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Abstract Proteomes of heat tolerant (multivoltine) and heat susceptible (bivoltine) silkworms (Bombyx mori) in response to heat

shock were studied. Detected proteins from fat body were identified by using MALDI-TOF/TOF spectrometer, MS/MS,
and MS analysis. Eight proteins, including small heat shock proteins (SHSPs) and HSP70, were expressed similarly in
both breeds, while 4 protein spots were expressed specifically in the bivoltine breed and 12 protein spots were ex-
pressed specifically in the multivoltine breed. In the present proteomics approach, 5 separate spots of SHSP proteins
(HSP19.9, HSP20.1, HSP20.4, HSP20.8, and HSP21.4) were identified. Protein spot intensity of sSHSPs was lower in the
multivoltine breed than in the bivoltine breed after the 45°C heat shock treatment, while the difference between two
breeds was not significant after the 41°C heat shock treatment. These results indicated that some other mechanisms
might be engaged in thermal tolerance of multivotine breed except for the expression of SHSP and HSP70. There were
visible differences in the intensity of heat shock protein expression between male and female, however, differences were

not statistically significant. © KSBB
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INTRODUCTION

Sgd rdohbtkstgd hmctrsgx g r bnmsghatsde rifmhehb mskx sn
sgd dbnmn Bhb cdudkno Bdms ne B ~mx bntmsohdr- Sghr g°r qd,
rtksdc fm dmghbgdc rikjwvng B fdgB ok r B gdrntgbdr ctd sn sgd
deengsr ne rikjvvngll agddedgr tm sgd qdrd gbg ne Fdmdshbr “mc
agddchmf ne rikj\vng B+ Bombyx mori- B. mori hr trdc vhcdkx
im a”rhb qdrd gbgt hm ahnsdbgmnknfx “mc “r ~ B ncdk hmrdbs-
Gtmcgder ne fdnfg oghb™k ¢ bdr “mc Fdmdshb kkx hl ognudc
rsg hmr “gd B ~hms™hmdc hm cheedgdms bntmsghdr vgdqd rdghbtk,
stqd v r.hr hm unftd- Sgdrd g bdr “mc rsq hmr “qd mns nmkx hm
vdkk,bg g bsdghyde Ldmedkh™m sq™hsr+ ats “krn im mns rn vdkk
rstchde pt mshs shud sq hsr+ rtbg “r ancx rhyd+ eddchmf ctg”,
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shnmt sgdq B~k snkdg mbd+ “mc chrd”rd qdrhrs mbd ZO\- Sgdg i n,
snkdg mbd hr o~ gshbtk gkx dBog rhydc tm rikjwvngll agddchmf
ognfg™ Br eng sgd rdkdbshnm ne rikjwvng B ughdshdr whsg adssdg
“c os shnm sn u~ghdc dmuhgnm Bdms™k bnmehshnmrr+ drodbh™kkx fm
sqnofb™k qdfhnmr rtbg “r Rntsgdgm Hmeh™+ ng rel Bdg “me "t
stImrd rnm fm Bghm'-

@ rds ne ognsdhmr ymnvm “r gd”s rgnbj ognsdimr *GROr( "o,
od™gr sn ad fmunkudc tm snkdg mbd “Ffmrs “cudgrd fgnwvsg
bnmchshinm hm B ~mx ngf mhr Br Z1\- GROr ~“qd hmcthdc s u™qh,
ntr sd B odg stqdr hm cheedgdms ngF mhr B rt “me sgd mt B adg ne
ognsdimr “mc sgd qdk shud hBongs mbd ne d bg GRO e Bhkx fm
rsqdrr snkdg mbd ugx eqn @ ngFmir B sn ngF mhir B Z2\- Sgd
bnmbdmsg~sinm ne mctbhakd GROr “mc nsgdq B nkdbtk™q bg~o,
dgnmdr whsghm bdkkr u™gx Z3\- Hs g™ r addm vdkk drsakirgde sg°s
oghng dwonrtgd sn rsqdrr hmcthdr snkdg™mbd “me bgnrr,snkdg”mbd
sn rtardptdms rsqdrr Z4\- GRO dwogdrrinm b™m ad bnggdk sdc
vhsg qdrhrsmbd sn rsgdrr Z5\- \hsghm sgd GROr+ rl "k gds
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rgnbj ognsdimr *rGRO( g mfd egn B 01 sn 31 jC - Sgdx “qd
rxmsgdrhydc tahpthsntrkx im dtj gxnstb “mc ognj “gxnshb bdkkr
fm gdronmrd sn gd’s “mc nsgdg rsqdrrdr hmctbdc sgdg B nsnkdg,
“mbd fm rnBd ngf mhr Br Z1:6¢7\- @ rsgnmF bnggdk shnm g°r
addm entmc adsvddm GRO6/ dwogdrrinm “mc sgdq B nsnkdg™mbd
Z3\- Nudg,dwogdrrinm “mc hmsgncthshinm ne dwnfdmntr GRO6/
hmbgd " rdr sgd sgdq B nsnkdg mbd ne u~gintr sxodr ne B~ 0 17K,
h™m bdkkr hm btkstgd+ ognsdbsr bdkkr ~F~hmrs tksq ™ uhnkds g~ ch” shnmt
ognsdbsr vgnkd BB B°ki'm gd gsr “Fhmrs onrs,hrbgd Bhb
sq"tH "+ “mc hmbgd rdr sgd hmctbhakd sgdq B nsnkdq mbd ne Dro-
sophila bdkkr tm btkstqdt dBagxnr+ “mc k qu™d Z3810/\- Hm,
cthdc sgdq B nsnkdg™mbd hr Bdch’sdc ax hmbgd rdc dwogdrrinm
ne gd’s rgnbj ognsdhmr hm = whed u~ghdsx ne bdkkr “me ngfm,
hr Br 22:6+00\- Vv "mf “mc I3 "mF 20/\ rstchde sgd Fdmdshb a™ rhr
ne sgdq B nsnkdg mbd hm sgnohb™k “mc sd B odg™sd onotk™shnmr ne
sgd Bhfg sngx knbtrst Locusta migratoriat ax Bd rtgmf
dwogdrrinm ne GRO6/ “mc GR0O8/ BQM@ s knv "/°B( “mc
ghfg  sdBodg'stgdr  "3/°B(  "mc  rtffdrsdc  sg’s
sgdq B nsnkdg mbd ne knbtrs dffr g™ c = bn B okdw fFdmdshb a™rhir+
“mc gds rgnbj ognsdimr Bhfgs ad hmunkudc hm cheedgdmbdr fm
sgdq B nsnkdg"mbd adswddm knbtrs onotk™shnmr- Hs rgntkc ad
B dmshnmdc sg”s oqd,bnmchshnmhm® fimrdbsr b™m bnmedq sgdg B~k
snkdg mbd sn ~ rtardptdms ghfgdg sgdq B "k sqd~s Bdms+ ats rthg
“m  deedbs hr mns mdbdrr ghkx qdksdc sn GROr+ nsgdq e bsnqr
I "X 0 gshbho™sd hm sgdq B "k snkdq™mbd Z01\-

