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= 1 = = s

EHRBHRETROIERLTVWEIAEY TH S, TORME 100 R Eid E
D, 2HYEOH 0% 2 EHLZEVbATWVWS ( Pears et al., 1987 ), BH
HHERBELS., LV ELDERLEB T2 LBAETHE-ke TORDH, BH
BHMEKOoS oWI2REBERICHARSL, Z2LO0HEBFAELTCVWILEI NS, &
Hid, COEXREZROLOBEE~0OFE L, 2 20AYEBE L L EHFE I LN
2, —DRMATHL., 2 —2BKIETH S, diHFRX" B” 2, HERX” #H”
2R HTE LD, NS ZHo0EYEBI-REFEHETI2r0LSCEbO %0,
EdR3ABBEERIZEVIHHNOLDIICh s ORI EHELE S LD TH S,
Edia, PrEHRL. RAEH2EBE s csicdh, MBHCRRBECBE T
Eh LMot —H. ~BHICRFLHELIESL LKL T, MARFERR
FROEETRUFEUZBECRS, S0 RMHYHEHLEERMT I EVIFKHME L
SKhIEAEE T Lickd, FEBEBIEMA. ThHWHBELZOEFHFH>LNT
EB LI ot KIBIMAE., RAFEsIVRHABHICL - THHBIALE
BERRBUEBODOTHE, BRI, BRBEOR AN CEEODO L S & B #
EHEBALELTCABBEORHRATHL, BREOI b REKIBERECALIOTSH
2, —HRIRICA B &, BFEN - AHNRETFRIROoNTVHE, S5 4LHNREH
EHRTLAVEYY, FAEBEMPSCHBECRLTLERBAKER» s HEEE & B
EHREFOHMRIBCSKX WD TH S ( Yanashita and Hasegawa, 1985 )o C O
BV REEAKRBBAEE ( diapause development ) &MATWS
( Andrewartha, 1952 )o

B, tEAHCLEFoL > NEEMNH (MEHW) £, BMic k- TEML
THBM L., (bEHERCLEBST St T ABBRBICZOAEFREFHIC & B
TWwd, COFEHBRIC. AFWREH VTV S, KIEOHEH - B ICKE L.
BHRIBABEORECRE - FEHVWLIATWE, BHO 2 ok vE Y, hH
*rey (JH)Y - BEAVEY (27 P2F0 A4 F) e, FEHMALTWS,
BEHoRKE - ZEx2HHT A2 rE Y RICDVWTR, UToXk 3 HUHEH@ENE &
TW3, JH BR7 53964 T. 229 25u4 FREIMKECT., shfhasmsh. M
P~ Ens, ThZhosVEYOEK - RIS ZWBEN DS TN



FEyREI-THBEINTVE, WOFVEVYyOPT, 22 VR Fa i FOK -
SWEHMT AL O>VTRAWBRRS + e Y (PTTH ). JE O &K - 4 ilb
EFHHETH5SQOEODVTRT IS ERFBFILEY (TF bbubry) RUT S 2
EMBE FLE Y (TIPRIF ) BHSATVE, MkPO JH BENE VIR
BT, =27 Y2504 FREBENT L. hdihr o ~OBEBES D, JH
ODRIEFT, 27 Y2504 FRIHBRT L, hdibol~0BENI &
o, WhroBMBE~OXEES, JH BESBEOVRECTZ 2 Y7o FRENHMN
T35 ¢licd-ToHhoahsd (WF, 1984, 1992 )o

ERoWkiER, £EROS> 508, . @iz mdfos soun
TS THEL S, — BB, —2OREHYPWTCABLARIRGBO Y cHU
KIET 2 @, KIBEONSWHLEHAT ., RAELTo LS cBEIhTW
5 (WWF - F%, 1984; Yamashita and Hasegawa, 1985; Yamashita and
Suzuki, 1991 Jo $RAKBOP T OLEHEVHHMICKIEST 52 B ¢ . KIE I3 Mk
o JHBEEE(HKIELI Lk THE BN, I BIFOE T Ik v ¥
SN b, BERSTYRM., R#AGHY., RUWHWcoRKBE, £ JH RE Tkt
527 VAFu FORMILL-THEHEA, 227 VX504 FOWMBILDOE
Bansd, KEKEBR., £HHEORBTHFC L- THBMA S DI B, I 0o Rl
doTHEEIH, JH OHFAKL->THBES N S,

—hH. AR WBENRL - EREhALUFORERBcE LM TFRIEDHE
H-HRECODVTOHNAIWHEAR., EH—-—ResVTtRBEShIN TR L,
L L. A48T, 24 HO7 : /7 BHPSHIZMBPERTF FhrE Y (K
E+xrey) SRIEFZECHE LTVWa S ENHESMicENTWS ( Yanashita
and Hasegawa, 1985; Imai et al., 1991; Sato et al., 1992 ), i — X H K H
Wi, BETHMES OGS FWESNBKIER L E W, I O FH ¢+ 5
EVETENLHIAZHEROHBENLRBP B TREEZHIES 5, 4 4 3 51 0k
BEEBCODVWTR, 27 Y2 Fa4 FEBMELTVWSE EDOHE ( Gharib et
al., 1981, 1983: Coulon, 1988 ) 2 H 5 M, K-S h-BEMEBohCTcRrWVWE
Wo

KEEF NV EVYORETHEBHICBI AKX AW RKISBME LTWws &%
A S5 TW3B ( Fukuda, 1952; Matsutani and Sonobe, 1987 )o #f » CT. I F.



hdi, . REKELCHEDLO L, BHRIREBALTCELADF L E Y 2 HF
L. B20RBEEMECKBEEIMOANLSZ S LicLk->T, AFBRcRE o £ iER
ENAILHEAMERE TVIbDEELILNS, FHOLETEROAEREE T &
¥l &icd->T. RIEBRBELABRECBYIHGBLE L TOLEERZRIEY 2
PO TRIELS, BHALLTORBFEOEZ—LERY. AMBEEM S &% bR
LTWVW20DTH 3,

RKIRCMT 20T’ ELORBEBLTHTbATVLEN, BFHKIRCBL
TREBAEXELDODEUMNELS, A3 BLWTEHES hoHRBBEEA T 3, &
BHERZEL A 23, BRASYRMHSERIBEBEECH 4 2k b 2 B
BROV, -7, ZBOoREBHBE(LDD, T05H., WE - EHBLMNT 3, %
DIZ. MEPBENTLE LS, KIRRKEO WV A O B BRBKE CHAHEE &
NTVd, BREBEHOKRRAKDRELBIIE L CRBET 2201, KIRE
MR RESEIENEWNOREREBEVBEBERHABE L - £o

KB FOREBRUKIEST 251 a0zl Eic >0, 1909 F i 41l
KE->THEINATHS (A, 1909 )o &S, h 4 IPOHREDSTHM S,
BTORENKEBOLBENREL MM+ 2EEL chkrin, FMAKT 0 F
HEREBEXRSEREL TV ( BE, 1969 KB, 1979 Do # 4 3 o (k¢ 9P & 3
F-%H® 25 'C CRELALBAE, BTHR 1| - 2 HOHEMERBOFER KO H
MEOSMILEROKW CRELBLIET S &, RUCOREMLILZIMAE 25 "¢
KRETIROEMiIc D > THBEERECERNPELMIZK > TV 3
( Yamashita and Yaginuma, 1991 )o

KIEOHBoOZHITWE., %2 5 "C it 2 P HEIABT 2 N LBEL R
20 2 NAMULRBLABIR., ToOk, 25 C CRET A2 ELIOMRTRE
ZEHBMA L. it~ Wi+ 3 ( Yaginuma et al., 1990a )o ¥ 7-. HifE LB o X
DANRNCKBEREB I 25 o B st CBEIIhTVWE, COBK
R, KIEZE BT 2HEECRBEAWS S HED 2 >BHMe TV B, B & 2K
HEPEDR = B T 1% 24 B, # 15 % OB T 46 "C . 5 MUY 3 &0
THIRRRBEELFE W, BEGETHR 48 5@ H» S, 30 H 5 "C /@i L 7=k
BRORZ. # 15 % BT 48 "C. 5 HMUBE T2 b0 CHBRBREEFEThTL
% ( Yamashita and Yaginuma, 1991; (UF, 1993 ), BN B E O 43 F E# 11



FREShIREIATVARLE, (O 2 205FEIKLD, BEREERNIREN
REL o

h4ooKRBoEEMHEERBCR., 1 b (1 e 1 #HR ), 2 LHE. &
vt Emoh T3, | {tHEROCSILHEOI A 2 RABBBEREIN S C
EHSAHKBEUHIRUCIEKRBHERE2Z A EFABEOCHESAGHCRE S ATV %,
2 fttEo A4 o icBLTR, ABEE (BEEE) 8. KBHEZXRET 5, 2 &
b, BF% 25 "C. BEHT (MY 16 MU L) THRELALABE., TOWL o> KE
LAB@BBECHRAKBHEMBE LS, —FH, BobHz 15 "¢, MEHT (Y
12 BEUE) TAILABE» 5. FRIRMEWHE T EN 5, % 20 'C D
o EETCRELABECR, EHRECREKRMENE., HHRMHETRIE
KIBRM IR SE T &h 5 ( Kogure, 1933 )o F o, btk 0 R4 5 &8 M o X E KR
o, BoKEHEG., ToWErEARBHOMER LI TREENL S I LHBWS
icEdhf (A, 1909 o E S, fbH O D EMME T OIRB & UMK
BEOER LD, EFTELh2BoKBE®R. BRABDLDR AR O HIC KRS
h, THACBECRESh TV ERRBEni ( BHE, 1929 )o BlED LD
BEBR» S, KIREBHEMB oMLY, RUKBUEFRELZOHE B L hic &
hT& (Ba, 1929; BR, 1969 )o C OBV E KR T KU MO OB 4K
BT sHs R RIEBIATOE, ThsDRHEF VT N & oD
CHEESTIMHENPRCHERLT. BRECERT 32 L0 k- Ty BFRIE %S
ER T EVWIEZATH S, COYHEB., B8 (1924) wka” MHEHHE” . o
(1929) i &k 3" {LHEREHR” . Kogure (1933) kK L 3" H-EEUYHEH (FH&
MWYME) RUBE_BFEHYE (BFHYHE) " $ThHd, ChoOYHIEFEHER.
BrRBicB &Aoo L L, 1951 ELR->TERINKVEH ZH £ 0l
UL RILE->T, A4 s0KBER, BETHEHLO AW I IME I LD
RE SN B EDBHEMIc &N ( Hasegawa, 1951; Fukuda, 1951 )o E &Ik,
BETHEMI VD COYEALTHHEAUEL, AKIEX*H BT 20 HOKEEZWE» I L.
KB+ VvE v & &P/ ( Hasegawa, 1957; Yamashita and Hasegawa, 1985 )o
COMBILL»T. KIEUTBOEERZ, REPOWRBEKIR+F L E v OEH MY
I EDLPIRE>THREFENSEILENBRENLDTH %,

