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Abstract

Overwintering larvae ofthe  rice  stem  borer, Chilo st4rpressalis Walker are known to produce endogenous  ice nuclei  in
the muscle  and  epidermis  as  a  means  of  avoiding  intracellular freeze damage. However,  the nuclei  are  not  produced in
non-diapausing  larvae. Tb  determine the effects of  photoperied and  temperature on  ice nucleus  production, mature

larvae were  reared  at 25eC  under  short  and  long photoperiods and  acclimated  to low temperatures. The ice nuclei
were  produced  only  in the  muscle  and  epidermis  of  diapausing larvae reared  under  a  short  photoperiod and  acclimated

to low temperatures.  The  production ofendogenous  ice nuclei in the muscle  and  epidermis  was  suMcientiy  stimulated

by short  photoperiod and  cold-acclimation  to explain  the crystallization temperature of  the overwintering  larvae.
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INTRODUCTION

  Freeze-intolerant insects avoid  freezing of  their

body fluids by depressing thc crystallization  tem-

perature (CT) through  the accumulation  of  cryo-

protectant substances  such  as  polyols (Asahina,
1969; Semme,  1982; Danks, 2005) and  thermal

hysteresis or  antifreeze  proteins (Duman and  Pat-
terson, 1978; Duman  et al., 1982, 1995; Zachari-
assen  and  HusbM  1982), On  the other  hana  some

freeze-tolerant insects do not  allow  the CT  of  their

body fluids to drop too lowl even  though  they pro-
duce high levels of  cryoprotectant  substances

(Zachariassen, 1980, 1982; Lee, 1991). Overwin-
tering larvae of  the rice stem  borer, Chilo suppres-
salis  are  freeze-tolerant (Tsumuki, 1990). Al-
though  C  suppnessalis  larvae produce high levels
of  glycerol in the haemolymph  (Tsumuki and

Kanehisa, 1978), its crystallization  is maintained  at

relatively  high subzero  temperatures in winter

(Tsumuki and  Konno, 1991). The CT  is regulated
by the muscle  and  epidermis  ice nuclei  (Tsumuki
and  Konno, 1991), which  seem  to be proteinaceous

(Hirai and  Tsurnuki, 1995). In overwintering  lar-
vae,  the endogenous  ice nuclei  on  the surface  of

the muscle  cell membranes  induce freezing of  the

haemolymph  even  though  it contains  high  levels of

glycerol (Hirai and  Tsumuki,  1995). This  prevents
intracellular ice formation, which  is usually  lethal

(Izumi et  al.,  2005, 2006).

  Enhancement  of  insect low temperature  toler-

ance  is a  seasonal  phenomenon  that is related  to

the onset  of  low temperature  in winter.  The  sea-

sonal  changes  in photoperiod and  temperature  may

be responsible  fbr the production ofpolyols  and  ice
nuclei  (Zachariassen, 1982; Lee, 1995; Duman,
2001) and  antifreeze  proteins (Duman, 1979, 2001;
Duman  et al., 1982). The antifreeze  proteins in-
crease  in the haemolymph  of  larvae of  Den-
doroides eanadensis  (Horwath and  Duman,  1983)
and  Choristoneura .fitmij?rianae (TYshenko et al.,

1998) at low temperature  andror  short  photoperiod.
However, no  studies  have reported  to prove the efl
fects of  photoperiod and  temperature  on  ice nu-
cleus  production in insects.

  In the present experiment,  we  investigated the
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effbcts  of  photoperiod and  temperature  on  ice nu-

cleus  production in rice  stem  borer larvae.