L_"mhotk™shnm ng dmfhmddghm® ne Fdmdr qdk sdc sn sgdq i n,
snkdg"mbhd vr gdongsdc eng sgd bnox mtBadg ne GRO6/+
vghbg V' rteehbhdms sn “eedbs hmctbhakd sgdq B nsnkdg mbd s
rn 0 d khed rs”Fdr ne Drosophila melanogaster 102\- Sgd Dro-
sophila gd’s rgnbj ognsdim 6/ *GRO6/( ogn I nsdg v"r hmsgn,
cthdc “r chudq eng hmctbhakd dwogdrrinm ne dwnfdmntr fdmdr
hm hmrdbsr+ “mc rtbbdrretk sq mredbshnm cghudm ax sgd Droso-
phila GRO6/ ogn I nsdq v'r b gghdc nts eng cdudknohm ™ gd”s
rgnbj fmctbhakd “mc ~m imgdghs™akd QM@ hmsdgedgdmbd *QM@h(
rxrsd B hm sgd rikjvng B *B. mori( Z03\-

Kng I "mm “mc Qhcchenge Z04\ hmehb™sd sgs sgd gd™s rgnbj
gdronmrd ne B. mori V' r rilfkq sn sg”s ne nsgdg hmrdbsrt hm
vghbg ognctbde wvdqd sggdd fgntor ne gd™s rgnbj ognsdhmrt
hmbktchmf sgd GRO71+ GRO6/+ “mc rGRO+ “bbngchmf sn En,
kdotk™q wdhfgs B “qjdgr *nmd,ch B dmrinm”k Fdk dkdbsgnogngdrhr(-
Sgdx “krn bnmbktcde sg”s sgd gd”s rgnbj gdronmrd ne B. mori
V' cheedgdms sg™m sg”s ne Drosophilat hm vghbg sgd gdogdr,
rhinm ne mnm,gd™s rgnbj ognsdhm rxmsgdrir ctghm® gd™s rgnbj
v rmns ™ ogn Bhmdms ed”stqd ne sgd gdronmrd- Ax rsteximf sgd
gd’s rgnbj qdronmrd ne sgd cheedqdms g bdr ne rikjvngll hm,
bktchmf sgd B tkshunkshmd agdder B-Mhbgh “me Otgd Lxrnod+
“mc sgd ahunksimd agddc MA3C1+ Inx “mc Fnohm™sg™m Z05\
rgnvdc sgs sgd ogdrdmbd ne mdv ognsdhimr fm gdronmrd sn gd’s
rgnbj v'r cheedgdms ~ Bnmf cheedgdms shrrtdrt “mc sg”s ansg
I thshunkshmd  “mc ahunksimd - rikjvngBr gdronmedc sn gd’s
rgnbj “r duhcdmbdc ax sgd ogdrdmbd ne ~cchshnm™k ognsdhmr- Hs
V'r gdongsdc sgs dwogdrrhnm ne gd™s rgnbj ognsdimr hm rikj,
vng B Bhfgs u™gx hm cheedgdms cdudkno Bdms’k rs™fdr a”rdc nm
dwodgh B dmsr trimf RCR,0@FD dkdbsgnogngdrir Z06\- Kh et al.
207\ “mkxydc sgd dwoqgdrrinm ne sgd rl "k gds,rgnbj fdmd
AL GR0O08-8 hm rkjwvngllr ax QS,0BQ “mc entmc u gxhmF
kdudkr ne sghr ognsdhm hm shrrtdr- Hs v r Bnrs ~atme™ms hm sdrshr+
nuox+ rikj fk*met “me oto d- RnmF er al. 208\ entmc sg”s sgd

gd’s rgnbj 6/ JC~ ognsdim bnfm’sd v'r nmd ne sgd to,
qdftk sdc gd B nbxshb ognsdhmr vgdm rhkjwvngl k'gu™d qd,
ronmcdc sn sgd hmnbtk™shnm ne gd™s,im”bshu™sdc a bsdgh™ *Ba-
cillus megaterium(-

BRsqtbstq k ognsdn BhbrE B ~or nts sgd rsqtbstad ne ognsdhm
bn B okdwdr ng sgd ognsdhmr ogdrdmshm® hm = rodbhehb bdkktk g
ngf mdkkd+ Setmbshnm™k ognsdn Bhbr€ hr = agn™c sdq B eng B mx
rodbhehbt chgdbsdc ognsdn Bhbr ~oogn™bgdr “mc 8dwogdrrhinm
ognsdn Bhbr€ hr sgd ptmshs “shud rstcex ne ognsdhm dwogdrrinm hm
r~ Bokdr sgs cheedg hm rnBd u ghakd 21/\- Sgdgd g ud addm
mn otakhb shnmr sn c”sd gdongshmf sgd ognsdn Bhbr ~oogn~bg sn
gd’s rgnbj ognsdhmr hm rikjwvngl- Hm sgd ogdrdms vngj+ ogn,
sdnBd o™ ssdgmr ne es ancx eqn B gd’s rgnbjdc rikjvnglr v'r
bnl o qdc vhsg bnmsgnk rikjvng B r hm ansg qdrhrs™ms “mc rtr,
bdoshakd agddcr “mc dwogdrrinm o ssdgmr ne sgd cheedgdmsh k
ognsdhm vdgd s qfdsdc eng hcdmshehb™shnm- Sgd e™s ancx shrrtd
ne hmrdbsr *~ gn Enknftd ne B~ 1 B kh™m khudg( g"r hlongs™ms
gtmbshnmr “r ~ rsng”fd shrrtd “mc “r  jdx bdmsdg ne Bds an,
khr B “mc ahnbgd B hrsgx-

