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The Cold-hardiness of different geographical populations of the

Migratory Locust, Locusta migratoria 1.. (Orthoptera, Acrididae)

| Bing~}(iang » CHEN YUHg-LiI‘J* v CAYI Hur-louo  (Fusetute of Zootogy, Chinese Academy vt Science,
Beipng. 100080). Acta Ecologica Sinica,2001,21012):2023~2030.

Abstract ; The supercooling point{SCP) increases with development in the three geographical populations,
The SCPs in the I, II and 1II embryo stages of the three populations are about —22 (', —20(C and —9C
respectively. The SCP of the adults from the Heshuo population is lower than that in the adults from the
Beidagang population. Low temperature acclimation leads the glycogen breakdown to synthesize
cryoprotectants in all embryo stages. and the highest synthesis occurred in the stage 11 embryo. Glycerol
and sorhitol are the dominant cryoprotectants in the embryo of the Heshuo population, but trehalose is the
principal one in the embryo of the Hami population, in the same time all the three kinds were found m cggs
of the Hami population. For the decreasing content of glycogen with the embryo development. the low
glycogen level in the late embryo stage becomes the limitarion to the eryoprotectants synthesis. The whole
content of the (Pase that reduces with Lthe emhrya development keeps stable in the stress, Cold shock (2
hours ) leads the GPase to ‘a’ increasc ol about 105~ 40%. Heat shock shaped the activity increase 13
similar 1o the cold shock craved in the eggs (rom the Beidagang and the Hami populations. Only i the 1
embryo stages of the Heshuo population. heat shock reasons more significant variation of the GPase “a’.
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Cold-hardiness relers to the capacity of an organism exposure to survive al low temperature
According to present knowledge . success{ul overwintering is dependent mainly on one of twa strategies;
the ability to avoid freczing by supercocling to cansiderable degree (freeze-intolerant), or survival of actual
ice formation within the body (frecze-tolerant) ®. The former category of insects can survive above the
supercooling point (SCP). but the latter can tolerant and survive below this pointt’s, The majarity of cold-
hardy insects are f{reeze-intolerant and rely on the process of supercooling to avold lethal freezing -,
Changes in whole-body SCI’s may be one of the cold-hardening processes. Cold-hardiness varies between
and within species and can be measured by a number of indices such as SCP.

A number of different polyols and sugars have heen found in overwintering stages of freeze intolerant
insccts. It 1s now recognized that there are two main groups of cryoprotectant antifreezes in freeze-
intolerant insccts. One is low molecular weight polyhydroxy alcohols (polyols) and sugars, and the other
is high molecular weight antifreeze proteins (thermal hysteresis proteins)!* "7, S¢mme!" reported glycerol
to be positively identibied in 64 of 96 insect species. Although glycerol is the most common and abundant
cryoprotectant . other polyals include sorbitol. mannitol and ethylene glycol. Among the sugars, glucose,
trehalose and fructuse have been recorded in freeze-intolerant insects.

Elcvation of the low molecular weight substances is at least partially responsible for the protection
against cold-induced injury that is generated by a brief period of chilling®. The egg storaged large
quantities of glycogen in insecis are utilized for embryo development. Glycogen phasphorylase (GPase)
exists in three interconvertible forms in L. migratoria; an active phosphorylated ‘a’ form. an inacuve

[15° Phosphorylase can be activated

dephosphorylated ‘b’ form, and a partially phosphorylated ‘*ab’ form
by exposure to cold V', This enzyme acts as one of the key enzymes regulating synthesis of crvoprotectants
from glycogen in overwiniering insccts. In the laboratory. temperatures triggering pelvols synthesis are
found typically from 0 C 10 5 CUJ,

Eggs of many overwintcring insects are exposed to severe winter climates. In general. lower mean
SCPs are found n insect eggs than in other stages. Large parts of the populations will be wiped out if the
minimutn environment temperature falls betow their mean SCP. The synthesis of cryoprotectants may
plays some role in the cold-hardiness process. To provide the protection in case of the suddenly-met low
temperature, the GPase which were involved in the biosynthetic pathway for cryoprotectants must be very
swiftly taken in the process. In the studyv. we focus on the SCPs, the cryoprotectants synthesis and the
activation of phosphorylase in the eggs of L. migratoria in changed temperature.