MMERIALS  AND  METHODS

  Insect rearing.  Rice stem  borer larvae reared  at

250C  under  a  short  photoperiod entered  diapause at
last instar larval stage,  while  most  of  the Iarvae
reared  under  a  long photoperiod pupated after  35 to

60 days ofhatching.  [Ib obtain  non-diapausing  and

diapausing 1arvae, newly  hatched larvae were

reared  on  rice  seedlings  at 250C under  long

(16Li8D) and  short  (10L:14D) photeperiods, re-

spectively  (Tsumuki and  Kanehisa, 1978). About
26 days after hatching last instar larvae were  di-
vided  into two groups, The  first group (cold-accli-
mation)  was  reared  at 150C fbr 5 days on  rice

seedlings,  Subsequently, the temperature  was  low-

ered  in a  stepwise  fashion by 50C per 5 days until it
reached  5eC, and  then  maintained  at the tempera-
ture fbr 25 days to achieve  cold-acclimation.  The
second  group (non-acclimation) was  continuously

reared  at 250C,

  Crystallization temperature  (CT) measure-

ment.  Larvae were  dissected in O,9%  NaCl  solu-

tion at diflerent time  intervals fbr the measurement

of  CTs  of  the hemolymph,  gut, fat body, muscle
and  epidermis  (Tsumuki and  Konno, 1991). Be-
cause  of  the diMculty to separate  the muscle  from
the epidermis  completelM  the CT  was  measured  in
these tissues combined.  The dissected tissues were
sandwiched  between two  layers ef  paraMn  oil in
capillary  tubes attached  to 30-gauge copper-con-

stantan  thermocouples  and  cooled  at a rate  of  about

O.50C/min until frozen (Tsumuki and  Konno, 1991;
Tsumuki  et al., 1992). Tb measure  the CT  of  the

whole  body, larvae were  directly attached  to the

topes of  thermocouples  with  a sticky  tape and

cooled  at  the same  rate as  above.

RESUIJrS

  The CTs  of  the fat body  in both non-diapausing
and  diapausing larvae were  not  affected  by cold-ac-
climation  although  they  decreased temporarily at

the initiation of  cold-acclimation  (Fig. 1).

  The CTs of  the gut in non-diapausing  and  dia-

pausing larvae were  the highest of  all tissues tested
and  were  almost  similar  during cold-  and  non-ac-

climations  except  for non-acclimated  non-diapaus-
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 Fig. 1. Effects of  photoperiod  and  tempcrature  on  the

crystallization  temperature  in the fat body of  rice  stem  borer
larvae, Bars represent  SE ofmcan  (n == l O),
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 Fig. 2, Effects of  photoperiod and  temperature  on  the

crystallization  tempcrature  in the gut ofrice  stem  borer larvae.
Bars represent  SE  ofmean  (n=1O),

ing larvae where  the CTs  of  non-acclimated  non-

diapausing larvae decreased gradually as larvae

grew (Fig, 2).

  In the muscle  and  epidermis,  the changes  of  the
CTs  during cold-acclimation  depended on  rearing

photoperiod at larval stage  (Fig. 3). The CT  of

these tissues obviously  increased in diapausing lar-

vae  when  acclimated  at low temperatures,  but no

such  elevation  in the CT  of  cold-acclimated  non-

diapausing larvae was  observed.

  The CTs of  the whole  bodies of  non-diapausing

and  diapausing larvae ranged  from -40C
 to

-8.50C
 during cold-acclimation  and  non-acclima-

tion, respectively  (Fig. 4). However, the CTs in
non-diapausing  and  diapausing larvae were  not  afi

fected by cold-acclimation.
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 Fig. 3. Efftcts of  photopctiod  and  temperature on  tbe
crystallization  temperature  in the muscle  and  epidermis  ofrice

stem  borer larvae. Bars represent  SE  ofmean  (n ==8  1O),
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 Fig. 4. EfTects ef  photoperiod and  temperature  on

crystallization  temperature  in the  whole  body of  rice

borer larvae. Bars represent  SE of  mean  (n =  1 O).
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DISCUSSION

  Ice nucleating  activity  has been detected in fat
body  cells  of  the gall flM Eurosta solidaginis

(Mugano et al,, 1996). In our  studies  the CTs  ofthe

fat body of  both cold-acclimated  and  non-accli-

mated  larvae of  the rice  stem  borer were  in the
range  of  

-160C
 to -180C  (Fig. 1). PreviouslM it

has been established  that potently endogenous  ice
nuclei  are  not  produced in the fat body  of  overwin-

tering C. suppressalis  larvae (Tsumuki and  Konno,
1991). ConsequentlM potently endogenous  ice nu-
clei are  not  produced in the fat body  of  diapausing
and  non-diapausing  larvae during cold  acclimation.