MATERIALS AND METHODS
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Swvn agddcr ne rikjwvngl *B. mori K-(+ sgd gd’s,snkdg ms
Mhrs™gh = B thshunkshmd agddc( “mc sgd gd™s,rtrbdoshakd Ihmf,
rnmf "~ ahunkshmd agddc eqgn B Bghm™ (+ vdqd rdkdbsdc a™rdc nm
ogdubntr dukt shnmr eng gd’s snkdg mbd ax sgd Rdghbtkstq k
Qdrd qbg Bdmsdg ne Bghm™- Ansg agddcr vdgd ognuhcde ax sgd
Rikjvngl Fdmdshbr “mc Agddetmf K ang sngxt Bnkkdfd ne
@mh B "k Rbhdmbdrt Ygdih™mf Tmhudgrhsx- Mhrs™gh hr egn I sgnoh,
bk qdfhnmr vgdqd sgd ehdkc sd B odg stgdr nesdm qd”bgdr 3/°B
nq ghfgdg hm rel Bdgt “me hs g™ r dwghahsde ghfg snkdg mbd sn
ghfg sd B odq stqdr Z05\-

Dwodah B dms™k rikjwvngl k™qu™d wdgd qd gdc trimf rs"mc qc
sdbgmhptdr “mc bnmchshnmr tm L."x 1//6- Sn bnlo qd sgd
deedbs ne dwonrtqd sn dkdusdc sd B odg stqd nm B “kdr “mc ed,
I “kdr hmcdodmedmskxt rdw hcdmshehb™shnm v"r b gghde nts ax
nardquim® rikjvngll k' qu™k rdw B qjr "h B~ fimk atcr nm onr,
sdghng “acnBtm’k rdbshnm ne rikjvngl kqu™( adengd gds
rgnbj- L tkshunkshmd ed B “kdr+ B tkshunkshmd B “kdr+ ahunksimd
ed I “kdr+ “mc ahunkstimd B “kdr wdgd trdc ftm sgd ogdrdms dw,
odagh B dms- Sn dukt™sd rtquhuk g sd ne sgd gd”s,dwonrdc rfkj,
vnglrt dwsg™ k“qu™d wdgd dwonrdc sn gd™s hm d~bg sqd”s B dms
“me sgdm jdos ~s mng Bk gd~ghmF bnmehshnm- Sgd ~ Entms “mc
ctg shinm ne dwonrtad hm ntq dwodgh B dms vdgd whsg sgd r™ Bd
“r Khet al. Z07\ “mc Inx “mc Fnohm™sg™m ZO5\-

'7J1erm iTre me~s —d f'gm‘..li—ﬁ

Adb™trd sgd e”s ancx hr knb~sdc tmedg sgd bshbkd fm k™qu”d+
gd’s rsqdrr b™m d™rikx qd bg sgd shrrtd vgdm sgd k™qu™ hr dw,
onrdc sn gd™s- Nm sgd entgsg ¢ x ne sgd ehesg hmrs g+ 8 rhkj,
vngll k“qu™d ne d bg fdmedg vdgd dwonrdc sn dhsgdq 34°B eng
24 Bhm ng 30°B eng 0 g fm bnmsgnkkdc fagnwvsg bg™ Badgr- @esdg
sgd gd’s dwonrtqdt sgd rikjvng B r vdqd gdstgmde sn sgd rs°m,
¢ qc qd ghmF sd B odg stgd *13°B( “mc “kknwdc sn gdbnudg- Sgd
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e'sancx v r qdBnudc 1 g “esdq gd”s dwonrtgd “mc ok bdc hm
hbd,bnkc hmrdbs ogxrinknfhb™k r ks rnktshnm */-65 M™Bk( Z06\-
Sggdd e’s ancx r” Bokdr vdgd onnkdc sn Bhmh Bhyd u™gh™shnm
“mc sn fds dmntfg shrrtd eng “m kxrhr- V7 sdg vr qd Bnudc
eqn @ r~ Bokdr ax rgngs shlld bdmsghetF shnm- Bnmsgnk r™ B okdr
ne sgd e”s ancx vdqd ogdo~qdc eqn l k™qu™d sg”s wdgd mns dw,
onrdc sn gd's- @kk k™qu™d wdgd Fdmdshb kkx rhillhk g "egn @
rimfkd Bnsg e” Bhkx(- @kk r™ Bokdr vdgd rsngdc “s 61°B tmshk
“m”kxrhr-

ro ei— brec io— —d ? 1ec r%oresis

@ 2/ Bf r Bokd ne e’s ancx v r gnEnfdmhydc ax fhme,
hmF hs hm 34/ uK kxrhr rnktshnm "6 L tod™+ 1 L sghntgd™+ 3%
BG@OR+ "'mc O B L OLRE(- Sgd r™ Bokd Bhwstqd v'r ung,
sdwdct “me sgdm hmbta“sdc eng O/ Bhm hm hbd- Rhwsx B L chsghn,
sgqdhsnk *CSS( “mc 1% HOF ateedq "oG ¢ mfdt 230/( v'r sgdm
“ccde- @esdq bdmsghetfshnm 2/ Bhm s 04+/// f+ 3°B(+ sgd
rnktakd ognsdhm eq bshnm v"r gd Enudct “me sgd ognsdhm bnm,
bdmsg~shnm v"r cdsdg Bhmdc trimf sgd Aq cengc Bdsgnc Z10\-
Hrndkdbsghb enbtrimf v"r b gghdc nts whsg 7/ pf ne ognsdm
rlokd fm 34/ pK rnktshnm '7 L tgd™+ 1$ BG@ORt 01
LK. BK CdRsgd™ j ™ Qd~Fdms “mc /-4% HOF ateedqt oG 230/(-
Ognsdhm vt kn~cdc nmsn HOF CgxRsghor "oG  mfd+ 230/( ax
sgd hm,Fdk gdgxcq shinm Bdsgnct “me rtaidbsde sn dkdbsgnogn,
qdrhr €rhmf “m Dss”m HOFogng HDE tmhs *@ Bdqrg™ B Og™ql “bh™
Ahnsdbg( “s 2/ U eng 01 g+ 4// U enq O g+ 1+/// U enq O gt
3t/// Uenq 0 gt “mc 7+/// U eng 0/ g- @esdq HDE rdo™q shnm+
sgd rsghor vdqd hl Bdch sdkx dpthkhag sdc 1 x 04 Bfm fm 4/
I L Sqhr,GBk ateedq *oG 7-7( bnms hmhmf 5 L tqd ™+ 195 RCR+
“me 2/$ fixbdgnk- Eng sgd r” Bokd whsgnts gdctbsinm “mc
“kjxkshnm: CSS *0B( v'r “ccde hm sgd ehgrs dpthkhag shnm
rsdot “mc 1-4$ hnen”bds” Bhed v'r “cede hm sgd rdbnme
dpthkhag shnm rsdo- Sgd rsghor vdqd rtaidbsdc sn sgd rdbnmc,
chldmrinm™k dkdbsgnogngdrhr trim® “m Dss™m C@KSriw B thsh,
okd, Fdk dkdbsqgnogngdrhr tmhs *FD Gd ksgb™~qd( nm sno ne 01-4%5
onkx~hgxk™ Bhed Fdkr eng RCR,0@FD- Sgd dkdbsgnogngdrdc
ognsdhmr vdqd rs hmdc whsg ~ rikudg rshm- Dhfgs Fak gdokhbsdr
ne d*bg agddc *gd’s dwonrdc fgnto “mc bnmsgnk fgnto( vdqd
gdod"sdc svhbd-