2 MATERIALS AND METHODS

The overwintering epgs of Locusta migratoria were collected in Beidagang, Tianjin (BDGT]Y: Hami.
Xinpang (HMX]J} and Heshuo, Xinjiang (FISX]). The eggs were divided into three stages according o the
development periods at 30 C : Stage | (2 days) , Stage 1 (7 days). Stage T (12 days). The locust eggs of
different development stages were placed in a chamber of 4 1 1 C. At different acclimation periods (1. 3.
3+ 7. 14 days), the eggs were removed for biochemical analysis. The eggs of locust used in the assay of
GPase were all incubated at 25 C before they were shocked.

SCPs were determined by copper constantin thremocouple. The standard curve is shown i Figure [,
The SCP is the lowest temperature recorded prior to the release of the latent heat of fusion.

Separation of glycogen. sugars and polyols were achieved by the methods of reference 'Y, Total
amounts of sugars and glycogen extract were determined by the phenol-sulfuric acid method'* with

glucuse as the standard. The extract containing sugars and polvols were subjected to qualitative and

nantitative analysis by TLC. Known amounts of the sample was sported together with standard =olutions
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of sugars and glycerol on 2530um-thick silica gel 76

plates and developed 1n a butanol * acetic acid ¢ ether ::
H.O (9 : 6 : 3 : 1) solvent system, The dried o 23
plates were spraved with anisaldehyde-acetic acid - 1:
H.SQ), reagent (0.5 : 50 ¢ 1) " and heated a1 100~ E -5t
103 ¢ for color development, After 3 minite, of 5'15'
conling . the color-developed plates was used to analyse :32:
the sugars and polyols by the TLL scanning CAMAG -45 : ! —
-126 -9 ~60 30 0 30 &0 90 120
LINCOIMAT IV (Switzerland ). By this metbod. the Current intensity(D)

separation and quantirative estimation of trehalose,
glurose . sorbitol and glycerol with their respective RS Fig. 1 The Standard Curve of the thermocoupleThe

calues af 0.24. 0.35. 0. 4% and 0. 64 was achieved current intensity of each division (1) i» about 2. 41 >

. . 10 71°A,
The eggs were kept at different temperature (4 C

or 45 C ) for 2 hours, and were immediately homogenized with a plastic pestle in 1 ml. homogenizing buffer
(20 M phosphate buffer, pH7. 0, 5 mM imidazales 3 mM EDTA). The homogenate was centrifuged &t
000g for 1 minites, at 4 C. Afrer removing the top layer containing fat. the supernatant was collected
and used for the assay of (GPPase. (GPase activity was assayed in the direction of glycogen breakdown with 4
coupled enzyme system slightly modified from that of reference’”' . Far the assay of phosphorylase ‘a’
activity . the reaction mixture (1. ) ml.) consisted of 40 mM phasphate buaffer (pH7. 02+ 5§ mM imidazaole, 2
mM EDTA, 1.4 mM DTT, 5 mM MgCO,;. 0. 62 mM NADP, 1.3 pM glucose-1, 6-diphosphate. 0. 94
units glucose-5-phosphate dchydrogenase. 0. 26 units phosphoglucomutase. 10 mg glycogen. The reaction
was started by adding the enzyme preparation and the reduction of NADP mecasured by rceording the
adsarbance at 340 nm in a Hatachi Spectrophotometer for about 20 minites. Immediately after the assay o1
phosphorylase *a” activity was finished. 50 pL of 40 mM AMP was added 10 the reaction mixture and the
react:on resumed to determine the total phosphorylase activity (phosphorylase a +h). The phosphorylase
activity was expressed as the percenrage of phosphorylase *a’ against that of 1otal phosphorylase. One unix
of phosphorylase was defined as the activity that forms | pM of glucuse-1-phasphate per min. under 25 (.
Protein in the cnzyme preparation was determined secording to reference S with bavine serum albumin ax
the standard.