  Gut contents  generally contain  potently exoge-
nous  ice nuclei  that regulate  the freezing of  whole

insects (Salt, 1953, 1968), In non-diapausing  lar-
vae  of  the ricc  stem  borer, potently exogenous  ice

nuclei  are also  present in the gut (Tsumuki and

Kormo, 1991; Tsumuki et al,, 1992). In the present
cxpcriment,  the CTs  of  the gut of  non-acclimated

and  cold-acclimated  non-diapausing  and  diapaus-
ing larvae (except non-acclimated  non-diapausing

larvae) were  
-50C

 to -80C  (Fig. 2), which  were

similar  to those of  the who!e  larvae (-40C to
-8,50C)

 (Fig. 4). This suggests  that potently ex-

ogenous  ice nuclei  are  prescnt in the gut of  cold-

acclimated  non-diapausing  and  diapausing larvae.

However, the CT  of  the gut in the overwintering
larvae collected  in midwinter  was  below 

-170C

(Tsumuki and  Konno,  1991). All of  the gut con-
tents were  excreted  in autumn  to winter  and

thereby  the CT  of  the gut decreased in winter

(Tsumuki and  Konno, 1991). In the present experi-
ment,  because acclimation  temperatures  were  low-
ered  in a  short  period, not  all of  the gut contents
were  excreted  during cold-acclimation.  Conse-

quently, the CT  of  the gut might  not  have decreased
during cold-acclimation.  However,  the CT  of  non-

acclimated  non-diapausing  larvae decreased 60

days after  hatching, because gut contents  had been

cxcrctcd  before pupation.
  In the rice  stem  borer, potently endogenous  ice
nuclei  are  produced in the  muscle  and  epidermis  of

overwintering  larvae (Tsumuki and  Konno, 1991;

Hirai and  Tsumuki, 1995), In the present experi-

ment,  9 days after  cold  acclimation  at 50C (45 days
after  hatching) the CT  of  the muscle  and  epidermis

of  diapausing larvae rose  to about  
-11OC

 (Fig. 3),
which  is almost  the same  temperature  as for the
overwintering  larvae (Tsumuki and  Konno, 1991).
However, the CTs  of  non-acclimated  and  cold-ac-

climated  non-diapausing,  and  non-acclimated  dia-

pausing larvae ranged  from 
-150C

 to -17eC.

These results  show  that the endogenous  ice nucleus

production of  the muscle  and  epidermis  may  pri-
marily  be activated  by both short  photoperiod (dia-
pause) and  coid  temperature  exposure.  We  have al-
ready  obtained  the supporting  observations  in
which  ice nucleus  production of  the muscle  and

epidermis  was  activated  by JH  inducing the larvai
diapause and  inactivated by ecdysone  breaking the
diapause (Tsumuki and  Hirai, 1999). Similar find-
ings with  respect  to antifreeze  protein production
in D. canadensis  have also  been reported  by Hor-
wath  and  Duman  (1983). However, the production



Japanese Society of Applied Entomology and Zoology

NII-Electronic Library Service

JapaneseSociety  ofApplied  Entomology  and  Zoology

308 H. TsLJ･MuK[ and  M.  HTRAT

of  antifreeze  protein in the beetle is activated  by ei-

ther short  photoperiod or  low temperature,  regard-

less of  diapause.

  In surnmary  the production of  endogenous  ice
nuclei  in the muscle  and  epidermis  was  suMciently

stimulated  by short  photoperiod and  cold-acclima-

tion to explain  the CT  of  the overwintering  larvae
with  the empty  gut, even  though  the excretion  of

exogenous  ice nuclei  in the gut might  not  be com-

pleted by the conditions  used  in the present experi-
ment.
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