Fh, 1958 FRFHICL-T, A aKERIEBTIR., KIERBPE 7Y



G FUyRYAE L -—ALETY ko - TR EINSE L, RUKEBERBRYE
By vbEbr-—nETYVEo - S 7Y -FUyBEEAEREINEIEBHS DI
&4t ( Chino, 1958 )o T D&, MIBEL WL TIRELY, YV a-FYrssunwiagd
MRl (7y €Y F) %2 "¢ TERLALKEBRBEZEHVWCT, 7V a-¥Yri2M7
va- L toMHEERFLODVWT, Lo FMERIASRENL, TOER. KIE
BItsicE R IS 3V Vv E b - v TERTTVa - rioHkdTan, £kahn
37yt -AD—WRIrXrY ) FiedHRkTsce,. ROUKIEEBHcR Yy VY
P A D BEHY TR 7Y - vy BBEIET SN, 7w - VBB IO
il L TwiR W EMNEMERL A (W@ - LF, 1977; Yaginuma and
Yamashita, 1978, 1980; Yamashita and Yaginuma, 1891 )¢ > CT. # VY 2 - 7%
YEVYALE P - NV EDHEEREN., A4 a0 KIEBHFB BT, BETH S
ERrEntk, A KB EBWT Y Y a-Yriglirra -V EDODHAEE
BmEBRWEEAAL LR, BHOKIRYS, B cREFL LD THRBZEE K
DRI TREL, BR2EMNERINHRERBH ML 5 &I L @RS
h3D0TH3EE2RLTVE, COBRMNARBROBIZICL, WkWHE
ThHB7Vew -, VAEL-N, RU PV e - XEEHFEMT 5 EBAf
Lot I, CHOLDOTHEYVER. LRWOR TOEB I L - THIK L W
TE20RVWEy, HELTOHBEBHE N BEBS LT VLI IEHVWT WS b L
ZZohTW3 ( Storey and Storey, 1988 )o # 4 3P DH &G B, FRICHE
BlLivarer-nrir, FHEFR LI, LA, HBHEKEEE KT B2 2 &
KE->THRBOBE EBELZREL CXEILTI@IUERLTVEEEZL SNT
W3 ( Suzuki et al., 1983 )o C D7, H 4 aPWDRKIAMRB ZIKIE & 0
BMETEKHRABEATWL B,
RKMECMRBOoBE» 53 2&, KBEWMIIAKEL 4 >0l TELSC
EHB &% ( Yamashita et al., 1981 )o 2 F 0. KIRFHW . KEBH . K
RN, KEREEBRMECH 2, KIRFEW ., BETHEGH L o 1D i< B
Eh2KRBAVE Y WIRBERBMOPBCERAL, RO trehalase
( EC 3.2.1.28 ) iE¥ %4 2 LA &% % ( Yamashita and Hasegawa, 1967 )o
CoEHOLERICED, MBEFOFL "o - ABBEICIVI -2 ELTWMD A
Th, KEEHIICRIIFKRKBREBOKH 1.5 ED 2y ) a-¥rrBEMET 3 ( Chino,



1957; Yamashita et al., 1981 ) IRBI®AM i k. ET 2 B, a@n
glycogen phosphorylase a ( EC 2.4.1.1 ) iE oMM A S5H 5 ( Yamashita
et al., 1975 )o COBRIL LD, 7Y 2 -F rBRWILYILE P~ LERD
EFHMPREFESHA, Y VE P - AP EEINZ, FARBHEBRBcBVTER, COoBR
FHORER EAEBYonS, Y7V a - orhos vy e - ~0LHGID
SNV, ¥, BB XA L) RKRMBEMICEF oMY ML 5 b,
TOMRSROEFEILZBRABO G: IitRI->TVLWAEIEBHEShicdh T
% ( Nakagaki et al., 1991 )o (KHRHERFI 1S3, RNA & 5 v vy T &Rk W
CEWHKEICH S ( Kurata et al., 1979; Sonobe and Odake, 1986; Sonobe,
1989 )o KRKEEIR. 5 "C TH 2 P AMABH T I Lk EMEN S

( Yaginuma et al., 1990a )o KEREEHc v L E P~ L RBFU Y 3 - ¥ v
LEBREN D, COLMB., COLERYDTHESEUENHE T 3
NAD-sorbitol dehydrogenase ( SDH, EC 1.1.1.14 ) K-> THRAHI ATV B

( Yaginuma and Yamashita, 1979 )o — K. (KERBF % 25 "C CHRM L it B A
SDH SHOHBEBEDLSHL L, 2F 0, 5 "C OBAEEBICX > SDI 5 #H i
HEFTZ2EELSNZ, Co o, SDH FBHOHBBB AW S hicd 3 8 &
KE->T, KIERBLZECBEHOEMNAE2ZFLVvRAVCHSMIZF S ENTE
PbDEEX LN B,

TCTAMACBOTE., KIEEBMcHEoWME+ 2 SDI @ iE v 98 55 4 6
K2o2WTHELL, B2ETR, ity S MEEAEML. KIREEW BT
2 SDEWEHE SDH s v/ HBOZEHMEFTHAL. 5 "'C B Lo, SDI & v s
THOESRBHBE SN B E 2R LA, E3HETIR., kv Y SDE Hilk%s Au
TH 4 3 SDH cDNA %2 BIB L., (KIEEBII O SDH nRNA BOLT WA WHEL 120 *
DR SIH BETFTE. 5 "C ABICLDRENMBENE I EBWEMER - 12,
Flh, CORBIMBMBEE CEET VWD EEFR LIk, BaBETI. FEKRIEDR
OBRFFREICHES SDH &, SDH 5 v/ B8, KU SDH mRNA MO L H % W&
L. thoothBiEd 2 ~ORERY (RFRKEWRCHDMABIEY) MY+
5 EERLTe T/, SDH wRNA R, HBRMAB TR I CHWBECBEL T W,
HOEBETR, SVDE BEFORIABBEBRU ST 220, #43 SDH RET WL,
TOHEBERNERELke SDH iz F R, 8 Moz v v HEE AT,



5 Faiicid. TATA box HEEHNN 4 @z ThBENALEHRICEEL TV,
430 SDH EEEF. ¥/ 440 1 2€E-Tho-ko KIEEEBWPLOHKE TR

EMuehrhITHBET S 2 BOKEED SDH nRNA B, RUN B3 EEHEARICL SO
ThdLERLEL CHoDHERERAELT, F6BTRAI A3 SIE XzFO
REFGHEBICOD VWTEEL L,



= 2 = 5 ° C W Eiic X B v oL e —
v AR TR 3= BE R D B B

— Bt KIREbeRY A - (Y-, VILE - LE) P
Prarno - 208 ERLTHEE - HHRPHELTEMC L RE- T, BHEMEA S
53 & %20 ggic L TWB ( Hochachka and Somero, 1984; Storey and Storey,
1988 )o K U A - NV IT X BME - WaAaMER., ¥V F - ah, @O super
cooling point X FTax ¥ 3 &, fiIlBEToHEHKERDLEIYE, TOoRETHE
GRKEHMMELE I L TEEOND, COHHKDLSEEGKR~DER I &
STy BLFHULBRRKIEBETL, BERcd T st sEBIIhszbDeE L oA
TW5 ( Storey and Storey, 1988 ),

h4a0olRTR, KIEOBHBEMWI 7Y a ¥y e b - g h,
150 nM cWS> HBRETEHEREI NS ( Chino, 1957, 1958; M - T, 1977;
Yaginuma and Yamashita, 1978; Yamashita and Yaginuma, 1991 )o DV M ¥
bP—2rR3A 420G, BERETCEBUYI2WBNOHBOME EBEELENLS .,
BRI Bk % &7 54 ( Suzuki et al., 1983 )o KRB HH QM 2 » HM
D5 CHBIRE>T, YIVEF- MBI )a-ForAtEBEh, Chicfu
VIV E P LEEbATWAESKS, BUHBKEL S, Chic k> T, &1L
FHECERLTRBLAERLEATSE, COBHKOBH R, BFRE O FHB IR
EERNBEREREbOLELALSNSE, oI, KIREBMEHFVWHUIERS WY
Va-FYryRIRBfFoREEERKoBEcCx* v F-HeELTHAEN S
( Yamashita et al., 1975; Yaginuma and Yamashita, 1978; Yaginuma et al.,
1990a; Yamashita and Yaginuma, 1991 )o

Lo kric, hIBEEBMHcs T, v ArvE - VOB ERIE T % %5 HE
BERBURER >LEALLNL, 2T, Y VE - VORHERM S 28 % EE
EFTHLHD, v rEr-ARBPcBEDHS 8 BOBE. aldose reductase ( NADP
-polyol dehydrogenase, EC 1.1.1.21 ). NAD-sorbitol dehydrogenase ( SDH,
EC1.1.1.14 ). Vv EF - ZEHMBAETIBEAOERLB >V THAN R &N
7= ( Yaginuma and Yamashita, 1979, 1991 )o % O B . aldose reductase iE
W, KBRS - K - KEWZELTEHC, BI—-FCHD., Y VE - V%



HmitssMEOELH R, KRG - #K5 - FEMHZEALTHES, BR—-FTH
st Chicx LT, SDH MR, KIRFEK - #HCRB EALEB LA WL
AN, KIEEBEBCHEAL, M ULio SDH DB B Y AE P -V BOFDLDERH &
EHMEFEC IEHELTHE AR LA ( Yaginuma and Yamashita, 1979;
Yaginuma et al., 1990a )o 2 F 0. KIRKITHIHRN THS § "C i & -
T, SDH M BET B &, - T SDH W ick->T v v v+~ AFH P
ENTWVWB I ENREN

FOTAHBETIE 5 'CABICES S EHOHMBMN, BEHEDO SDE & REH
RhoEHBE~ZLZREhdtictdboh, Filcedmank SDE itk 360
it 2>2WTRBRE LA, FR@IUDIE. SDH 2 v s BoRMB i LERIEE FR
T LI 43S SDH ORMBERAS M, SDE GAREMETHL., v rE
P-rR#MFBOPTTC—FBEURIBEI LS, 2Dy v 2 HI, MBETH B C
L KBBLBVWIEHLOoRUBIERCHNECTH > TIT, BB S T
MlRahTwasey Yo SDH w@EB L, #4323,y D SDIE 9 v 2 ol
KREBLA-KRBENGEEST LSOO LEDRED G Eic, HloE v Y0 SDI %
AW, MEZEZER LA, R, CORGNA A 2B HAaRMBL L SDI
ERIET 32 %2R Lk, &5, CofikERMVT, 5 °C THAMLZKIER
KBWT SDH # v oy HBN SDH Ml 2Hobic L, BT,
5 'C DX HSBEEBICEL->T SDH # v s HOLEESHRMBMBENS b0 &5 L
oo