D-trchalose. Tris ( Trizma-Base )« NADP. DL dithionthreitol {DTT . glucose 1. §-diphosphate,
glucose-6-phosphate dehvdrogenase (E. C. 1. 1. 1. 49) and phosphoglucomutase (E. C, 2. 7. 5. 1) wcre
purchased from Sigma Chemical. AMP was obtained from Reanal, Budapest. All other chemicals were
analysix reagentis.

3 RESULTS
3.1 The supercooling ability of the migratory locusz

The SCPs increased with the development stage. Since the mass of the egg or the nymph usually
increase with the development. the SCPs were in direct propartion to the mass. The destroyed eggs had
the increased SCPs. The stage 1 eggs and the first instar nymphs had the lowest SCPs in their developmem
stages (Fig, 2A. B). The SCPs of newly deposited cggs of locust were difficult 1o measure since they are
difficult to separate from each other. The SCPs in the [, I and T cmbryo stages of the three
populations are about ~ 28 C . — 20 C and — 9 C respectively. The SCPs of the chilled eggs of all the three
populations in stage 1 and 111 are nut significantly different from the unchilled ones(Fig. 2A1,

The nymphs and adules of the lacnsts usuzlly like to live in the high temperature habitat, though therr
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Fig. 2 The rclationship between development siages and supercooling point
A+ An cxpresses that in the eggs of BDGT), HMX] and ISX]J population respectively. ln this figure, 1. 2 and 3
indicate the embryo development stage 1,1 and 3, while 4 and 5 show the eggs in embryo stage 1 and 1 was
chilling at 43+ 1 C for two weelks. The eggs of the HSX) population in the stage 1 were chilling ar 4 C for 12
weeks to disturb the diapause. The eggs were then continued to incubate at 30 C until the experiment stage. 3.
The relationship hetween the SCP and the mass of the nvmphs of the two sexes of BIXT] pepulataon,
SCPs are relatively low. The SCPs of the first instar nymphs of the BRDGT] population are — 11 C (Fig.
2B). The adults of the locusts can supercoal to 2. 5C ~ —3. 8C. Though the adults of the H5X]
population ({female, 3.05 g: male, 1. 81 g) arc heavier than that of the BDGT] population (lemale, 2. 008
g: male. 1,001 g). the SCPs of the former (female, —3.71 C: male, —3. 75 () are lower than that of
the latter (female. — 2, 584 {'; male, —2.842 (),
3.2 The cryoprotectants synthesis during low temperature acchimation
Under low temperature acclimation, in the eggs of the BNGT] population, the glycogen was broken
down to synthesize sugars. mainly trehalose and glucose. The trehalose content increase 1s responsible for
above 80% of the sugar increase. In low temperature acclimation, the glycogen content of the stage 1 eggs
decreased from 37. 53 pg/mg (control at 0 C) to 22. 13 pg/mg. and at the same time. the total sugar
content increased from 1. 92 pg/mg to 3. 37 pg/mg. The highest amount of sugar increase was
demonstrated in the stage [ embrya (Fig. 3A). The glycogen and sugar contents of the stage 1 embryo
were 3.4 pg/mg and 6. 35 pg/myg respectively, and acclimation led them te 1. 56 pg/mg and 7. 81 pg/mg.
The mainly increased glycernl and sorbitol was obscerved in the eggs of the HSX] population in low
temperature acclimation with the content of total sugars slightly increased. After the cold aeclimation. the
content of glycogen in the stage [ embryo decrcased from 37. 64 pg/mg to 22. 82 pg/mg. while the glycerol
(from 0. 91 pg/mg to 4. 77 pg/mg) and sorbitel (from 0. 18 pg/mg to 1. 01 pg/mg) levels rosc to several
times of that of the control. In the stage IIT embryo, the decrease of the glycogen (from 4. 65 pg/mg to
[. 98 pg/mg) led the glycerol and sorbitol increase from 1. 57 pg/mg to 3. 71 pg/mg and from 0. 78 pg/mg
to 1. 38 ng/mg respectively. The same situation was also found in the stage Il embryo (Fig, 30,
Both polyols {mainly glycerol and sorbitol) and sugars (mainly rrehalose) increase were detected 1n

