino acids have vesn identified ous
te i oQuc of which on
v 2 could not

be identified. The total quantities
. c Of Ull_‘ S, ar . . -
¢&¢ amino acids in
fomnles sre hizler than males except
i pL on 2nd, 3rd snd 12th

days when males have higher amino 2cid contents (Plat 11)
ate 3

In case of males, the total free amino acids as ng/insect
>/insec

on 2nd day after emercence
) o

show one distiact peaks,
ine until oth day. Following

followed by a gradual decl
“ree omino acilds goes on declinin
ng

which total gquantity of

On the other nand,
m the 1st day after erergence untjj

upto 12th day. in females, total free
amino acids decrease fro

Lth day followed by an increase on oth day and subsequently
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level is meintained,

After adult emergence all the 16 amino acids

detected in 5th larva are present i.e. alanine e
’ gl
’

aspartic acid, cystine, glutamine, glutamic acid, histidine
n ?

leucine, lysine, methioine, phenylalanine, proline
?

threonine, tyrosine, unidentified No. 15 and valine Both

the sexes have same set of 16 amino acids although they

differ quantitatively., Glutamic acid is present in highest

concentrgtions in either sex although alanine, aspartic
acid, tyrosine, glutamine and glutamic acid are also present

in appreciable quantities. All the different amino acids
show a highly variable patteérn of changes with age in either

sex which shall be dealt during discussion.,

6.3 DISCUSSION
During the course of development, 17 free amino acids

have been identified and quantitatively determined. These
are: alanine, arginine, aspartic acid, cystine, glutamic

acid, glutamine, histidine, leucine, lysine, methionine,

phenylalanine, proline, threonine, tyrosine, valine and two
It is observed that there L&

unidentified (No, 15 and 16) .
tal concentration of free amino

variation not only in the to

acids but also in the individual amino acids throughout the

development.
ol (ug/individual) shows a

The free amino acid po



<Faduil dncreace rrom 1st larva to 5th lipvg (Plate 1),

& clizht decline during Prepupa, angd 2gain

Len there ig a

3y

rescning the maximum value 1in pupa. Upon adult emergence,
L% total poul decreases recording a drop by K0us Tt je
VLVioLs thnt durdine larval development there is graduaj

“Cel.mlntion of amino acide. Further, along with the
increrse in total amine acid pool there is 3z Corrosponding
incresce in the total wet welght upto 5th larval Stage
(Chpter 2 and Fig. 1).

During pupa, histogenesis and histolysis are going
On gide by side. The slight decrease in ‘ree =mino acids

in tue prepupa moy be either due to utilization of amino
L A e

acide for protein syntihesis or dwe to loss in the body
‘ne of 1= 1 BRI#. However, qUantitative
- . B e B e ling oI lzrva
fluid durins sheddi
: qcide during pupa clearly indic
: amino acide duzr
lncresce of free =
At the same

ates

relecse of free cmino aeids from proteins.
tire, it is also observed tiat during pupation, the loss
or w;t weight/iﬂdiVidual i& very drastle [Chapter 3).

ince pupa is a closed system, it(shows that there ig 5
Slf? ';; accumulstion of free amino acids during thig
d%;?:; According to Chen (1900), pupal free amino acig
peri tration shows a balance between histogenesis ang
concen

ollowing pupa, the free amino acig quantities

i "ollowing

histo lysis. e

211 reciably until emergence ol adult suggesting
ppreciza | |

o amino acids for protein synthesisg.

i free a

ion of

utilizat



Lo Ussing (1946), free fmine acids teng

B3 be soated durins T :
Lored auring l;rva, rremesin relatively =2t hieh lewels
o

o PLpttlon, =nd decrecse in adults. Ussing (1948)

aurir -

0f Free amino acids are uti lized

N iynbiesic durin, wetabsliem and the 2bsence

B LRI IR o ot de:minating Zymes accounte for
procreclive increszse of free amino acids in larvsl end
- ~ s etad. i}

pupel stvnres.  Fokuda, (1955), Bricztesus~Gresoire et aj
(1957}, Gilmow (15$1) and Chen (1953, 1962 and 1965) mve
Liven similar explonations fop relatively high conc ent rati on

ol frce cmino acids during larval and pupal stages.

e

Agrell (1949) has shown in Calliphora that Tfree

amino acids decline at the initiation of orepupz and the
méxdmum quantity is reached in pupa. According to him,

2n dndtizl drep of Lrée ening seigs Jdiring Prepupa is duye

Lo histogencsis of hypodermal tissue, while the highest

concentration in mid-pupa shows the highest rate of histolysis.