4 dt & Oy ok

gt K #
HABRKBECR, TMEE (B x . FHxHEA) ZH VWA, BRHOHF —

L2 Xat-nic., ERE/-MEZ 2 B & L. 25 "C i 2 HEHFE#HL A%, 5 "C K
HELTHRBE2EEIS L, . KIRoMFicrk, BETH® L, #EKELT

25 "C TR H#E LS ( Yaginuma et al., 1990a )o

BEEaoMH

A48 (0.2¢g) %, 5 FF (V/W ) © 100 nM Tris - HCI
( pH 8.8 ) THE® L. 17,000 g. 4 C 7T 15 MELLTCLEEEEL, COE
HDSH>B—FB%E Sephadex G-25 # 3 4 (0.5 X 7 ¢m; 7 v A= 7 LKB )
K, B FoEERD. BEEKELTHW 1,

B %A o E
BERGEHE IR, NAD & v v b — L EEZBEESRE 30 °'C TRIBDX®E., K&
fuf: NADH B % 340 nm TOMRAEOLENLEZRAMEST 5 LItk » TR Do

BBkl
1. WE2E

MEOWMBBIEL ¢ "C BBk 0°C (Kkt) T -7%o 10 g @ KEHRIP
(5 °C T 300 HRIGAE) »o BB UL AFO (17,000 go 15 4% ) Lilh o,
60 % MAMKE LT BT 20@EEE Do COUBMEDLBDO 20 oM A& &%
( KeHPO4-KHePOs )y pH 7.0 . M & ¥ 7o, Sephadex G-25 # 5 &

(2.5 X 10 cem; Z7 A2y 7 KB, BRFREAEL D 12,

2. Blue Sepharose CL 6B # 5 A 2 w2 ¥ 357 4 —

BmOFoEE. FH 20 oM BEESGHE. pH 7.0, CEHIL L~ Blue
Sepharose CL 6B # 5 & (2.5 X 10 ¢m; 77 =27 LKB ) KEHEML 20 [
LEBBERTA S L2+RHEEL. RRESBEEWOB VWV, H 5 L icBBFL LS
vy H%E 0.2 MNaCl 28 20 oM BB HBH L DBEEL 2, kil

...10-



$8 ml/hr THH. 100l F228BL e 757 v a0 vy HELE
SDH iEM2RAEL e OB DO T 52 v 3 vEHFEDH, 80 ¥ BHIKE TH
Baxg, TKHOBD 0.2 MNaCl 288 20 nM MBMEFRICBER S ¥ 1,

3. Sephacryl $-300 2 2= b ¥ 35 7 4 —

Sephacryl $-300 % 5 & ( 1.5 X 90 e¢m; Z v A= 7 LKB ). T
0.2 M NaCl 2 &€ 20 nM MBEHK. pi 7.0, TEHILLA, LEDY v T
EASasickEml,. BELoEHEcEHEE ko HBIR 12 ni/hr THH. 1 nl
o4 L o

s vy BOFER

Bradford (1976) O FE > 7o HEWMMOFER KR Y v M7 7 1 ¥
TRHOWHhe . BEOHBOBEL LTy vo s HRITBE 280 nm TOW
EXEH» SHEHE L £,

SDE % v ¢ 7 B 5 M © i fH

VIRFryTeFevriclvd S sy ESEHEUTOoOFEEH VT
WML 7o 0.5 g OBF%E 5 f2AF (V/¥ ) @ 20 oM BWEREEE ( pH 7.0 ) THS
BeL, B L%, LEE2EDIie N % Blue Sepharose CL 6B # 3 4 i< » it
ABREDOS v HE+ B LK. 0.2 M NaCl 2 &8 20 nM 8 BB W ©
hobicBREHELILI v 7 BEBHBLAL. ChoERAA4A vEHKTELLERL.
MAEE L 7b oD% SDS-PAGE o HK KB & L TH WL,

Yotk @ 5 8

JLI i &\ Boehringer Mannheim X VA L. MBS ity volFiE
SDH ( 100 g ) ZH WHo F®IT,. SDS-PAGE i £ b, HilHiE S o M %2 3 #
Licé a1 Aoy FosRilanrt-oclolBERtsr0E s 200 1 O
PBS ( 8.2 mM Na:HPO4, 1.5 mM KH.PO., 137 mM NaCl, 26 mM KCI, pH 7.4 )
B L. FBO Conplete Freund' s Adjuvant ( Difco Lab. ) B & Lte <
Bewx | BB TCat A B~y 20 MBI L. BROEH» S 1 8
MgucfFmZEZT W, B LAMBEE 10,000 g ¢ 10 H#BELOL. Bohi kiFsr
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ke LTHWEk, T, My~ 7TLra - VIRRKKEBER ( ADH ) k. RU.
HEBE ADE L. MEELTHVWVAEATNW Fh oW ES % Boeringer
Mannhein # L VB AL TRIKCEHHL 7o

FYTFT 2 INT L FYLES

Native-PAGE & 7 % X3 7 ¥ % B Ww, Davis (1964) o FiFE K - TIT -
726 SDS-PAGE i 12.5 % RS 7 ¥ %2 B\, Laenmmli (1970) o BFE K » CTF

"Jf:.o

IR T oy b

WRkB % Towbin et al. (1979) O HERHE->TH v s HE = b
o~ ZfE ( Advantec Toyo ) KB&KMIK 7w v P LAt COWE 2 % X+ 43
Vo (PBS WER ) thT 30 SMIKRBLAK. 2.500 EicHmR LA v
Y SDHME:2EC 2% R F A I VI BFEBEPT, 4 C C—WIRBL AL, 2 % R *
VIR TES B LK. 2,500 B HBRLA 251 Ty Ly FR
29 R lgh Bk ( Amersham ) 28 ¢ 2 % A+ 4 I v s B cERT 2 W
RB LA BU 2% 2F A3 V7 BBEPTHEPLL, CO=Fotro— 2 EDE
HRLABE. XBR7 Vs EEL, HBEREBLAEY v sy FERBL
oo 3. R GECIRBLU A%, Anmersham blotting detection kit % A W,

VS

i

iwBi® ( Amersham International ) 8 » T. biotin-avidin-7 v H Y 7 4 2
779 - 2RI EL-T, MEBERIELLY v By FERHBL 726

~12~-



5 B

1. 4 aBBd SDH lexd4 sy ¥ SDH ko KIG 4

SDH # » /7 HoBHNE®GHLFAAT I cvic, IOV Ity v
SDE 2fiicAVwWTiie v Y SDE Gk 2ERL L. ity Y SHE ko4 R
xR 5. SDH E—XEELEH 30X HUtodsy v FR 7TV - VIEKR
B% (ADH ) RUEBR ADE L ORIEH %S SDS-PAGE & v xR % v 7T ar s vy

S k> CHAEL K ( Jeffery and Jornvall, 1988 o T OEE. i v vy
SDH fifkid & v ¥ SDH ( 10 ng ) ¢ DA L. 9 < FM ADH ( 10 g ) RU
BERE ADH (10 g ) EREIGLE - (HBREW) o o, COERZTH
BT 27, My B ADH G KRUCHBEY ADE STEEHEB L. SDH & DK
BT, TR, iy <M ADE &Y < IF M ADE ( 100 ng ) & O
ARG L. v Y SDH (1 g ), MR ADH ( 100 ng ) RUMOMML 124 4
I SDH (1 peg ) KWRERRIBLAL -7 (BEREW) o & o LB ADE &
2. BERE ADH ( 100 ng ) L0 AKINL. v = fFBE ADH ( 100 ng ). & ¥ ¥
SDH (1 nweg ) RU. BoOBEYMLAAL 43 SDH (1 g ) KEREKBLEDL - 1
(EREE) o« UEofHER Iy, fie vy Y S i, — XS LB UM o2
5N 5 ADH L RERIEESF. SIH LDARIBET A2 EBHESHIICK - 1o,

Ric, fie vy ¥ SDH itk H 4 308D SDH L ORIGEHIC > W T <1, #
4 2 8@ SDH % Blue Sepharose CL 6B # 3 4. Sephacryl $-300 # 5 4 % B
THZHEE L 2o Sephacryl $-300 # 3 s OFEH % — v % Fig. 1A R L #o
SDH WM. 752 va v No. 101 B, —F&E, >to . 87352 va vic
BT, v xRy v7oy bAHEIT-RLECA, —FRV YR, 7352
2 ¥ No. 101 THoh, Yy 1ro@seiEthoan vy — W < —FHLTW
fo ( Fig. 14, B e

Esic,. —FEHEHOMCABONT No. 101 O35 27 v a5 vddh%HWLT.
7 % Native-PAGE 21T -7t BH—H K% 8 v—- v kB LEBE. Y¥LrE2qEhZFhH
MR eVl B 1 OVv-voXarid, SDEHERORNEICH W, # 2
DV —-—VYDFNVE, 9T R v7 29543 HicH vk £ 3 OL— vy

Vit 2 KT EHD SDS-PAGE WHIVWAE., ES5KRY T X5 VT ouys a4y 3K

..13._



4 INDem

1 oo
L BT L T L

-------------------------

Fig., 1 Sephacryl S-300 column chromatography of Bombyx SDH.
(A) Profile of protein concentration and SDH activity. (B) Im-
munoblotting analysis using anti-sheep SDH serum. The eggs (10
g) were used as the starting material after chilling at 5°C for
300 days. Fractions containing SDH activity after Blue
Sepharose chromatography were concentrated and then applied to
Sephacryl $-300, Fractions (1 ml) were collected at a flow rate
of 12 ml/h. In (A), A. 280 nm (++Q++ ), absorbance at 280 nm
for protein concentration; A. 340 nm (— @ — ), absorbance at 340
nm for SDH activity per 1 h/50 u 1 of each fraction. In (B),
biotin-avidin-alkaline phosphatase system was used for immunos-
taining.