CdRsgd™ j ™ Qd ™ Fdmst HOF ateedgr “mc HOF CgxRsghor wdqd
otgbg rdc egn@ FD Gd ksgb™qd Ahn,rbhdmbdr @A "Rwvdcdm(+
BG@OR “mc CSS wvdqd otgbg rdc egn B TRA bngong shnm
"B m c”(+hncn”bds™ Bhed v'r otgbg rdc egn B FD Gdksgb™qd
'Atbjhmfg” Brghgd: TI(+ “mc tqd™ “mc sghntgd”™ wdgd otg,
bg rdcegnl @ Bdrg™ B Ahnrbhdmbdr *DT( “mc Rif 1 "+ gdrodb,
shudkx- Dkdbsgnogngdrhr vdgd otgbg rdc egnl @ Bqdrbn *NGt
TR(- Cdhinmhydc v~sdg * L_hkkhongd+ Eq mbd( Wwhsg gdrhrs mbd ne
07-1 L bH v'r trdc sggntfgnts-

'm & ¢ isiioﬂ‘, Ly sis —d roein
'de—jiic io—

Ronsr vdqd rb™mmde trimf ™ ghfg,qdrnktshnm hl~Fd rb mmdg
‘@0dgrg™ B Ahnrbhdmbd: 2/7 ohwdkr.fdk( “mc “m kxydc ax
KB~ fdL"rsdg 1C rnesvqd "udgrinm 5(- Lnkdbtk’q B rr “mc
ol vdyd b kbtk sdc egn B chhshydc 1,C hll~fdr trimf rs"mc qc
Enkdbtk g B rr B qgdg ognsdimr- D™ bg rdkdbsdc rons wghbg

B ds sgd bahsdghnm sg™s hs v~ r gdod sdckx ogdrdms hm swvn fdkr
v'r bnBo gdc tm ansg sqd sBdmsr “mc rdwdr- Hm ngcdg sn
Bd rtqd ognsdhm dwogdrrhnm kdudkrt sgd rons unkteBd v'r bk,
btk™sdc “r ~ odghdms™fd qdk shud sn sgd sns™k unkt Bd ne “kk sgd
ronsr hm sgd Fdk “r mngl “kiydc ¢7s™ sn pt mshex fdk ronsr “mc
trdc sn dukt sd ognsdim dwogdrrinm cheedgdmbdr adsvddm Fdkr-
Mng 0l “khyde unktBdr ne rnlld ronsr vdgd “mkxydc trimf
“m kxrir ne u”gh"mbd *@MNU@( ax RORR rnesv ~qd whsg sgqdd
e bsngr hmbktchm® sgdq B~k sqd™s B dmst agddc “mc rdw-

Ognsdhm ™ Bokdr vdqd chrs hmdc “mc sgxorhm,chfdrsdct “mc
odoshcdr vdgd dwsqbsde “r cdrbghade dkrdvgdgd Z11\- LR “mc
LR.LR rodbsq™ wvdqd nas hmdc trimf sgd @AH 367/ Ogn,
sdanBhbr @m'kxydq L@KCH,SNE.SNE 1 rr rodbsqn ldsdg
*@ookhdc Ahnrxrsd B r(- Ognsdhmr vdgd “m kxydc trimf LR.LR
ng OL_E “m kxrhr “mc wdgd hcdmshehde whsg sgd ¢™s™a ™ rd rd ™ gbg
ognfg" I L@RBNS C dEnm "L sgw Rbhdmbd( ~F hmrs
MBAHmg.Rwvhrr,ogns s a rd trimf sgd enkknvim® o™q™ B dsdgrd
dmyx Bd+ sgxortm: ehwdc B nchehb™shnm+ b~ga™ Bhen Bdsgxk *B(:
u“gh-akd W nchehb™shnmr+ nwhe™shnm *L_(: mn gdrsghbshnm nm ogn,
sdhm B "rr: nmd Bhrrdc bkd™u™fd: odoshed bg gfd +0: Enmnhrn,
snohb: ~ odoshcd B rr snkdg mbd ne 0// 0o - Ognsdhm hcdmsheh,
b shnm whsg = bnmehcdmbd hmsdqu™k "B-H- $( ognsdhm rbngd
fqd sdg sg™m 84% 'O < /-/4( v'r “bbdosdc fm ansg LR.LR
“mc OLE qdrtksr- Anknfib™k “mc B nkdbtk™q etmbshinmr wdgd
entmc ax trimf TmhOgns Jmnwvkdcfda™rd *Rwvhrr,0gns “mc
SEDLAK( "gss0d..vvv-awo " rx-ngf.rogns(-