tion provess in the eggs of the HMX] population. The glycogen contents in the stage 1 embryo
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decreased from 39. 35 pg/myg (control 30C ) 10 234. 68
pg/mg. and the coment of total sugar gradually

increased. The increase of glycerol was rapidly in the

first period of acelimution. then the swiftly increased
polvel i1s sorbitol both in the stage 1 (glycerol from

1. 67 pg/mg 10 3.1 pg/mg and sorbitol from 0, 81 ug/

Content{lig/mg)

mg 10 3.5 pug/mg) and 1 embryo. In the later stage,

the contents of those twa polycls seemed to be

maintained in a stable level. The trehalose canrent o 2 4 6 8 10 12 14
slowly increased in all this acclmation process (Fig.
3C). Compare with the patterns in the T embryo E’w B*ggﬂu::;wwummm%4 Eﬂ
stage . both glycerol (from 2. 06 pg/mg to 2. 8 pg/mg) 3 2 /"'"" #‘{___.r'"'. E
and sorbitol (from 0. 7 pg/mg to 1. 3 pg/mg) in the § fﬁj’Snrbiml 3 g
stage T embryos were increased in a more gradual g6 "f'&__ . f}iﬂi _______ ~3, %
levels. but the trehalose increase more speedily from %4 - %
1. 35 pg/mg 1o 3, 25 pg/mg. ?2 —r Gilycogen 1 E
3.3  Activation of (;Pase at cold or heat stress E_r E
Cold or heat shock at 4 C or 45 increased the @ 00 5 4 p; s 10 15 ”“ g

activity of the enzyme in most of the developmental

stages and treatments. In the insccis of all the three

o

populations. the quantity of total GPase showed sign

o

of signficant decrease with development. The highest

GPase concentration  ( abour 3. 91 wunits/g fresh

weitght )} (s found in the first stage of the eggs, and in

F- 2

the stage [ and stage 8 cggs. the amount 15 2. 10

units /g fresh weight and 0. 65 units/g fresh weight

Suger or glycogen content(pg/mg)
>

(ilycerol or sorbitol content{pg/mg)

individually.

The effects of cold or heat shock on GPase activity
in the eggs of the BDGT] and the HHMX] populations

Time(d)

are similar. The eggs being abrupily exposed for 2 h to Fig. 3 Fresh weight variations m glycogen and

4 C or 45C significantly increased the proportion of crvaprotectant of the stage 11 embryo during acclimation
(GPase *a’: about 30% ~402% incrcase in the embryo I of the different geographical locust populations at low

and Il. and approx. 10% ~ 203 increased in the temperature (4471 C) for varous periods (0, 1. 3. 7,

embryo 11l (Fig. 4). 14 days). Figures A, B and C are the profile of the
In the stage | and I embryos of the HSX] BDGT]. HMX] and HSX] population respectively.
population. the stress-induced increase of GPase activity is in a similar pattern to that of the other two
populations. In the stage Il of the embryo. the GPase activity increased with the cold stress is signifirant .
hut after the heat shock. the enzyme activity is only slightly increased (Fig. 4A . B. and ().
4 DISCUSSION
The SCPs of the eggs of 1. migrtoria reported by reference " was — 30 C. The SCPs obtained by
them may be the SCPs of the stage [ eggs. The supercooling points of the {ifth instar and male adult
African migratory locusts (L. m. muegratorioides) are — 3. 5C and — 3. 8 C respectively!’®’. Huang et

d found the SCPs have variance between the phases and between the sexes of the adults of the
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Fig. 1 Changes of the percentage ol active phusphorylase during different development stages of the eggs in the
geographical locust populations after cold ur heat shock. CQ, control; CS, cold shock; HS. heat shock.
migratory locust from Heher and Jiangsu populations. Early ohservers reported that piercing the insect
with the thermocouple. which Huang er «f. used in their measurement. raised the SCP considerably-"-.
The SCPs of the adults in Huang’s test are lower than those in vurs. which may be caused by the different
measure mcthods or materials.