_14_



% -7 ( Fig. 2 )o Native-PAGE # @ SDH EH R, BRkHR O TV EHA
pokEE e S5on MBTUKL., ThthoY 1 2BEERELLTHWS L&
itk - TRH 7o SDH iEHE X Native-PAGE o ¥ n LTk, Rf fH 0.17 - 0.21 O
W@y st ((Fig., 24 )o Native-PAGE O v = X% v 7 w2 v 5740 ¥ IT
2. Rf fH 0.21 ey ¥ SDH A ERIET 2 v FRH &S h L
( Fig. 2B )o C @ Rf fHR3EH 0O o RI fHE KL TWih, 2 XKLHK
SDS-PAGE %2 T Ak TRy v 7oy 74 vy LlifRicbuvTiRr, 2F8#
36,000 ORI B ERIGT 522K o F BHERE A ( Fig. 2C )o
DEoEgERLo, ity Y SDHE ki #4208 SDH 2B d 3
#14ad SDH 3 36 kDa O R Y RT F FLX UK B I &EMRWEH L,

(&
Ay
s
G

2. 5 'C M ERBRIBic B iF 5 SDH itk L SDH # sy Tk o &

KRIEBZET® 2 HLb §°C lkmBLlL. —EWMEkecy v 7Y vI7L,
SDH G ORI E L vy = R g v T vy F a0y 7 alEiTorfo EHEEAM 44 HF
TRIEh AW, il s Hic@MBHEL, lEmBiMeE s b LR L L
( Fig. 3A )o —H. ET® 25 "C THR#ELE T LKW I, SDI A3 R &
AEBRHEINT DL - (BREEE) o

SDH &, B TdH % 7% Blue Sepharose CL 6B # 3 &% W T SDH % v »¢

sESBEE BB LT, SDS-PAGE % v 7 (1 v—vYi0 15 ng &Y
MY ) ELlko kY Y SDH A ERIEST 245 T/ 36,000 Dy »vovoH
( Fig. 2 M ) B, W& 54 HE O BRWM&h ( Fig. 8B ). LIEABWRE & &
blc Y FORBERBEMULL, —H. ETH® 25 C CRELETLBHBE., ey
Y OSE K IERIET B2y FRBRHTEN > 70 (BREBK) ,
LDEDHERID, SDH iEth o0& ik, SDH # v 7 BoBiclPl L TWw 3B C
EWRENTf, 2F D, BRICL > THET 2 S EHOWMB L, SDH 5 » /¢ 2
BOoOAGRICL>TbhosEdhd EHFEWEEH L,

..15._
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BDH activity (A 340mn)
&
B

™

)

Fig. 2. Analyses by PAGE and immunoblotting of the partially
purified Bombyx SDH. SDH purified partially by a combination of
Blue Sepharose and Sephacryl S$-300 chromatography was loaded on
the three lanes of 7% native-PAGE gel. After native-PAGE, the
three lanes were cut into each strip. Each lane was used for
the following analyses. (A) SDH activity on 7% native-PAGE gel.
The gel strip was cut into each 5 mm piece from the origin to the
front. SDH activity was measured as described in the Materials
and Methods, except for use of gel piece instead of enzyme solu-
tion. A. 340 nm, absorbance at 340 nm per 1.5 h/one piece of
the gel. (B) Immunoblot of 7% native-PAGE gel. (C) Immunoblot
after further analysis for 12.5% SDS-PAGE. Biotin-avidin-
alkaline phosphatase system was used for immunostaining.
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» @
v v

SDH activity [ mol/min/mg protsin)

Ol_A i L 1 L
™S « &0 80 00 w0
Days after oviposition
®)
'-
21 28 48 56 68 78 88 Y5 1%
Days after oviposition
Fig. 3. Changes in activity of SDH (A) and itensity of SDH im-
munolabeling band (B) in Bombyx diapuse eggs exposed to 5°C from
2 days after oviposition. The eggs were chilled at 5 °C from 2
days after oviposition. In (A), each point represents a mean of
two separate experiments * range shown as vertical bars, In

(B), each sample, corresponding to 75 mg eggs, was applied to
12.5% SDS-PAGE after Blue Sepharose CL-6B column chromatography
(see Materials and Methods). For the immunolabeling, an anti-

mouse IgG labeled with !25] was used. The same applies to Fig.
10.
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3 EZ

Hoew Y SDH AN, 74 3080 SDH 28BWMT 2 EMNPEL L -, &
OIREERIG LI A 3D SDE @G, 5 F8 36,000 04 T 2= P oKSBIE
BRE&Nk, COFFRE, YYD SDE O¥ 7 2=y bOsy TR 38000 ¥
HlLt-AK&&TH > ( Jeffery and Jornvall, 1988 )o C Dtk % A\ T KIR
EEHics s SH 2 vy 7 HBROZHEZHAL., SDH EMHOoEH LHEBL o
TOR. S 27 HBR, SDH oM as &L —HLTWA, COCE
kv, SDH BHOHBE I S 2 v 7 HOoEAMICHKELTWVWS I LBREX
htco 2E DL 5 "CHBIKELD SDH EHEOHBRE, SDE & v 2 Ho k&K
HKILbDTHBIEHRET N,

KBRd, L3, BEBHPOr I s W CTR, sy 7 HBOLEW I,
Lowry # % Bradford B X 2 ® % SDS-PAGE ¥ Vo o — = v - QT &
AERDLLARVORDMO & (- BB, 1986 ) HCH v E ALk ¢ a0 L
7 3V BOMYiAHD ( Sonobe and Odake, 1986; Sonobe, 1989 ). & % L i,
£ RNA 2 W/ in vitro IR BRI K B9 v e 7 HEKD Vv~ ( Kurata et
al., 1979; /pdk - BIVB, 1986 ) BV T b, KIRIKEIZEH I I LALRB &
hTuwilv, FLBRERERHOELTR. TYNVNZIZRFS - ¥D1fHTHSx2¥F
55— ¥ Ay OWEWHGKIERZ 5 °C T 2 AEMET S CEICLDHBEYT L ER
ARENTVED, CoFdEoHREILERE Lo FUHR CEREINL DL I LITL-
THELA LM —-RENTVWEDOAHTH S ( Kai et al., 1987 )o

¥ 7o, Hyalophora cecropia & Philosamia cynthia @ {KHEf
Eurosta solidaginis O#MEXHHicBT b, EBICE > THEYU A - 4P F LA

- ZHNERML. MEOMKIEH ( Glycogen phosphorylase, Hexokinase.
phosphofructokinase % ) B KT A EBHMOoNTWVWBE, WFhoaicsuw
TH, COoOBEFEHOMRKR, BETIHEOEMERILICL »TEL B I & BRE
T TW3B ( Ziegler et al., 1879; Storey and Storey, 1981; Storey, 1982
: Hayakawa and Chino, 1982a, b )o CHiXH L. AHRICEWT SDH 5 v /%7
Hokagms, 5 ' C OBRBERICL - T, HitCHMEash T b &ENRE NI,
FhTik, SPDH 2 vy 7 HOEARBBREILABCEEoLWFho L XML
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WTHEHINTVWE2DTHAEIN? HEEOLXAVTHBHT IR TVWEZDOTH L.
5 "C WBIT&L>T SDH mRNA DGR BB I NE EEALONE, T/, BHRoL
SNNVTRESIATVL 20 THOE, WERBWMIc &SR & i SDE nRNA b 8 #
nRNA S LTHEeRFSO, ARFMIEPH DA TEEFRBELAATVS &£ X
b b, TITHRETIHE. SDH nR¥NA X4 2 cDNA 227 o — v L., T D $DH

cDNA % 7w -7 &L T SDH mRNA 2 F B L. SDH mRNA B A5, SDH % > .¢ 4 H &
EHBLTEHT A2 b0 EIIc>VTREL -,

_19-



g 2=

1. BaxhfceyyD SDH HOVWTH SDH a2 ERIL. ComELH A
20 SDH 2B+ 5 & %2R L 1o

2. #4230 SDHE 5 s BDOY Ta=y sy FRIE 36,000 Tdh > fo

3. 5 °C WKWHB LUK SPH iIEH LB/« % — g, SDH # v ¢ 2 &
BoZ#Ho sy - vic—HLTWih,

4. PlEo#ER I, 5 "C ABICL - THBE T 25 SDH iE¥ SDH 2 v /v o
DHEERICE>TbEoE&NB ENRRENI,
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2 3 = 5 ° C s Eic X B v o & — v
Ase 7k = B¥ 3= 38 = T D R EH

F2ETHEH. A 43PBD S 2BMFT 5y y SDEMEZHBWL, CoD
fEExBHwT, KEEWIRBEWT §"CHRHICE-> THHRT S SDH H#EE. SDH #
v ) HOESERIKE T oENBILERLLE, £IC. AETR SDH %
v s ok PEEFLRBROVWTFhOL XA THBEIA TS DhICD W
TR LK.

FFL 5 CHABICHES SDEHnRNA BoZEBH 2P ET 2D, ~A4 T Y 54 €
~vavoTue—-7Ed 5 SDH cDNA 2HBWST 5 & & Lo HIHTHWL LN
ey Y SDH itk 2R VWT, 24 afhdiEli&o poly (A)" RNA DS fER L &
cDNA 547359y —-%X2Y—=vs7 LT, SDH cDNA 2 HIBEL. C @ cDNA D
BEEMNZ2RELCT, 7TI/VBENEHEELL, * T -4 - FDOFR, #1402
SDH cDNA S HEE LA 7 ¥ 7 BE &, WAB O S EHMHEMELE W & WY
MmE sfeg SD cDNA 2R WE, Wy Tar g vrrdkEtfld reverse
transcription-polymerase chain reaction ( RT-PCR ) ki Xk © . SDH mRNA
OFEBEHEEBE LA LA, A4 3 SDH mRNA . A 40 - 50 HL o m&HEL, L
REAEZMPMOoMME L IHMLA, 51, O nkNA OHHNE B 3 R/E
AR T, EMR. BEico> WTH AL AL SDE nRNA & E OB MM )
BT 2 &EHEhEN-7o ULOERID, iy Y SO HiEHOVWTA A3
@ SDH cDNA Z BBt LaC &, e, SDH 2 vy 7 BOAGKBEE L XV T
HAEiEhTwa o EBREN T

_21._



*= ¥k & 5 ok

it 3% # K

HABESECR., THE (BHExEA) tHVWA, REXEA S 3 0.
BESIERI 26 & Lo BFORKBREIUTOLI WHRBI L-» THE L Lo
(1) REE# K : ETHRER LT 25 "C k. (2) KIRREME: ETH® 2 Hb» S
5°C KB Eo

BF, M, RUBEWE OB

5 °C T 104 HMWB LAKIRIFEBIICH Vo HEPHMB T T8V &I
DE Y2y PEHAVTHAEERIE (0.75 % NaCl ) T, BF ( EEES T ).
DR B M. MR 4 i o

ey Y SDH AW ED cDNA 53 AT 5 ~ DAY Y — = vy
4 & 2 HohholEMidkxiid 8 HE DWW D poly (A)* RNA X L EW L £
Agtll ¢DNA 3 4 735 Y —% 227 Y —=vFiclHWwhke A {ELY v~ Y%K

BB YI090 KRB IR TSI -7 2REEhe COT S5 -2 IKF%H 10 oM
IPTG THAHE L= trte e - Xf@EEST, BMELRERALALY v HERFX
o COBRE 2 %RAFLI NV (PBS B ) PTERT 30 SHIRBL
fotg, 2,500 e mRLAIE Y Y SDH MBE2SCELCBBEPT 4 "C. — Bk
BLfo 2 ¥RAFAINIHETE b e - 2B EEBL. BT [P0]
CTEBLA Y FH v o R 156 FA (T4 KBa/20 nl; Amershan ) B & G Uik
PTERT I BUEREBELA, BHho 5 - 2@ NLLEY »y -2 HUKBH
KRBRRESE, R27 Y -2 7 2B0VELE, CORBERTRTOT 5 -7 Btk
KR BETHDODREL 2o

F

cDNA DIFEHE T D RE

| so—-v{bLIHMBEAEY » - 9% BeoRl TYIBT L. B SN cDNA 4 » 4
;}- F% M13mpl8 X2 % — ( Toyobo, Tokyo, Japan ) O = AV F /v — = v 744
»A.g}PkH:é')Za EcoRl VIWi & f1ic 5 4 % -~ v 3 v+ o + ( Takara, Kyoto, Japan )

-22...