RESULTS
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BnBo ¢hrnm ne sgd e’s ancx ognsdn Bdr ne ansg rdwdr ne
gd’s dwonrdc B tkshunkshmd “mc ahunkshmd agddcr ne rhkjwvngll
“mc bnmsgnkr hr rgnvm hm EhF- O- Hm sgdrd ognsdn B'd ognehkdr+
423 “mc 633 ronsr vdgd cdsdbsdc hm ahunkshmd ed B “kdr “mc
0 “kdr+ qdrodbshudkx: “mc 471 “mc 714 ronsr vdgd cdsdbsdc fm
I tishunksimd ed B “kdr “mc B “kdr+ gdrodbshudkx+ ax chfhs™k hll,
“fd “mTkxrhr “mc trimf sgd r” Bd cdsdbshnm o”q” Bdsdgr
‘REnnsg 1+ Lhm @qd™ 4+ “mc R khdmbx 04//(- Sgd mt B adq ne
ronsr vr ghfgdg hm B tkshunkshmd rhkjvngBr sg™m hm ahunkshmd
rikjvnglrt “me v'r ghfgdg tm B kdr sg™m fm ed B “kdr *S”akd
1(- Enf- 0 rgnwvr 01 cheedgdmsh™kkx dwogdrrdc ognsdhm ronsr fm
ahunkshmd rikjvngBr “me 1/ cheedgdmsh kkx dwogdrrdc ognsdim
ronsr hm B tkshunkshmd rhkjvng B r hm gdronmrd sn gd™s dwonrtqd-
Sgdgd “qd svn gdfinmr tm sgd 1C fdkr vghbg rgnv “ksdgde
dwogdrrinm ne ognsdhmr hm ansg B tkshunkshmd “mc ahunkshmd
rikjvnglr gd’s rgnbj o ssdqmr- Sgdrd “qd mtBadgdc O sn 3
*qdfhnm O( “mc 4 sn 7 "qdfhnm 1( hm EhF- 1- Sgdrd 7 dwogdrrdc
ronsr “qd udgx rhlhk™q eng ansg agdder “me fhud gdognctbhakd
rs”hmhmF o~ ssdgmr "obn B Bnm gdronmrd ronsr€(- @ksgntfg ogn,
sdhm rons chrsghatshinm o ssdgmr cheedq adsvddm sgd svn agddcr+
sgdx “qd rh Bk g whsghm d”bg agddc adsvddm sgd rdwdr “mc gd™s
sqd s Bdmsr "34 “mc 30°B(- Sgdqdengd+ rdw “mc sgd swn gds
sqd s Bdmsr b™m ad onnkdc eng sghr dwodgh B dms- Adrhcdr sgd
bn I B nm gdronmrd ronsr "ronsr 0}7(+ sgdaqd “qd 3 ronsr "ronsr
00}03( tm sgd ahunkshmd rhkjvngBr “mc 01 ronsr “ronsr
20331( im B tkshunkshmd rhkjvng B r imcthdc ax gd's rgnbj “mc
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Bivoltine Multivolting s——

Fig. 1. 2D electrophoresis protein profiles of fat body of the control and heat exposed silkworm larvae from the thermo-susceptible

Region 1(45°C) Region 2(457C)
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Table 1. List of identified silkworm fat body proteins in responses to high heat exposure
) . Accession No. of peptides ~ Protein score Mr calcd/obsd
Spot no. Protein name (Matched organism) Gino. (coverage) (C..%) (Pl calod/obsd) Ontology
Common response spots
1 Heat shock protein HSP20.4 49036077 9 148 26/20.41 Response to stress
(Bombyx mori) (49.86%) (100) (7.10/6.54)
2 DNA-formamidopyrimidine glycosylase* 163793016 7 90 25/32.87 Zinc ion binding, DNA
(alpha proteobacterium BAL199) (31.00%) (99.42) (7.05/8.57) binding; catalytic activity
3 Heat shock protein HSP 19.9 56378317 7 120 24/19.88 Response to stress
(Bombyx mori) (29.24%) (100) (6.23/6.53)
4 Heat shock protein HSP20.8 11120618 7 177 26/20.79 Response to stress
(Bombyx mori) (46.09%) (100) (5.80/5.98)
5 Heat shock protein HSP70 47232576 16 98 85/69.55 Response to stress
(Antheraea yamamai) (40.28%) (99.96) (5.80/5.7) ATP binding
6 Heat shock protein HSP70 47232576 12 110 80/69.55 Response to stress
(Antheraea yamamai) (25.87%) (99.98) (5.9/5.7) ATP binding
7 Heat shock protein HSP70 47232576 13 102 85/69.55 Response to stress
(Antheraea yamamai) (29.65%) (99.98) (5.9/5.7) ATP binding
8 Heat shock protein HSP70 47232576 15 86 79/69.55 Response to stress
(Antheraea yamamai) (45.40%) (99.44) (6.15/5.7)  ATP binding
Specific response spots (Bivoltine)
11 Heat shock protein HSP20.1* 112983134 7 84 25/20.18 Response to stress
(Bombyx mori) (33.00%) (97.80) (5.51/5.46)
13 PRETICTED: similar to zinc finger 57048379 7 80 30/55.30 Zinc ion binding
protein 436 (Canis familiaris) (20.54%) (97.74) (6.3/8.94)
Specific response spots (Multivoltine)
34 PREDICTED: similar to 91079909 14 82 33/51.45 Transferase activity;
CG10504-PA* (Tribolium castaneum) (83.00%) (96.20) (5.45/7.77) protein amino acid
phosphorylation
36 Heat shock protein HSP21.4 56378321 8 120 29/2139 Response to stress
(Bombyx mori) (60.43%) (100) (5.74/5.79)
38 PREDICTED: similar to zinc finger 57048379 13 96 29/55.30 Zinc ion binding
protein 46* (Canis familiaris) (27.00%) (99.84) (6.91/8.94)
40 PREDICTED: similar to CG9935-PA 66507549 11 86 37/61.90 Transferase activity;
isoform 1* (Apis mellifera) (27.00 %) (98.50) (7.04/6.14) protein amino acid

phosphorylation

C.l. %: confidence interval of protein score.
*|dentification of protein by PMF analysis.

