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LOW TEMPERATURE ACCLIMATIVE STUDIES ON PHILOSAMIA RICINT LARVAE
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ABSTRACT

Low temperature studies on insects have shown that cooling profoundly affects carbohydrate
level as well as the enzyme and respiration rates. Fifth instar larvae of Philosamia vicini, having a life
span of 5 days, could be acclimated for 10 days at 4° C without any significant disturbance in their
development. Extending the acclimation period for further 10 days did not visibly affect the larvae
except for their becoming flaccid and somewhat inactive,

Cooling to 4° C results in the accumulation of glucose and acetylglucosamine,

Trehalose js

the major carbohydrate in the acclimated P, ricini larvae. Triacylglycerols appear to have ¢Xerted
‘sparing ® action on the carbohydrates during later stage of acclimation,

INTRODUCTION

MANY reviews have appeared on the studies of

short-term acclimation and long-term adaptation
to temperature!, Insects exhibit acclimative chLanges
in respiration and the activity of scme enzymes® eitker
by extensive supercooling or by producticn of cryo-
protectants such as glucose, trehalose, scrbitol and

glycero)?,

Low temperature studies on insects have shown
that cooling profoundly affects carbolydrate leveld.
Further, direct relationships between the degree of
cold-Lardiness and level of polyols®, carbohydratess
and unsaturated fatty acids® have been shown for
several overwintering insect species. In Protophormia
terranovae, accumulation of glycerol to which several
protective roles have been ascribed” was observed in
cold-stressed adults® alttough some species accumulate
it even during normal diapause®. Interestingly the
non-diapausing fifth instar larvae of Philosamia ricini
was observed to accumulate glycercl!®, Tterefcre,
with & view to providing an jnsight into the physio-
logical strategy of survival adopted by this insect at
winter temperature, studies were carried out at regular
mtervals of acclimation.

MATERIALS AND METHODS

Larvae of P, ricini were reared in the laboratoery at
29 £2°C ag described earlierll, Ninety-five fresh.ly
ecdysed fifth instar larvae, picked at random from tie
toleny and reared in wooden trays, were refrigerated
al 4°C, Insects were picked at regular intervals
randomly and the ctange in their weight noted, Rate
of tl.ejr mcriality was also recorded,

rom the colony, threc sets of {arvae, each consisting
of tlree insects were subjeccted to homogenization
(2097, w/v) as described earlier!? and various assays
were conducted on them as stated below,

II'-‘w.)r the analysis of total soluble carbohydrates,
£ )’ﬁ:ﬂg*:n,.fruutu&:, pyruvic and lactic acids, trickloro-
ACelic acid extract wag employed!®, whijle glucos-

amine, acetylglucosamine, trehalose and total amino

acids were assayed in the alcoholic extractl® from the
homopgenate.

Total soluble carbohydrates were determined by the
method of Trevelyan and Harrison!3, fructose by resor-
cinol method!t, aminosugars by the mettod of Elson
and Morgan'® and trehalose, by that of Wyatt and
Kalt'®, Glycogen was extracted from the lipid-free
residue, with trichloroacetic acid and determined as
described previously*®. Pyruvic acid was assayed by
the method of Friedman!? and lactic acid by that of
Barker and Summerson!s,

Total amino acids were determined by the method
of Rosen!®, Lipids were extracted from (Fe entire
tissue homogenate according to Folch e al,®* and
gravimetrically determined®, Triacylglycerols were
quantitated according to Fletcker?®?,

Trehalase activity was assayed according to Derr
and Randall®*® by estimating the rate of trehalose
hydrolysis, the glucose released being estimated by the
method of Somogyi*. Protein was assayed according
to Lowry er ai’®,

RESULTS

Exposing P. ricini larvae to 4° C renders them inert
and sigmftcantly affects t eir rate of food consumptijon,
This reflects in their normal metabolism resulting in
retarded growth and development. Eighty per cent
of tre cxperimental insccts survived for twelve days
and lost 30€f of tleir initial weight, Maintaining then
for a furtter peried, anotler 5%, died while the rest
regained thejr inttial weight on days 14 and 21, Wten
returned to tle ambixnt temporature after ten days’
exposure to 4°C, 80°] of ths larva: survived and
pupated, the prosess being delayed by five days, It is
noteworthy that thy reverted larva: bohaved exactly
as tha control in that tha:y also took the same time

sriod for moth em2rg:ace.