EHOTHESEL o Mi3npls cDNA HIBXA K& JNI03 oa v EF Yy FHlIlAERS
L. BH&EHBELA IMI03 2> Y5y PIEBER . EEHEBE LMK E IMLI03
LEGEBIcEET LI LIcLy, HRAE M3 7y -YD7 35 -7 2RS¥,
HigAk M3 77— YD RF ( replicative form ) DNA 2FH L £

( Sambrook et al., 1989 )o ¥ v -2 x v 2HF+ Y —->a ¥y b

( Takara, Kyoto, Japan ) 2H W, A0 F 4+ YV —-va ¥ ¥ a—4% v+ cDNA
ZHl A AN MI3mpls 7 7y - P EMEEH LA, RSO T y - VD 1 K DNA %
HEL,. choxyrvyFr-trelTyv-27xvaRIBEHVE, v—-2x 2
R I d Sequenase ( United States Biochemicals Co. ) ZH W, Y F4 % vk
( Sanger et al., 1977 ) i &, DNA & - b v -2 2% - HWTH » &

( ABI model 3704 )o % fc—R¥&E 2. GENETYX ( SDC software develop. Co.,
Tokyo, Japan ) ic XD HE L £o

J =¥ v Fua .y bk
1. Fdnva7nrFe FPYLVvEBRAEKBEFr It o i~

% RNA & Kobayashi et al. ( 1988 ) OF HE IR VWY = / — WEEIL K » T
MM LA & RNA (830 g ) i€y 2.0 gl @ 5x MOPS, 3.5 1l @
formaldehyde. 10 u£ 1 @ formaldehyde gel-loading buffer ( 50 % glycerol,
1 mM EDTA. 0.25 % xylene cyanol FE ) #MA. BAKBHHRE &L L o 2.2 M
formaldehyde &8¢ 1.0 § 7o -2 vae WL, BAkWEdEg ( 1x
MOPS ) IC® LT 5 V/em, 5 M7 v s Lk, EBEZ&HEML.

8 -4 V/ien TEBRAKB L, kBIE O VD25 RNA 29 42 i ( Hybond N°
nylon membrane, Amersham ) iC#z B L 7o B I, 0.5 M NaCl % Vv v ¥ 4 ~
TNy 77y & LTHWYW, EMERRLERAT S HIETIT » o

2. T wv-7 o0

cDNA 288w LT, [a-7%P] dCTP ( 1.85 MBq ) Vw3 v ¥ a7 354 =
— LD [PP) CHEBLALAN TR LA FFEEBL . KIGE. Randonm
Primed Labeling Kit ( Boehringer Mannheim ) Z H W TiT - 726

3. N4 T YT AL E- Y3 v

RNA 2 7oy b LicF A0 BRI v AT Y I 4 ¥~y a vikik (5%

...23..



SSPE. 50 % formamide. 5x Denhardt’s reagent. 0.5 % SDS. 10 mg/ml salmon
sperm DNA ) i@ L. 42 "C THHLC LS IHHEA Y+ a~x— LA, LA
Y L4 E - v YVEBREROVBOUAEE, Tt TS A€ - v VBRI
[%2Pp] TiB# L& DNA o —F ( 2x 107 cpn/d ml ) ZMA ATV F4E
— v s vEBIFAI O rEERL, 42 C T 12 B4 v¥Fax—- LA, 4V
$aR-—FEFI e R, KEEBETBLY 100 n]l © 0.1 % SDS EH L 21X
SSPE Ak ici @ L. 42 "C T 15 HHIRBL L, COBREZ2HEBEOHHEL L, &5
IZ 200 ml @ 0.1 % SDS & 0.1x SSPE AL, 65 'C T 15 SMik#
Ltco COBER 2 BBELVERLL. BFEKF 10 vREEL - PSS PF T 57 4 -
KHW, RIBLE Yy FERBLU K,

RT-PCR &

EAM icid. Dallman and Porter (1991) O HF#E W » Cir» o 1 ng ¥
7ol 0.2 pg @4 RNA HEE2 R -~ 22 Uy F F ( RNase H™ reverse
transcriptase, GIBCO BRL ) €& 3 7 » — X F X k5 ¥ F cDNA DEEKICH W,
CD cDNA DA B, 1/4 BAE PCRIEMALAL, # 4 2ad SDE KBRS S5 4
v - & LT, 5 -TACACTGACGAGGAGGTTGT-3". MR T, 5 -TTTGCACGTGTATGAGTATT-3"
( Fig. 5, FATFH ) TH W, WEa&hn s 376 bp ® PCR W%, 7THw — 2
TAVBRAB LK., 10 vBicEB LA, O PCR EVMoRKRBIcE[PIT
NN L7 5 -GTGGAGCTGCCGCTCACA-3" ( Fig. 5, ZHETFTH ) 27w -7 IcHL
T »feo o ~F it 7Y 54X L1 PCREVORBIENE OB & BB
B 4 A=Y 7+ 35 44— BAS 2000 ( Fujifilm. Tokyo. Japan ) ZH W<T
fTo7co PCR EMIB O log iR, 27T Y4 7 v cHEHBENCHMMLALOT, AE
BTE. 25, £/, 2T ¥4 7V ERWT, PCR 27T » #co SDH LI HEK 2 %3
DHMMBMELT, HBEE7 7 F v oW TORMOBIESRIT 7o 727 L. PCR @
FYT - PR, 1/20 BO cDNA ZH \Wio PCR D7 5 4 = — iz id., 5 -ATCA
AGGAGAAGCTGTGCTA-3" & 5 -CACTTCATGATGGAGTTGTA-3" % AJ\ 7 ( Mounier and
Prudhome, 1986 )o PCR EYORM Db D7 v — Fic ik, 5 -GCTATCACCATCGE
AAACGA-3" ZH\Wiho 72 F D PCR EWMO log ik, 20 4427 AV THBEN
KHmLDT, AEBTWE. 18 ¥4 70T PCR %47 » #20

~24-



3‘/‘!‘:&“1”5%8’”[

v — 4 x v XAREWrid. GENETYX fast homology search ( SDC software
develop. Co., Tokyo, Japan ) % {# - /= FAST program ( Lipman and Pearson,

1985 ) i & . NBRF B U SWISS-PROT D % v o B F -5 N2 DYV 7 b9 <
7%%@‘??‘?'0?‘:0
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e S

1. SDH ¢cDNA D 7 u— = vy 7 LHEBERYORE
Ty HIc, 8§ HEOWPERHOCTHERLA cDNA 54 73 Y — ( lkeda et
al., 1991 ) @5 B, 1.8x10" oMKz ltky »r —viextL T, ik spi

MELTHOVTRI7 ) -2 7Tl LELBMEEZe - 3@ SsHAho- o,

Kic, BBL 0¥ 10 5 SDH OGS VHH D& ( Fig. 13 B ) © cDNA
54 735 1Y~ ( Fujiwara and Yamashita, 1991 ) © 3 5, 1.2x 10° {# @ #l #%
A7y lLTR7Y =2 72T, 1HOoBH I - 285 &h
T&flo CD cDNA A VY~ FPORESWR, 7Ho - 22X VBAXKBOBHEHD S,
1.2 kbp LHESN Lo COKREEISHFHR 36,0000 SDH 23— FLHBBZKE
ETH b, cDNA ODHIRBAMRRY v -2 2 v 2 X35 F Y~ % Fig., 4 2R
Lo “— 27 2 2ZDFER, cDNA OFE &3 1089 bp TH . 5° & 8 K
REBLTOWR, CORBBHREMH> . SIH KIZFE2 27— YL, 2 20 %
YT 754 = - (Fig. 5. L# ) 2H VT S #ifsFo—Hoy - 2 xvx%
T (BEHEEHW) . TOER, LILO cINA @ 5 KO BRBLG » 5 +

=Y2FrFT, RO RKMMIBMRARBIL2F s, FhEFL, 5, KU, 3
MRS SRBTODEEBWELEL >4 ((Fig. 5o FHEN:MRME 4 +
A=A FryED Elici@ET S CAMG B, ¥4 23 v s oz tHESH
TLLIHMAMBEAF A= v ProLfcMBY 22 v+ % 2K

( Cavener, 1987 ) & —H L T Wi,

2. A3 SDH EABOIFE SPDH & o kg

CCTHOoN, cDNA OBRMEIZ 348 WO 7 I/ BET -~ FLTEBDH, 4
YN HDOY FHIE 37,158 CHE SN, SDS-PAGE KD HE L /2 SO O % 7 2
= PO T 36,000 WHEMLTVA ( Fig. 2C )o cDNA OB £ b HF

ENLT I /VBMEFIBFES S % - F O R, zinc-containing long chain

alcohol/polyol dehydrogenase 7 » 3 Y — & L ( Jeffery and Jornvall,
1988 ). WA D SDE 3 LCHBEMNGE» - 1 ( Fig. 6 J)o £ T, If
LB SDH © Bombyx homolog % H 7 Lt Lt # 4 o SDH © — iR Ki#& iz, &
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200bp Hinc Ii
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Fig. 4. The restriction map and sequence strategy of c¢DNA for a
Bombyx homolog of mammalian SDH. Although for construction of

the map, various restriction enzymes (BamHI, EcoRI, HincII, PstI,
SacIl, Sall, Smal and Xbal) were used, a site digested by HincII
was only found in the insert cDNA. The arrows indicate the ex-
tent and the direction of sequence determination.
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-5 GCAAG -1

1 ATGACCGAGAACTACGCTGCTGTGTTACACGGAGCCAACGACGTCAGAATCGAGAAAATT 60
1M T E N Y A A V L H G A N D V R I E K I 20

61 CCAGTGCCCGAGATAAACGATGACGAGGTTTTAATAAAGATAGACTGTGTCGGCATATGC 120
2t p VvV P E I N D D E V L I ¥ I b C V G I ¢ 40

121 GGTTCTGATGTCAAGTTATACAGCACGGGTACGTGTGGAGCGGATGTTATCGACAAACCG 180
416 8 D V E L Y S T G T C G A DV I DK P 60

181 ATTGTCATTGGTCACGAAGGTGCCGGAACTGTGGTCAAGGTAGGAGACAAAGTAAGCAGT 240
61 1 v I G H E G A G T V V E V G D K VvV § s 80

241 TTGAGAGTGGGCGACAGAGTGGCAATAGAACCGACGCAGCCGTGTCGGTCCTGTGAGCTG 300
8T L R V G b R VYV A I E P T @ P C R 8 C E L 100

301 TGCAAGCGAGGGAAGTACAATTTGTGTGTGGAGCCACGTTATTGCTCCTCGATGGGCGCT 360
101 ¢ K R G K Y N L € V E P R Y C 8 8 M G A 120

361 CCGGGAAACCTATGCCGTTACTACAAGCACGTCGCCGATTTTTGTCATAAATTACCAGAC 420
12z P G N L C R Y Y K H V A D F C H K L P D 140

421 AATCTAACAATGGAGGAAGGGGCAGCGGTCCAGCCGCTCGCCATCGTCGATCCACGCCTGC 480
141 N L T M E E G A A V Q@ P L A I VvV I H A C 160

481 AACCGCGCCAAGATAACTCTCGGATCTAAGATCGTTATCCTTGGGGCCGGGCCTATTGGT 540
161 N R A K I T L G 8 K I VvV I L G A G P I G 180

541 ATTTTGTGTGCTATGTCGGCCAAAGCAATGGGAGCTAGCAAAATTATTTTAACAGACGTA 600
181 1 L C A M S A K A M G A 8 KE I 1 L T b vV 200

601 GTTCAGTCACGCTTAGACGCAGCACTGGAGTTGGGAGCTGATAACGTCCTCCTCGTCCGT 660
20 vV Q 8§ R L D A AL E L G A D N V L L V R 220

6681 CGGGAGTACACTGACGAGGAGGTTGTAGAAAAAATTGTGAAGTTGCTCGGTGACCGCCCE 720
221R E Y T b E E V V E K I V K L L G D R P 240

721 GATGTGTCAATCGATGCGTGTGGGTACGGGTCGGCGCAGAGAGTCGCTCTACTGGTGACT 780
241 b V. 53 1. D A C G Y G 8 A Q R V A L L VvV 7T 260