fdL"rsdq 1C rnesvqd- Sgdrd “m kxrdr gdud kdc sg”s dwoqdr,
rhnm hmsdmrhsx ne rn Bd ronsr vdgd cheedgdms hm B tkshunkshmd “mc
ahunkshmd agddcr- @ Bnmf sgd 3 hcdmshehde ognsdhmr ne sgd
ahunkshmd agddct ronsr 00 “mc 01 rgnwvdc ~ rodbhehb to,
qdFtk"shnm tmedg ansg gd s dwonrtqd sqd™s B dmsr- @ B nmf sgd 01
hcdmshehde ognsdhmr ne Il tkshunkshimd agddet ronsr 37 “me 31 wdgd
to,qdftk"sdc hm gdronmrd sn ansg gd™s dwonrtqd sqd™s B dmst “mc
ronsr 25 “mc 30 rgnvdc to,qdftk shnm hm ~ 30°B sqd s B dms
“knmd- Sgdrd cheedgdmbdr rgnwvdc sgs im sgd B tkshunkshmd agddct
sgd mt Badg ne dwogdrrdc ognsdim ronsr fmbgd ™ rdr fm gdronmrd sn
“m hmbgd " rd hm sgd gd™s dwonrtgd sd B odg”stqd: gnwvdudgt hm sgd
ahunkshmd agddct mn cheedgdmbdr vdgd nardqudc adswvddm sgd
gd’s dwonrtgd sqd s Bdmsr- Rons 26 v'r to,qdftk sdc nmkx fm
ed B "kdr ne sgd B thshunkshmd agdde- Sgdqd “qd cheedqdmbdr hm sgd
unkt Bd ne ognsdhm dwogdrrinm adsvddm ahunkshmd “mc B tk,

shunkshmd agddcr hm ansg gd™s dwonrtqd sqd”s Bdmsr+ “r wdkk “r
adsvddm rdwdr- S™akd O ogdrdmsr sgd Bd mr ne sgd mngll “khydc
unktBdr “"unktBd odgbdms™fd( ne bnll Bnm gdronmrd ronsr+
hmbktctmf 3 rGROr *gdfhnm O( “mc 3 GRO6/ *qdfinm 1(+ rdo”,
¢'sdc ax sqd sBdmst agddct “mc rdw- Rhfmheib™ms cheedgdmbdr
adswvddm sgd svn agdder “me sgd sd Bodgstqd dwonrtgdr wdgd
cdsdgBhmdc ax @MNU@ 'S akd 1(- C's™ tm STakd 0 “mc
@MNU@ tm S™akd 1 qdudkdc sg™s bn I Bnm gdronmrd ognsdim
ronsr vdgd dwogdrrde fm d*bg ne sgd r~ Bokdr- Gnwvdudg sgd
pt mshsx ne GROr cheedgde- Lngdnudg+ ognsdhm dwogdrrinm hm,
sdmrhisx ne rGROr “gdfhinm O( cheedqdc rhfmhehb™mskx "0 < /-/0(
adsvddm sgd svn gd”s dwonrtgd sqd”s Bdmsr “me sgd rikjwvng i
agdder- Sgd dwogdrrinm ne rGROr hm sgd B tkshunkshmd agddc
V'r knwvdg sgm hm sgd ahunkshmd agddc “esdq sgd 34°B gd’s
dwonrtqd sqd s B dmst vghkd sgdad v~ r mn rifmhehb™ms cheedgdmbd
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Table 2. The mean of normalized volumes (%) of 8 protein spots, including 4 sHSP (region 1) and 4 HSP70 (region 2), in different

treatments, breeds, and sexes

Heat treatment (45°C) Heat treatment (41°C)
Breed Sex

Number of spot* sHSP HSP70 sHSP HSP70

Bivoltine Female 534 0.353 0.215 0.322 0.218
(£0.102) (£0.086) (£0.067) (£ 0.063)

Male 744 0.332 0.225 0.332 0.221
(£0.091) (+0.070) (+0.069) (£0.135)

Multivoltine Female 582 0.072 0.151 0.282 0.278
(£0.043) (£ 0.050) (+0.063) (£0.221)

Male 825 0.077 0.225 0.235 0.302
(£ 0.040) (+0.079) (£ 0.042) (£ 0.040)

*Total number of spots in 2D electrophoresis image pattern.

Table 3. ANOVA on normalized volumes of 8 protein spots in-
cluding 4 sHSP (region 1) and 4 HSP70 (region 2)

sHSP HSP70
Source df
M.S. P M.S. P
Heat 1 0.057 0.008 0.021 0.125
treatment
Breed 1 0.226 0.000 0.003 0.554
Sex 1 0.001 0.657 0.006 0.400
Error 28 0.007 - 0.008 -

fm sgd hmsdmrhsx ne ognsdhm dwogdrrinm adswddm agddcr “esdg
sgd 30°B gds dwonrtgd sqd”s Bdms- Hm nsgdgq vngcr+ ~s knwdg
gd’s dwonrtgd sqdsBdmsr+ rhikjwvngl agddcr chc mns cheedq
rhfmhehb™mskx fm sgdhg gdronmrd+ vgtkdt ~s ghfgdg sd B odg stqd
dwonrtgd sqd s Bdmsr+ sgd sgdg B nsnkdgq™ms agddc dwogdrrdc
rifmhehb“mskx knwdg rGROr 'O < /-/0(- Sgd cheedgdmbdr ad,
swddm sgd svn sd B odg stgdr vdgd mns rhfimhehb™ms eng GRO6/
fim sgd B tkshunksimd agddc- Knwdg dwogdrrhinm ne rGROr “mc
rs-akd dwogdrrinm ne GRO6/ rtffdrsdc sg”s GRO6/ “mc rGRO
B x ok™x cheedgdms gnkd hm sgdg B "k snkdg mbd s ghfgdg sd il
odq”stqd hm sgd sgdq B nsnkdg™ms agddc- Bn B o™ girnm ne sgd unk,
thd adsvddm sgd svn rdwdr hmehb™sdr sg™s sgdqd “qd rnlld
cheedgdmbdr hm ognsdhm dwogdrrhinmt “ksgntfg hs v~ r mns rhfmheh,
bms *S™akd 1(-