Although the development threshold temperature of the egg is about 15 C . the diapause cggs indeed
develop 1n the low lemperature. In the chilling period. the eggs also develop and the masses of them
increase continuously. The chilling decrease to 1the SCI's may bc more effective than it shows in the
measured SCPs. The heavier females always have the higher SCPs than the lighter males in the same
develvpment stage.

The significant SCP variance between the adulis of the BDGT] and HSX] populauions may be various
adaplations to the long-term cold-hardy acelimation. The locusts in the HSX] population usually have 1o
survive a more severe late autuman,

The mirror image symmeltry relationships between the glycogen and sugars and/or polyols indicated
the transformations from glycagen to cryoprolectanis du occur in low temperature. The temperature-
dependent interconversion between glvengen and polyols and sugars is various among different geograplucal
populations. ln all stages of the populations. the glycogen was continuously transformed to sugars with
the development. The transflormation of glycogen to cryoprotectants is rapid. Most of the cryoprotectants
increase abruptly in the {irst period of cold acclimation (the first 3 davs), then the levels are kept in slow
INCTease.

The multifactorial carbohydrate metabolism sysiems (glycogen s converted to both polvols and
sugars) have becn considered advantageous because they prevent or reduce the possible toxic effects

associated with the relativity high concentration of single components®-

and may reduce enzyme activities
0 promote euergy conservation during prolonged overwintering=’l. In the eggs of locust, the large amount
of polyols and sugars thal accumulates s derived from glycogen. The conversion of glycogen to trehalose
and glucose or 1o glyrercl or sorbitol is various among diflerent geographicul populations.

To datc. studies of the regulatian of polyol metabolism have largely [acused on aspects of the low
lernperature activation of biosynthesis. although recent work has begun to probe the developmental

cantrals of the pracess. Given that the ensymatic machinery is in place s the immediate trigger that imtates

| «ynthesis in most species 1s low termperature. The present research suggestied that there exists an
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underlving developmental and geographical population component to polyol synthesis that could he further
¢nhanced by low temperature.

In onr work with the egg extraction, we found 203, ~10% (GPase in contral eggs. These values are
higher than results obtained with the degradation assay in other tests!!i.

At the stage T and ! eggs of the lacust. the total GPase units are very high lor the glveagen
conversion, Since the high quanrity of GPase ‘a® alfter stress and the gquantity of glycogen which can be
broken down is high, the ervoprotectants synthesis ave in a higher degree. It the stage T, with the
accomplishing of the development and the decomposition of the glycogen. the quantity of glycogen that can
he trunsformed is much lower. The cryvoprotectants synthesis is much limited. The active form of GPase is
the lowest in the stage I ol the HSX] population that is also the diapause stage eggs. Cold shock induced
rapidly activated the enzymes while heat shock induced slight increasc. The higher increasing ability of the
activity of the GPase may be one of the adaptations 1o the colder weather condition.

Little information is available on the cflect of heat shock an the activity af GPase. But GPase
known to be activated by physical injury in silkmoth pupaet® and by flight activity. which narmally s
accompanied by an increase in body temperature’**. The high temperature induced activity increasc may be
part of the aorganism’s heat shock responsel®’.

The temperature at the SCP of the egg, nymph and adult is the rarcly meet in their normal habitwated
environment. The adaptation 10 supercnaling at lower temperature may be of benefit to survival at extreme
temperature . especially when the extreme 1s continuously., The present findings. together with other
reporis concerning carbohydrate metaholism of other overwintering insects. support the suggestion that

overwinlering insecis may accumulate sugar aleobol and trehalose. The cold-hardiness in combination with

the protection afforded by overwintering sites may be sufficient 10 ensure survival.
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