781 AAGACAGCGGGCTTGGTGTTGGTGGTCGGCATAGCTGACAAAACGGTGGAGCTGCCGCTC 840
26l K T A G L V L V V G I A D K T VEIL TP IL 280

841 TCACAAGCGCTGCTCAGAGAAGTTGACGTTGTAGGGTCCTTTCGTATTATGAACACGTAC 900

2808 Q A L L R E V D V V G 8§ F R I M N T Y 300

901 CAGCCCGCCCTGGCCGCGGTGTCCTCCGGGGCCATCCCCTTGGACAAGTTCATCACTCAT 960
301Q P AL A AV 8 S G A I P L D K F I T H 320

861 CGCTTCCCGTTGAACAAGACCAAAGAAGCACTGGATTTAGCCAARATCTGGTGCCGCCATG 1020
321 R F P L N K T K E A L D L A K S G A A M 340

1021 AAAATACTCATACACGTIGCAAAATTAAAMCACAGTTTCATAACAAMATCCTTGTITTIATT 1080
341 K I L I H V Q N * 348

Fig. 5. Nucleotide sequence of cDNA for a Bombyx homolog of
mammalian SDH (BmSDH) from larval fat body and the deduced amino
acid sequence. The nucleotide sequences supplemented with
nucleotide sequence of the BmSDH gene are underlined. Stop
codon (TAA) is starred. The upperlined sequences were syn-
thesized as primers for determining the missing regions of 5’ and
3’ ends from a genomic clone. The dot-underlined sequences were
used as primers for RT-PCR analysis. An internal
oligonucleotide as a hybridization probe for RT-PCR is underlined
double.
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BmSDH:
S SDH:
R SDH:
H SDH:

BmSDH:
S SDH:
R SDH:
H SDH:

VVKKPMVLGHEASGTVVKVGSLVRHLQPGDRVAIQPGAP@QT'
VVKKPMVLGH&AAGTVTKVGPMVKHLKPUDRVAILPGVP

BmSDH:
S SDH:
R SDH:
H SDH:

L .
BmSDH::
S SDH:
R SDH:
H SDH:

BmSDH :
S SDH:
R SDH:
H SDH:

BmSDH : -
S SDH: FRYCNTW?MMSMLASKSVNV_

R SDH: FRYCNTWPMAVSMLRSKFLNV

H SDH:

BmSDH:

S SDH:

R SDH:

H SDH:

Fig. 6. Comparison of amino acid sequence of BmSDH with SDH
sequences from livers of sheep (SSDH), rat (RSDH) and human
(HSDH) . Residues conserved in at least two species of SDHs are
shaded. In the case that the conserved residues are divided
into the two groups, only the group which contains BmSDH is
shaded. The residues conserved in sheep and human liver SDHs
and 16 species of ADHs are indicated with closed circles (Jeffery
and Jornvall, 1988; Karlsson et al., 1989) . Residue numbers

are indicated on the right side in BmSDH and each mammalian SDH.
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2 ¢ ( Jeffery et al.., 1984; Karlsson et al., 1889 ). 5 » b ( Karlsson
et al., 1991 ). & b ( Karlsson et al., 1989 ) HF A SDH o — X W& c L
T. #0h#Fh, 47 % 46 % 45 % OMEIMKER L ko /. KEBHE Threonine
dehydrogenase ( TDH ) ( Aronson and Somerville, 1989 ), WP A ADH

( Jeffery and Jornvall, 1988 ) X LT, Th£h, 28 % 26 - 27 % HE
MEFTiICEEE e A4 2 SDHE &, WHRME SIE SWMHBERY I V7BE., £
Eicbt->THRostfo ( Fig. 6 )o F 7o zinc-containing long chain
alcohol/polyol dehydrogenase 7 » I Y —ic#BLTHEHEL TS, MK
NAD ©EH K BHERHENOESE, MU ZXHEEXKOALDKEERTH L LELS
hTws 22 o7 /7805 21 o7 s /7BIEAN 423 SDH CObRFEINT
W7 (@ in Fig. 6)o L L, HREHTHE 2V VE - NVOEGCHMDLBZ EEX
SHTWwWBA7 I/ 11 o555 6 MHH 43 SDE CIREBL TV ( Table

1 )o

3. 5 C AEBEKIERIcBIT A SDH nRNA B oL T
Cp T LA A3 SDH cDNA 2T e - TF BV, s -y T ey bikic

Xo-Ts 'CHEBETDOH A KIEIED SDH nRNA ORI 27> /o 1.2 kb D
mRNA A5, 5 CC /4@ 30 - 111 HoKIE cRMBE &4 ik (right half in Fig.
Tl CORIE, cDNA ol EsNIRIE—FHLTWE, LML, 25 "C i
BFERECKIERICBLWTR, Yo -V ERBTENNYFREBEEAERBE RGN
> 7 ( left half in Fig. 7 )o 2% b, MBI XD S M= FORIANE
NHEEEZLNDE, 25, SDE EFORBACI, 5 CABBMSMAELET
55 EERED RT-PCR XM VT SDHE nR¥A BEZMEFT S Lt k- THA
Lo T O R, SDE nkNA Bz, A B 10 BEH S 30 HCRIEH LR Wi TE
F-—FRBrhT AN, BB 40 - 50 B oLy, LB BEBM Y
WU ( Fig. 8A, B o D¢y — vid, SDH WM KUY SDE 7 v /s BRO
8oty — v (Fig. 3 B )L L —HLTVWie 72 F v nRNa B2, &
CEBYWHMPRE—FETH->7 (Fig. 8C )o Lo RIZ, » 4 23 SDH HiETF
DHEBICIE, 40 - 56 HEO 5 "C BBHPLETCLEEE2FLTW 2,
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Table 1. Comparison of amino acid
residues which are thought to
interact with sorbitol.®

* This comparison is based on the sorbitol
dehydrogenase model (Eklund et al., 1985).
P Numbers refer to the horse liver alcohol
dehydrogenase amino acid sequence (Eklund
et al., 1976, 1981). ° These numbers refer
to each SDH (Jeffery et al., 1984;
Karlsson et al., 1989, 1991).

Residue no.” BmSDH SSDH RSDH  HSDH

46 Cys40 c Cy543 c CYS“ c Cysd.'! c
48 Ser*? Sser®™ ser' Sger®
52 TyrY  Tyr®  Tyr®  Tye®
57 CysSz Ile® Ile®® I1le®
67 His® His® His*  His®
93 Pro”® Pro®™ Pro® pPro”
116 Tyr'** Phe'” pPhe'® phe'V
141 Gly'® Pro'”? Pro'”® Ppro'?
174 Gln*™!'  Glu®™ Glu™®  Gilu'
294 11e?” Leu? Met? Leu’”
319 val® Lys:w:; Lyszad LySZ”
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Days sfter oviposition

BT 5

01 2 25 emMEITN R Qe NRD

)" g s —me

Kige T Northern hybridization analysis for gene expression of
BmSDH in diapause eggs. In the left half, the eggs were in-
cubated at 25°C continuously from oviposition. In the right

half, the eggs were chilled at 5°C from 2 days after oviposition.
Each 30 u g of total RNAs extracted from eggs with various stages
was applied to 1.0% agarose gel. The RNAs were hybridized with
radiolabeled cDNA for BmSDH.
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(A)

Radioactivity

0 T T v T T e d T
0 20 40 60 BO 100 120

Days afller oviposition

(8)

= BOObp
- - = 4D0bY
= 300bp
0 W 2030 40 50 70 W
Days after oviposition
(c)
. e e - - - - Actin

0 ¥ 20 30 40 50 70 10
Days sfter oviposton

Fig. 8, RT-PCR analysis for gene expression of BmSDH in diapause
eggs. RNAs were prepared from diapause eggs exposed to 5°C for
various periods from 2 days after oviposition. In (A) and (B),
using each RNA sample (1 ux g) the first stranded cDNA was syn-
thesized and used as a template for PCR (25 cycles) with primers
for BmSDH transcript. The PCR product was electrophoresed in an
agarose gel, blotted and hybridized with a radiolabeled internal
oligonucleotide (see Fig. 5). (A) Quantification of the PCR
products for BmSDH transcript. Each point represents a mean of
the duplicate experiments (each SEM was within 6%). (B)
Autoradiograph of the PCR products for BmSDH transcript. (C)
Autoradiograph of the PCR products for actin transcript using the
same RNA samples as for BmSDH transcript. The amounts of actin
transcript in the eggs were at almost constant levels throughout
the experiments. Molecular size makers were co-migrated.
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4. SDH mRNA O BB &

Kic, KIREBEMHO SIH nRNA BIIHOECTRRLTVWE A2 HS hic ¢
HlHic, 5 'C T 104 HEKBELABPEREHL T, BF (XEBE23C) . K
Mia., MBEcod, ThEh ke RNA 2HIH L. RT-PCR &9 H v g 7y 5
1€ - va v EfFT-fo BRALLW 1 % pD4S RNA B2, LT’ 0,534
£0.006 g BEF T 0.105+0.003 g, GFEMM T 0.099+0.003 4 g. U
BT 0.1174£0.009 2 gTHo>to MFEMBI. BB ICE » TIEIZTE4 1[I
SN, PHMABE., FERABE KD EIBLCLE > A B TEENT 3 C &
REHTH > 7co SO, BERMIMOL RNA Bz, HhicREOE LD b b7
(HftshTtvwabolEions, tcc. PBEMBIDOH DS RNA B iz, 59
2HOE RN BLOETFOL RN BEMROSL RNA B2E LI VA TH B
REST L. 0812 pgb REMB &N TE D, CORMICT » &L 1 il oG8 24 v
D SDH © RT-PCR EEVI QKM IEME 3. LK T3 17,096 cpne BT Tk 464
cpm. IR BTARAL C UL 5. 345 - 16,843 cpm ( 0.009 - 0.312 g © RNA ft i M5
) BT 347 com LEEEND, Fh, 4 RNA Mo T HZ & SPH @
RT-PCR EEMI O M B iE v 3. O 26T 6,403+ 793 cpn. AT T3 883+ 45 cpm.