DISCUSSION

Sgdq B "k rdmrhshuhsx “mc gd”s rgnbj gdronmrd ne cheedgdms
¢ bdr ne B. mori b™m ad Bd rtgdc ax nardquimf sgd rtquhu’k
gsd ne k'qu™+ oto™t Bnsg “mc dff “mc ax nardquhmf bnbnnm
bg ¢ bsdghrsibr Z05t12,15\- Ats sgd rstcx ne sgd gd's rgnbj
gdronmrd nm sgd B nkdbtk™q kdudk fhudr Bngd hmeng il “shnm ~ants
gd’s rgnbj ognsdimr “mc ahn B “qjdqr- Hedmshetb “shnm ne ognsdhm
B "gqjdgr vikk “krn ognuhcd agddedgr whsg ~ Bd™meng Bngd deeh,
bhdms “me bnagdbs rdkdbshnm ne gd™s,snkdg“ms sq~hsr Z16\- \/d hcdm,
shehdc 03 ognsdhmr sg™s “qd cheedgdmsh™kkx dwogdrrde “esdg gd™s
dwonrtqdt ne vghbg 8 “gd ymnwvm GROr “mc 4 ~qd ogdchbsdc sn
ad fmunkudc hm gd”s,rgnbj gdronmrdr- Sgd Bdsgner vd trdc hm
sgdrd dwodgh B dmsr+ hmbktchmf ghfg,qdrnktsinm 1C fdk dkdbsgn,

ogngdrir ne e’s ancx trimf rhkudg rs hmhmF bn Bahmde whsg
LR.LR “mc LR “m kxrir ne B rr rodbsgn B dsqx+ ognudc sn ad ™
rtbbdrretk rsgsdfx hm sgd rstcx ne GROr hm cheedgdms rhkjwvng
U~ ghdshdr- Sgd bg™mfdr hm ognsdhm dwogdrrinm “r ~ qdrtks ne gds
rgnbj qdronmrd vdgd mns hedmshb™k hm sgd svn agdder- Sghr rtf,
fdrsr rnlld bkd™q b mchc™sd B qjdq ognsdimr enq hcdmshexhmf
gd’s,snkdg™ms “mc gd’s,rtrbdoshakd rikjvngl k™qud- Fdmdg kext
sgd B tkshunkshimd agddc g™ r rgnwvm ghffgdg rtquhuk g”sdr sg™m sgd
ahunksimd agddc hm gdronmrd sn gd™s rgnbj Z05+15\- Intmcfmx™
et al. 717\ rgnvdc sg’s sgd Mhrs gh agddet vghbg hr sgd B tk,
shunkshmd agddc trdc fm sgd oqdrdms dwodgh Bdmst hr sgd Enrs
snkdg'ms agddc ~Enmf 00 Ntkshunksimd agddcr- Rodbhehb
qdronmrd ognsdhmrt hmbktchm® ronsr 00303 “mc 20}31+ B°X
rdqud “r B qjdq ognsdimr eng gd s, rtrbdoshakd “mc gd"s,snkdg mst
qdrodbshudkx- Hm 0™ gshbtk g+ ognsdhm ronsr 00 “mc 02 hm ahunkshmd
agddc “mc ronsr 23+ 25t 27+ “mc 3/ hm B tkshunkshmd agdde b™m ad
bnmrhcdgde “r ognsdhm B~ qjdar gdk”sdc sn snkdg mbd- RJXK'r ez al.
Z16\ nardqudc sgs 6 ognsdhm ronsr vdgd dwogdrrdc fm ~ gd’s
rgnbj snkdq ms btkshu™q ne vgd's “esdq gd’s rgnbj trimf ogn,
sdnBd “m kxrhr- R&kd e al. 718\ “krn trdc ognsdn Bhb “m kxrhr
*1C,0@FD+ LR( sn cdsdbs sgd deedbsr ne gd’s rgnbj nm “m
“ahnshb rsqdrr,snkdgms “me “m ~ahnshb rsqdrr, rtrbdoshakd btkshu™q
ne a gkdx- Sgdx entmc svn ognsdhmr ronsr tmhptd sn sgd rsqdrr,
rtrbdoshakd bitkshu™g-

Hm sghr vngj+ vd hcdmshehde 4 knv Bnkdotk”q vdhfgs GRO
ognsdhmr *1/-3+ 08-8+ 1/-3+ 1/-0+ “mc 10-3( vghbg vdud dw,
ogdrrdc “esdq gd”s dwonrtgd- R™j "mn er al. Z2/\ qdongsdc sgs
B. mori g c riw rGROr+ mbktchmf sgd ~anud cdrbghadc rGROr
“mc rGRO12-6- RJxXK'r er al. 216\ gdongsdc sg™s sgd B ~inghsx ne
sgd gd’s rgnbj ognsdhmr hm ansg sgd gd’s,rtrbdoshakd “mc sgd
gd’s,snkdg ms btkshu™qr ne vgd's g ¢ knv B nkdbtk q vdhfgs-
Entg ognsdhm ronsr hm gdfinm 1 ne ansg agddcr vdgd GRO6/-
Hmbgd rdr tm GRO6/ b™m ognsdbs hms™bs k™qu™d ~F hmrs sgd
sgdg B "k hm~bshu™shnm ne “kbngnk cdgxcgnfdm rd “mc " hmrs
sgdg B "k hmghahshinm ne eddchmf Z02\- GRO6/ ok xr ~ bdmsq k
gnkd hm rsqdrr snkdg mbd+ fmbktchm® ogn B nsimf fgnwvsg s B nc,
dosdkx ghfg sdBodg stgdr “mc ognsdbshm® ngf mhr Br egnll
B ngs khsx ~s dwsgd Bd sd Bodg stqdrt ax bg™odgnmhmf tmenkcdc
ognsdhmr Z2\- Nmbd enkcdc ognodgkx+ sgdrd ognsdhmr “qd kdrr
rdmrhshud sn cdm’stq shnm “mc " fFfgdf shnm- Sggdd dwogdrrdc
ognsdhmr+ vghbg ~qd rhi Bhk™q sn yhmb ehm¥dg ognsdhm hcdmshehde hm
sghr qdrd gbgt “qd khjdkx hmunkudc hm sgd enkchm® ognbdrr ne
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ognsdhmr+ adb™trd yhmb ehmfdgr ~qd fmunkudc hm enkchmf ne ogn,
sahmr-