Larva: acclimated for a further period grew aory
woak and fliceid but continued to mbble at the food,
When teansferred to room temperature affer twenty



——— e —— L —

e

—— — - r—r—t— ——

Current

0 Low Temperatu-e Acclimutive Studies on Plulosamia rcinl Laryae e

TapLs 1
The efect of low temperature (4° C) on varjows carbohydrate profite, protein, lipids and hody weight
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[ w—

i e s L il e | Sl e e il b

oy —-'

-
'l

Control After 4 d'iys at4° C Aftef 14 da}’s at 4 C After 21 da}s at 4° C

Totatl soluble carbo-

hydrates (calculated

aé glumsse) 30 4+ 0+3 (6) 6-1+ 04 (6) 3-:0 & 0-5 (6) 3:1£0:6 (5
Trehalose 1'3+ 025 17+ 013 -2+ 01 (%) 1.0 £ 0-2 (6)
Glycogen* 78-0 + 15°8 (4) 91-6 £ 17:2 (6} 111-2 £ 11:0 (6) 214 £ 89 (6)
Acetviglucosamine 0-1 (6) 0-3 (6) 1-14 0-1(6) 0-2 4 0:02 (6)
Gtucosamine 05 (6) 0-5 (6 04 01 (6) 0-1 (5)
Fructose 07 (6) 1:0& 0-1(6) 0-6 + 0-1 (4) 0-4 (6)
Glucose 0-7+ 03 (5) 1:'4 4+ 0-3(5) 0-7 4 0-1 (6) 1+3 £ 0-3 (5)
lactate 02 (6} 0-2 {6) -3 (6) O~ 3 (6)
Pyruvate 0-9 £ 0-1 (6) 1-34 0-1(6) 0-1 (6) 0-1 (5)
Total amino acids 081+ 0-3(5) 2-0+ 0-3 (6 0:6 £ 0-2(5) 02402 (5
Trehalase actvity {ug

gluccse liberated per

mg protein at 37°C)  121-2 +24-3 (3) 60:6 %+ 6-2 (3) 1234 3- 20'5 (4) 42-5 £ 72 (5)
Protemn 18:3 + 1:0 (6) 24-4 + 1:5 (6) 13:0 4 1-0 (6) 17-3 1 0-2 (6)
Total lipids 7-5+ 0-9(6) 9:34 04 (6) 10-8 + 29 (6) 4-0 (3)
Triacviglycerols 0-54 0-11(5) 06+ 01 (8 1'3+ 04 (6) -3 (3)
Bodv weight per |

insect (g} 5.0+ 1:0 (48) 2:6 + 02 (48) 4:9 4+ Q-5 (36) 30 L 0-4 (®)

* Expressed in micrograms per gm wet weight,

*% Expressed as the mean + S.E.M. of the number of determinatjons stated in parentheses.

days’ cooling, they spun cocoons within 24 hr, How-
ever, no moth émerg nce took place. Exceptionally,
two larvae were seen to spin silk on day 20 even

at 4° C.
Influence of Low Temperature on Various Carbohydrates

Mature Fri silkworm Jarvae contain about 0-3%
of total soluble carbohydrates, mainly consisting of
trehal ose, glucose, fructose and aminosugars (Table 1).
During the first four days of actlimation total soluble
carbohydrates increased by 202% while trehalose
decreased only slightly. The 50% lozs of trchalose
activity observed on day 4 did not siguificantly reficct
on the trehalose concentration, Total carbohydrates
reattained the initial level on days 14 and 21.