DR MM T 10,797+ 5,053 cpm. MM TIE 594+ 356 cpm CTdH » 7F ( Fig. 9

Jo DF 0. FEMM D SDH mRNA £ i3 . B BB D SDHE nRNA B L 032y
DT K 10 - 40 &, 42 RNA B4 DT 10 fEEWVWEELON D, B,
77 F Y nRNA DWW T b RT-PCR 21T & A, T2 F 5~ nRNA IR i B
HLTWR (Fig. 9C )o
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Fig, 9. RT-PCR analysis for localized transcript for BmSDH in a

diapause egg. From diapause eggs (10 individuals) chilled at
5°C for 104 days from 2 days after oviposition, embryos, yolk
cells and serosal membranes were manually isolated. In (A) and

(B), RNAs were prepared from each sample, and 0.2 u g of the to-
tal RNAs was used for RT-PCR analysis (27 cycles) with primers
for BmSDH transcript. (A) Quantification of the PCR products
for BmSDH transcript. Each vertical bar represents a value of
SEM (n = 3). (B) Autoradiograph of the PCR products for BmSDH
transcript. (C) Autoradiograph of the PCR products for actin
transcript using the same RNA samples as for BmSDH transcript.
The actin transcript was abundant in serosal membranes.
Molecular size markers were co-migrated. 1, whole eggs; 2,
embryos; 3, yolk cells; 4, serosal membranes.
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= B/

AETir, ity Yy SDH k2R WT., » 4 3 SDH ¢DNA %2 27 v — »{L L.
HEENETRELA, HESh A —REER, WABED SDH L TH 50 %
HEH 2R Lo NAD L EHOESES. RUZKHEEODEKCERELEZA STV
537 I /BRBBEHEEIOATOVLEN, YyAE P - AESGEEbLLIEELSATV S
oW 27 I/BICIBERNNAShI, COBROPTLEDT I/ BEMHE
BOoOvArEF-VOHEALEELTWEDL, SOBBCIHITEHBEVE, O
fedb A4 a3aTR Y AL - TIHENEBBEVOTRBREVWSIEZF LS N L,
EEE., 430 SDE o7 vE b - g4 %5 Kn i, 136 mM ( Yaginuma and
Yamashita, 1979 ) ©& D, SO Kn {iid. v ¥ SDH ‘U k b SDH &V A ¥
F—nicXd % Km f 1 - 6 mM ( Smith, 1962; Christensen et al., 1975;
Lindstad et al., 1992 ). X T 0.6 nM ( Maret and Auld, 1988 ) &ld#4 3
EHMhIEGVw, LIArL. VryToRED SDE CRHONB LS5y v b — i
5 Kn fHA 128 oM AW OB OMWME &5 S ( Yamaki, 1980 )o # » T,
SDH ik, MABETAON B LI R Y AVE P - T 3 kn liBEVS D&,
AA4IRY ryrITHESNBEIIEC kKnfEVEVSDOLED 2 HEVIS L EEL SN
Lo SDH My vE b - LTEHY kn flizEohA4 a0y vacid, MeE
DV E R - VHAEKEI (150 oM ) Pzt EE ( 200 - 800 mM; b AK, 1984 )
KEhZhEHEINE, —FH, VA EPF-NLEWLTEY kn 2 ->HALHEO
FBTE., R VE - LVOERBED O W, & O A MM & W,
EDOBETRN -4 SDH OHMBBEbL-TELOTHR LD EHN&h 5,

143 SDH cDNA 2 VWT, BB I L >~ THBENS SDE 2 v s H o4
M, EB 2R3 BROVFAOLAACBVWTHABMENTVEDMBICS> VTR
Al /7 -F v 7oy bRHOMBLD, SIH BEFHLS0EEEY I, B—
D 1.2 kb ® RNA TH B ENBWEh &l -7to 25 C REBKIRUI T SDE mRNA
BREBRLVARALVTHBRBEERE D >/ L L. KBS Z —FWH 5 C il
T5C &tk >T SDH nRNA DSHIB G 5 2 & MBS i # - 720 SDH mRNA 12 2% B
THBILD., BBEETHS RT-PCR % Z AW T, SDH nRNA B OZ W A2 T~ 2 &
5. SDH mRNA . ETH% 0 BHh o 30 HEABET CORCREEALLEREBE
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Wh o oS, 40 - 50 HEl 5§ "C THET I LR THMLED L. 2F D,
SPDH iz FoRBiR, EagdETH sy, BRI~ THEBETLEZ I LB REN
oo

Kic. SDH nRNA HE RO E OB HELEL TV B HIED>WT RT-PCR & IT & »
TR LA, 2o E. &b O SDH nRNA B/2 RNA B, BF. RGO
FhRLEN, # 10 fE2 VNP ER -k, 2F b, WE 104 B O KIE
BRTid. SDH mRNA B, FEFHMBCBAELTVWE I E s, HHEHMAK TRER
LTWB I EhmaRanht, ABREBEMOWTR., 7V a -4 yEEHM, PHEM
BANOBRHEBPEEROMICHAELEY, ToHr, 7Va-YryrBoBEL LD
KM+ 2 ENBFHBBERCIDEShicENTWS ( Miya et al.,
1972 Jo 2 & D, SDE BEFORBABH LY VE -V L7 )3 - FraADs
BB EN—BHLTCVWEbDEELONDE, COIEbEA, SEHZ - L
2 ¢DNA B, YA E P - A ST Y)a - A0k BRFRicbB Il s@BELETH 5
SDH 2D b D% 3 - FLTLWAEILE2XET26DTH 5,

BHieBuwTild, WHEMBBIKETFTREOLDPOXBHROFBE L LTELS
L TW3 ( Kunkel and Nordin, 1985; Yamashita and Suzuki, 1991 )o # A4 =2

Bruchidius. Oncopeltus DI HE MM ICc B\ T AL RNA % 7242 poly (A)' RNA O &

REfTLbhTWVWBEEWVWS 2, 3 OMYE ( Park and Yoshitake, 1970; Capco and
Jeffery, 1978; Buning, 1980 ) i d 2 b 0D, WHMBBE N, B&EW KT
MoPDOEAHERELTVWEERELLSNTBS Y ( Lawrence, 1992 ). 5§ % 1
REBEo®ISc~vTRELHS LI TV W ( Sander et al., 1985 )o L
L. A4 30kERBicBTR, HEMBEES § " CBBCIEZ L. BT o
BERSBH SN SHIC S BRFERBALTVEI LB RENT, DI &t
KEEBEHOPRBI IR FLPAMBEOHAEERAELERYT 2 L cHELME
TR T L bDTH 50

A4 oD RBEFcBYIBFEREMBLOMBIC>VTR, HL Ly 2 -
OB ELOOLTEL (BL-BHH, 1957 )o 1 2. KIRRXPHE O KRE KT
ORBEELABATHLLDIEECDIDTH>»T, b LIPHOKENFIET hifn
FROUSDTOLRELZHMBETELILVIELTH S, 2 bk, KRS REELH
T 2BICRIPEET LD TR, BF 200D EHILOLELERSZE VS b
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DThH b, ABEILBWVWT SIH BARFOoREBEIKRIBEEEW W EWMIETEL 3 &
ARl Aictid, KIEEEBHcBLWTHERSERILE B ELEDFLAALT
BHohiclLio &2 EHLTW 3,
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¥E =

| fewy SDH fiA2H VT, #4300 GhRIEHE cDNA 547 35U - %R

sy Y —=v s LBt e - vrEJL,
2. D cDNA it 1.04T bp TH b, 348 M7 I /MoK B ¥ ¥ 7 H%E

- FLTWk, 2 v /B0 —KXEEL~AVCHEREIREZIT-LET A,
WL SDH &4 50 % OMHREAKLED SNk, WHAME SDH o 2 4 o O
B cDNA 28 A &fE@RmL Lo

3. SDH cDNA 2R Wi / - v 7 a » bR U RT-PCR B X . SDH mRNA

. KERBE % 40 - 50 HM 5 CHBT s EicLn BB L, UEkR e ek
Kmd 2 EBEMER - 2,

4. RT-PCR # i £ . SDH mRNA . FwilHEBMBICRAET 32 C & BRr & h i,
5. llrogER I, # 4 3 KIEEED SDH B FOFRB I, A 40 - 50 H

Mm@ e sk THHEMBATHIGEENS L, LTI DI EHRIEE L
NNVTHBERTVWEIEBREI N,
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= a4 = Bk - & #r = (¥ 5> v L &~ — oL B
Sk o= B Sm il (= T o FE IR

FomLEsaTir. KEWBisFI 3 v rE - VIRKEBZFOEE., £&
K. RUOBEEFRBEBC>VTRI LA, SDE BEzFid. KRBT 5 °C
BBICL- T, TELTHEMBE CRATIC L., RUETH®R 25 "C I # R
ELAKIERICBE TR SDH BEEFREBRLAVWCENHEHS P LU - e —F.
KIEEEENRCIEKRKERF cBOLWTR., 25 'C TTHRFREFRLEITL. ThicfFuv
SDH P RS 2 EHHSHIcEhTW3B ( Yaginuma and Yamashita,
1979; Yaginuma et al., 1990b )o #im T~ Lk dic, FEREWIP R BT R
25 'C FTdvarvrbr-LroFERERIBA oA L, Ui L. FKRIRP % E
T1HRBRCERS G 2 VIEINLEEETUBLALEE., v e - Vv BERT 5,
COFEBEULELYVE - LOFBHICIF, SDH BEE T2 EMNFMREATWVS
( Yaginuma et al., 1990b )o

FETER., BFREICK-> CHIH T2 SDH /& vE D 29 @ B A5, Ak BR B8 3«
HET 2 SIH B OBTBRBELE L bob E>h 2S5 hicd 574, SDH 7E .
sy BB nRNA BOXEHRUUFDOBAELDVWTRHEMA 2o FOER, K
THRECHE - THB TS SDH WG, SDH 5 ~ ¢ 2 BB K O SDH nRNA £ i I )
LTk f-T. COBEI S SIH EHR. BEEL LV TCHBMEN T WD &4
WLfo 50, SDH nRNA B, BFRENCRICBFBEST L C &, R U
HMBEEB c B EF BB EST S & BFTW®E N 2,
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4 kb &= 5 ER

gt S #H
BREOBRELETHS N BEH VR, § BHUNECET S 02k

L., 25 C CHRHLMFREEZED L, /. 5 °C T 160 HHE&GE LK
RO & H W o

EF., RUPEMAE DGR
ETF#% s HE 5 HoWPz, F3BLEROFET. BE LT, WHRME

BF (EFBEE2EC) €5 T 1,

S BH DR E
5 thdiE, MUK, AAEBAED TR L ClENG. BRR. RUH
Bicsrid,. BRoo#azkil &L,

BEEMORATE, BEEHOME, 5 v <7 HOER, S » v ¢y H 5
OB, KUV F s YNT I KX VERKE (PAGE ), RU Y £ Ry v 7wy bk
B2BELAMDHE TIT - oo

RT-PCR 7%
BIEOHFFELEMICL T » 1o
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5 B