The apprecisble fall in free amino acids in late pupa ang
adults is due to their utilization for formstion of thoracic

Chen and Kuhn (1950) in Ephestia and Chen (1958)

muscle s.
Patterson(1957)

in Culex have given similar interpretations.

however, failed to record any mgjor variations in free amino
Tenebrio molitor,

scid content during pupation of

- r . 4 .
After emergence, in either sex, 10 ninhydrin Positive
-potes were identified. These 16 spots are tle same 16 frge



RIS - miv wopilie Bl o s . et
SRS BELNE Haced Whe uredent dn bhe Sth B eve, s
=3

GT
Tacsl. ong iF widentdcied Bath thb i
Alients Jiad, Lie sexes n~ve sa
B Sdme
g e P g e ;e 1 3
AT Teldc wut d1M"er wrntitctively (Plete 2)
Ty e E e ;
Lag Lot.l wantity of frev zmino ceids in males i
o i = S

2ok a\-J.l IIIL\. . On Ll.l:l‘:., ;f:nd dr:‘:\ ] d G‘Cl: ne o gl"c.du \::.-I_ ly Untl. l "" d
3 ~ Ch. cly
“TRI ohien l"eri.ains .'4117].)5 t congtant Llpt.O Qtn d":{” oL du f
e | cL

lire (Plate

™o

)« In vage of females, the total Wantity of
iree ~mine acide decresger craduzlly from 1st to Lth day
cl
2
then increaces upto oth day and subsequently declines

dowever, between sth to 10th doy, a steady level is maintaineqd

Since egg laying and mating are at their peck in

the early life of Cclloscbruchus analis (Chapter 3), it is
b

reasonzole to assume that the increase of free amino zcids
on znd day in males may be due t0 dbreakdovn of proteins

for the purpose of sperm formation and their transfer to
femzles. The graduul decline upto sSth day , however, accounts
for the continuous utilization of amino acids. On the other

hand, in females, rapid decrease 01 free amino acids in the

first few days may be due to transfer of these to the eggs.

Amino acids not only supply nitrogen to eggs and

sperms, but they algo carry on a host of functions euch —
energy reserve, darkening of skin, storage of ammonia
ferine action and osmo-

released during deamination, buf:

regulation etca



4 Canprenens ive review of free znino acids durripe
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Since tnen tuite 2 fer intereetine
e )

53 3
203) .

sppeired in literatuwe on the same subiect

OTLonlirg nnd Snome taem sr¥e those ofg Thayer and

srzizn (1970) on femule Acdes aerypti, Lursell (1963) in
Bletellr germanics, Iuduine
=

e
s .

Fonging i {(1%«4) in

in Tenebrio molitor, Stidham end Iilee

«e /pti, Rooerts and Swich (1971)

) in feiwle Aedec
cancuinipes and Bawaz et al. (1974) in

paenlatue.,
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Like the changees obeserved in the total quantity of

3 the cuantities of individual amino acids

free cmine cclds,

i)

s

lso shox variacions dwing development.

per individual (vg)
A total of 17 amino aclds nove becn detected in the develop-

out of wnich wethioniner is absent in 1st

merit Ll ERafeE;
lerys sItheupl precsent in the latter stages., COystine
n the 3rd larval stage and continues to be

zp Jears only i1
srecsent throughous the rest of life. Phenylslanine is

absent in Tirst fow larval stages and makes its appearance

fter remains present for rest of

the 5th larva and therea
< unidentified No. 16 is present day during

c absent in larval and adult stages.

in
1life, wheres

pupal stage and remaln
smino acids, 1. zlanire, arginire, aspartic

Aemeining
glutaming, histidine, leucine, lysine,

scid, glutamic acid, |
tvrorine, valine and unidentified No.15,

prolineg, threoning,
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«H% Pleh - lepmim are corceraoed sith moulting, d Flerentia~
rUpstion and emergence of adults.
Durin, developrent 25 well as aping, glutamic acig
zlthough z2lanine, arginine,

iz precent in hithest quantity

FAurtle neld, plutcmive, lyed
‘ent In aporccizble amounte. Appreciable changes in
velcp:ernt and aging are concerned with

aspartic acid, arginine,

end threonire are also

preac
Guentitiss during de
glutomic ccid, Glutamine, alanine,
istidine. In the present work it has

that glutamic acid chows a

“ptarineg lygine and
)
been observed (Plate 1)
Jrogrescsive increase from 1st larva to 4th larva, which
thereafter the content of glutamic

declines in the 5th larva,
eeply during pupa. Folloting emergence in

clutamic acid further increases in males

gt

acid increases
ald insepts,

znd decrecses sharply in feiales.
2nd day in males and upto jrd day in ifemales

recarded upto
In case of

2 ip howr
A further incregse is

followed by a gradusl decline until 1Zth day.
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upto oth dey followed by

¥, s
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=~ decline upto Tizth day. Alsnine follows the psttern

3 LIpartic =cid upto pupal ctage follewime vhiek

until

tlanine increscer in Touscles and decrevcec in moles
houy 3l1éd. After emergence, alanine

wn

the insecte are 24
3rd day vhich, after choving

decreasee in either cex upto
in either sex, ccntinuously

& glisHe inerease on Sth day
declines.
Glutumine progressively increases from 1st larva to
pupa followed by a steep decline in either sex and more
1

0 in males until they are 24 nows old. After emergence,

glutamine drops upto 2nd day in females followed by an
ircrease on 3rd day, which then remains almost constant up

On 10th day it again increases followed by a

to sth day.
On the other hand, in males, glutamine content

decline .
constant uvto 5th day and

increcases upto 3rdday, remains

Tyrosine zlso shows a progressive

declines thereafter.
increase upto pupa followed by a constant decline until
Lth day after euwergence followed by & gradual increase in
ILysine follows & similar trend as that of

either sex.
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Plate I

Quantitative changes in omino

acids during aging
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Plate II

SJeantitewive gaoanpes ia gming

ceids during aging
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