Whilst the contrel insects contan equal quantities
of both fructose and glucose, the experimental ones
exposed to 4° C reveal a significant increase in both the
hexoses, the latter excceding the former, Prolonged
exposure (21 days) further enhances gincose accumu-
Iation when fructose appears to have been significantly
utilized, Presence of h'gh concentration of acetyl-
glucasamine was noteworthy during this period,

While lactate level remained more or less unchanged
initially (first four days) during acclimation, pyruvate

accumulated significantly (Table I). Total amijno
acids varied in a simdar manner {0 pyruvate,

Protein, Total Lipids and Triacylglycerols

Although acclimation at 4° C apparently produced
Little change in protein content on day 4, it caused a
sighificant depletion on day 14, The protein content
returned to the initial Jevel on day 21 (Table I).

Total lipids rccorded significant decrease by 479
on day 21 suvggesting their mob.diization for energy
purposes.

Triacylglycerols which are ordmarly utilized to
regulate the energy needs for larval growth showed a
15887 increase on day 14 (Table I).

DISCUSSION

In P, ricini, the majority of the fifth instar larvae,
acctimated for 10 days at 4° C, did not lose the capacity
to spin cccoons wien transferred 1o the ambient tempe-
rature (29 4-2°C). In those reverted after twenty
days’ cooling, though spinning cceurred as in the
controls, further development ceased and the insects
died within the cocoons, Likew;se, Cymborowski
and Bogus® noticed serious disturbance fllowing
cooling in Galleria mellonella during late fifth instar
larval development.
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Glycogen has been reported to be the main carbo-
hydrate source of energy in a majority of non-migra-
tory insect speciest, Development of P, riciani larvae
at normal temperature (27-31°C) proceeds through
instars 2-4 with significant increase in both total soluble
carbohydrates and glycogen®’, However, in the present
investigation glycogen was present in microquantities
leading one to speculate that during first four days of
acclimatjon, carbohydrates, trchalose excepted, are not
utilizad as a source of energy in the colder environment
as there is an appreciable increase in the content of
total soluble carbohydrates and monosaccharides
including acetylglucosamine., Perhaps, trehalose alone

meets the energy requirement during this pertod, Since
the amount of glycogen in P, ricini was very small '
and there appeared to be a fallin the trehalose content ¢
after fourteen and twenty-one days at 4° C, it is possible 6.
that trehalose functions as the major carbohydrate 7'
source of energy in the acclimated fifth instar ¢
larvae. '
In P, ricini larvae, there has been a net increase in 9,
glucose and amino acid content, In another investi- 10,
gation on the larvae chilled at 2° C for a week, glyce-
ride-glycerol decreased not very significantly while 11
triacylglycerols increased substantially, In addition,
haemolymph carbohydrates, trehalose, aminosugars, 12,
sorbitol and sorbitol-6-phosphate underwent decrease 13,
while total periodate-oxidizable substances, chiefly
glycerol, increased considerably?®, It is, thercfore, 14,
presumed that in P, ricini larvae glycerol affords cryo- 15,
protection from freezing damage during long exposure
to low temperature. This speculation follows from 16,
the established fact that increase in glucose and gly-
cerol contributes to the lowering of the freczing point 17,
in the tissues and thus proves advantageous for their
survival at low temperature’, Recently, a cryoprotec- 18,
tant system c¢omprising of glycerol, sorbitol and
trehalose has been demonstrated in the third instar 19,
larvae of the gallfly, Eurosta solidagensis®®, 20,
Total lipid and neutral lipid contents in 2P, ricini
increase all through larval development and attain 21,
maximum concentration at the fifth instar stage®,
Immediately after spinning, however, they decrease 22,
suggesting the use of lipid as a source of energy for 23.
spinning purpose®!, y
Triacylglycerols have been considered as a sccondary ;5'
source of energy for insects®, In the present investi- =
gation it is possible that total lipids and triaeylgly- 5,
cerols are mobilized for derivation of energy on day =~
21 in preference to the carbohydrates. It 1§ notes 44
worthy that carbohydrates injtially protected ‘lipid =
stores ' during cold exposure on day 14, X
The important role of cholesterel as a precursor ol 29,
ecdysone{s) 1s well recognized and documented, The
observed retarded growth, disturbance in  develop- 30,
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n::ent ai}d moth emergence could be traced to the dimi-
nished intake of phytosterols via Ricinus leaves.
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