Sgd dwogdrrhinm ne rGROr hm sgd B tkshunkshmd agddc hr rhf,
mhefb mskx "0 < /-/0( knwdg sg™m hm sgd ahunkshmd agddc vgdm
dwonrdc sn sgd 34°B sqd sBdmst ats sgdqd hr mn cheedqdmbd
adsvddm sgd agddcr wvgdm dwonrde sn sgd 30°B sqd s Bdms
'STakd 1 “mc Ehf- 1(- Sghr cd B nmrsgsdr sg™s sgd sgdq B nsnkdg,
“ms rikjwvngl agddc v'r mns bg~q bsdghydc ax ~ ghfgdq kdudk
ne rGRO rxmsgdrhir tmcdg rdudgd gd's rgnbj “r bnBo gdc sn
sgd sgdq B nrdmrishud agddc- Ats GRO6/ dwogdrrhinm v™r mns
rhfmhehb™mskx gdctbdc s sgd ghfgdg sd B odq stgd sqd™s B dms-
Sghr rtffdrsr sgd rGRO “mc GRO6/ 0 ™x ok™x cheedgdms gnkd
hm sgdq M nsnkdg™mbd ne rhkjwvnglBr- A'rdc nm sgd “u hk akd
qdrd gbgt sgd “tsgngr bnmbktcde sg s nsgdgq Bdbg mhr Br Bhfgs
ad hmunkudc whsg sgdg B nsnkdg mbd nsgdq sg™m sgd rGROr “mc
sgd GRO6/- Sgd mt B adq ne rodbhehb ognsdhmr hmunkudc hm sgd
snkdg mbd ne B tkshunkshmd agddc Bhfgs “krn g ud “m h B ongs™ms
gnkd+ “r wvd g~ c cdsdbsdc 01 ronsr hm sgd B tkshunkshmd agddc
bnloqdc whsg 3 ronsr hm sgd ahunkshmd agddc vgdm dwonrdc
sn gd’s- Rghknu™ ez al. Z6\ bnmbktcde sg™s sgdq B nsnkdg mbd
qdpthgde rdudgk “ksdgm shud B nkdbtk™q Bdbg mhr Br+ “mc sgs
GR0O3/+ rGROr+ “mc nsgdq tmhcdmshehde e bsngr ok™xdc “m hll,
ongs'ms gnkd hm sghr ognbdrr “knmF wvhsg GRO6/ fm D.
melanogaster- Oqdubntr qdrd gbg g r rgnwvm sg”st im sgdg i n,
snkdq™ms agddcr ne D. melanogaster+ GRO6/ rxmsgdrhr hr
I “hms™hmde s knv kdudkr- Sgd B nrs sgdq B nsnkdg ™ ms rsq”hmt S
*hrnk”sdc im Bdmsg k @eghb™(+ g ~ knwdg kdudk ne GRO6/ rxm,
sgdrhr tmedg Encdg’sd gd™s dwonrtgd *26-4°B( bnBo qdc sn
sgd kdrr sgdg B nsnkdg™ms Ngdfnm Q rsq”hm Z6+20\-

Ehf-1 "mc STakd 1 rgnv sg™s B kd rikjwvngll k™gu™ dwogdrrde
rkifgskx B ngd GRO6/+ drodbh™kkx hm sgd B tkshunkshmd agddct ats
sgd cheedqdmbd hr mns rifmhehb™ms 'O < /-/0(- Sgd mtHadg ne
ognsdim ronsr cdsdbsdc ax hl~fd “mkxrhr rnesvgd hr krn
ghfgdg im B “kdr sg™m hm ed B “kdr- Sn sgd adrs ne ntq jmnwvkdcfd:
mn nsgdg otakhb™shinm chrbtrrdr sgd cheedgdmbdr adswvddm ed I “kd
“mec Bk rikjvng B r im gdronmehm® sn gd”s snkdgq mbd- Etqsgdg
dwodgh B dms™shnm hr gdpthqdc sn cdsdgqBhmd sgd cheedgdmbd hm
sgdq B nsnkdg™mbd adsvddm sgd rdwdr ne rikjwvngll k™ qud-

Hm ngcdg sn hedmshex Bngd ognsdim B “gqjdgr “mc sn dmg ™ mbd
ntq tmedgrs mehmf ne sgd qdk sinmrgho adswvddm rikjwvng i
agdder “mc sgdhg cheedgdms sgdg B "k snkdg mbdr “mc sgdhg dw,
ogdrrhnmr ne cheedgdms jhmer ne GROTr+ hs hr mdbdrr™gx sn rd"gbg
enq Bngd cheedgdmsh™k ronsr trimf Bngd sgdg B nsnkdg™ms “mc
rtrbdoshakd rhkjwvngll agddcr- @cchshnm™k  Bdsgncr eng sgd
nsgdg rikjwvng I shrrtdr rgntke “krn ad dwokngdce- Hm sgd etstqd+
sgdadenqd+ vd whkk hmudrshf sd sgd deedbsr ne dwbdrrhud gd™s
rgnbj nm sgd ognsdn B d ne cheedqdms agddcr “mc rdwdr-

Etgsgdg B ngd+ sgdgd “qd B mx rtbbdrretk dwodgh B dmsr nm
sq-mrfdmhb rikjvng B- Gnwvdudgt hs ir nmkx gdbdmskx sg™s rbhdm,
shrsr ~gd sdogmhb™kkx b o0 akd ne s gFdshmf dmenfdmntr fdmdr
vgdm dmfhmddghm® sq mrfdmhb rhkjvng B Z03\- Sgdgdengd+ I,
mhotk”shnm ne fdmdr gk sdc sn gnatrsmdrr “mc sgdg B nsnkdg,
“mbd ne rikjwvng B hr mns snn e*g v x- @m tmedgrs mehmF ne
sgd Enkdbtk™q Bdbg mhr Br ne sgdg B "k snkdg mbd hr drrdmshk
eng ~ss~hmhmF “mx qdrtksr hm sghr chadbshnm+ o™ gshb k™ gkx hm sgd
tmedgrs mehm sgd cheedgdmsh™k dwogdrrinm o”ssdgm ne u”ghintr
GROr tm ahunkshmd “mc B tkshunkstimd agddcr- Sgd hlongs mbd
ne GRO6/+ wvghbg v'r bnmehgBdc eng rikjwvngl k'qu'd

sgdq B nsnkdg mbd hm sgd ogdrdms qdrd"gbg+ vntkc Fqd ™ skx e bhih,
s sd sghr qdrd"gbg-
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