1. EHRIRGPOPFL FHREICHES SDH iEH L S 2 v 7 HBOLEH

KTV H I EKRRBPORE FREFWCHES SH EHoLHEIAEAL o HHRIE
T 1 -28+vHWMHEL. EFT% 6 HEFTLELB LA (Fig. 104 )o ET® 7
Hicbwt—HgDP LA, ET® s HhoghdBibicmu cHUHML £ — A,
ey Y SDE A ECRET 3Ny FiRsF8 36,000 ThHhn, BETFTH®R 8 HXD
BHtEh, zoxvyFoRasd, ET® 6 HE ML, ET® 7T HedWT
AL, DUk dBibedrdrclHeMMLUAL ( Fig. 10B )o < @R IiE.
SDH /&M, SDH # v /7 HBREBFELTEHLTWVWE I EERLTWSE, 2 F
D, FFERIBIFICB VTS SDH iWEf#Ed SDH & v 2 HOESHICEL » Tk b &
sl ERante o SDEWEMHE SDH v 7 HBRIBFOREBIRE S
WT 2208~ 2 %22l ERHohiKEotho 1 2D K — 21k, KiEW %M
BE®D | RKBRECHEEL, COoE -2 cE28MM . KT o6& W i y4
PLEFEAONI, 2 2VOE -7 3YAMIEHBILION, COov -2 E 5 HMN
W, B0 ERBEHicH YT s LEL 501,

2. EARIIEOMFFHREPHS SDI nRNA R OLH

RT-PCR &9 F A4 T Y FLHE—-vavickd, FHKRIBMOMFRE kS
SDH mRNA B OZBH 2T AL A ( Fig. 114, B )o EF#H% 0 HEETFT® 1 HO
BRTIE. SDH mRNA » S &K & N f cDNA SV T PCR THIME & L7 376 bp
DR O~y FizBLAERBaENED >, BEFH% 2 Hicld, PCR EW O ¥ v
Foghah s, ToORBPE]RI. BFREFCHEVETE 5 3% oL 7,
NYFPORBE®ER, ET® 6 HE T HTRED L., ETH 8 H L v 4 dmit
KRS CHUOMMLUK, ¥, AHROFETH<LTZF > nRNA 3. < O LB
BMz@BLT, 200028153 600RBIEF—FETH -7 ( Fig. 11C )o
SDH nRNA B, BMFRBFEMEV. 2 2D -7 28> HEEZRLTBY. SDH
mRNA BOZKBDO/c5 — i3, SDH iEMEE SDH 9 v R HBOLE WD /¢y — o &
FHiCIC—HLTWE (Fig. 10 )o - T, FABPOBEFRBT LS VT b
SDH EH . EE VXA CHBENT VI EZE L S5N 3,
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SOH activity (n mol/men/mg protein)

(8)

Fig. 10, Changes in activity of SDH
immunolabeling band in non-diapuse eggs of Bombyx mori (B).
eggs were incubated at 25 *C from oviposition.
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Fige 11.; Change in the amount of BmSDH transcript during
embryogenesis in non-diapause eggs of Bombyx mori. Non-diapause
eggs (N4 ) were incubated at 25°C from oviposition. Larvae
started to hatch 9.5 days after oviposition. One microgram of
the total RNAs from each sample was used for synthesis of the
first strand c¢DNA, and one-forth of the synthesized cDNA was used
as a template for PCR amplification. (A) Quantification of the
PCR products for BmSDH transcript. Each point represents a mean
of the duplicate experiments (each SEM was within 6%). (B)
Autoradiograph of the PCR products for BmSDH transcript. For PCR
analysis, 25-cycle was adopted with primers for BmSDH transcript.
(C) Autoradiograph of the PCR products for cytoplasmic actin
transcript. By using one-twentieth of the first stranded cDNA,
PCR was carried out 18 cycles with primers for actin transcript.
Molecular size markers were co-migrated.
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3. FEsREMiIcE T 5 SDH nRNA OBKNEE

I EM (EFH®% 2 — 6 H) BB WT SDH nRNA B D X OB It FEE
T 200%AEL o FERIBBICH WT SDH nRNA BXMML >> 5 2 E FK 3
H& SDH mRNA B 1 2O - icELAETHER 5 HOWEWE L TRF
(B 25C) LHEEBcR T, ThEFnHho2 RNA T LT RT-PCR &2 #7
2Tt MBEBLENT Z2LI>RA LN, COBPoORBPRIEEPMC I EA
EEIRT 5 L3 TE&NDo7lce EFHK 3 HOB TR, PCR BV BHBEN/£
RNA B, BMFELEMMBTIRIFELLY AL TH -7 ( Fig. 124, B )o L b L.
ET® 5S HOW T, BFo PCR EMOMMIEHE/2 RNA . IFEMIETORK
MEM B LT 3 E&EH» >0 (( Fig. 12D, E )o F REMICT Z F ¥ nRNA &
DWT RT-PCR 21T >R, 77 F v nRNA 3. BF Lo RE L A MM
ECHEET B EBRMaEnsi ((Fig. 120, Flo DLEOERMS, BFKEM
TD SDH wRNA BoMMi., TR rFHlRcoRBE LL-> Thblesdhsdbok
EiLoht,

4. MR ic BT B SOH itk L SDH & v MO

RiCHHBRIZRY (ET® 6 0 - $hdi b)) wwhswvwT, SDH ME 0 &
OCHBIEFAET 200 ETHALLI ELAN, BROBY MM E L 5T
SOBMNETH DT, CCTRBHUOEBNL § S HiIc >V CHEEIT - 1o
S Y RERENAE, BAR. DB, MBERTEB ST, SO EMHRE &M e v
VS kKL BvIRI VT uF 4 TR ET o, TR, BYihick
WTRESWVWEREBEb N, UTEHOBmEE., . B, ABROIETH
>fc ((Fig. 184 )o /., 9 xR v 7o, brB3HTHRIMBEN LYYy Fid, B§&
NHOoWFhoMBIcBLVWTd, TXTEHLBHEERL ko # > T, SDH 2 v
NIHB, BPHHROLEOHBIcBVWTHE L 36 kDa DEY T F KL DK
bDLEEAOND, RIZ, ey Y SDHHBERKET 3 Y FOBESIL> W s
5. EACcBB VTR OGBLV Y FERIMEA, oM MBic BTy
FThH-fed, 5. BB, BABROBEcRBEN7, MBIBVTE, v F
RBELATRIENTED -7 (Fig. 13B )o BB TRIB SN0y F ik, I5R5 &
DEAILID bDTHBLELONS, f£->C. YHUBHR W LEF 2 SDH
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Fig. 12. Localized transcript for BmSDH in 3-day and 5-day non-
diapause eggs. From 3-day and 5-day non-diapause eggs (10
individuals) at 25°C, embryos and yolk cells were manually iso-
lated. The total RNAs (each 0.2 u g) from each sample were used
for the first strand cDNA for semi-quantitative analysis (see
Materials and Methods). For PCR, 27-cycle or 18-cycle was
adopted with primers for BmSDH or actin transcript, respectively.
Upper panel indicates the morphology of embryo at each stage.
Quantification of the PCR products for BmSDH transcript of 3-day
(A) and 5-day non-diapause eggs (D). Each vertical bar repre-
sents a value of SEM (n=2). Autoradiograph of the PCR products
for BmSDH transcript of 3-day (B) and 5-day non-diapause eggs
{R). Autoradiograph of the PCR products for actin transcript of
3-day (C) and 5-day non-diapause eggs (F). Molecular size

markers were co-migrated. 1, Whole eggs; 2, embryos; 3, yolk
cells.
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Fig. 13. Activity of SDH (A) and intensity of SDH immunolabel-
ing band (B) in various tissues of 5th instar larvae. Each
tissue was isolated from 5-day-old larvae of 5th instar. In
(A), each bar represents a mean of two separate experiments =+
range shown as vertical bars. In (B), the supernatant fractions
(100 # g) of crude homogenates from fat-body (lane 2), silk-gland
(lane 3), mid-gut (lane 4), hemolymph (lane 5) and remaining car-
cass (lane 6) were applied to 12.5% SDS-PAGE. As a mobility
reference, egg sample, corresponding to 75 mg of eggs chilled for
220 days, was applied to 12.5% SDS-PAGE after Blue Sepharose CL-
6B column chromatography (lane 1),
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o B, FeElidicdaRTsbosE LSO B,

5. Wi Micsirs SDH nRNA B O H

SIHMEBERBEicBT 5 SDH oRNA B EDHBEBET 2 Lb0FEEZAS L
BRETH - fcoT, Gidli ki 5§ SHREMYL. Bk, BLRBRERUOH
Bics T RNaA 2 L. RT-PCR B 21T > 7o TOKR. IEWi&E O SDH
mRNA ICH 5 < PCR EMOKHFIEN /L VA BPBOEA LN T (E8» - k5,
HARTRIEFLFOVHRHEEOLBED SN ( Fig. 14A, B o Fh. 77
F ¥ mRNA ( PCR EY O MMHIE/L RNA ) B, BT —F& <. W THgIhi&.
MAMBRDOIETH - 2 ( Fig. 14C)o LI LD R, $hdtcid. SDH nRNA i J Bh
e T, B<HFEAETBELERLTEY, $THMABERMiIcBVYT S SDH
mRNA . FREBHBICBAET I EELoN . $hhMBic s T3
SDH mRNA B DO H i, BEiwak ~7 SDH . 2 v 7 HBODH & L —HL
TWwi (Fig. 13 B )o - T, $HMBMicB 2 SDH IEHORMIR., EE
VALV THEHFEINhTWE D EEL SN B,
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Fig. 14. Localized transcript of BmSDH in various tissues of 5th
instar larvae. One microgram of the total RNAs from each
tissues was used for synthesis of the first strand c¢DNA for semi-
quantitative PCR analysis (see Materials and Methods). PCR was
carried out 25 or 18 cycles with primers for BmSDH or actin
transcript, respectively. (A) Quantification of the PCR products
for BmSDH transcript of fat-body (lane 2), silk-gland (lane 3)
and mid-gut (lane 4). Each point represents a mean of the dupli-
cate experiments (each SEM was within 6%). (B) Autoradiograph of
the PCR products for BmSDH transcript of each tissue. (C)
Autoradiograph of the PCR products for cytoplasmic actin

transcript of each tissue. As a comparison in quantity, the to-
tal RNA from diapause eggs exposed to 5°C for 160 days was used
for RT-PCR analysis (lane 1). Molecular size markers were co-
migrated.
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AEOERE., FUREBoOBRFREMNKI B OMB BT S, SIH /&
iz, SDH 2 v 7 HE, O SDH nRNA BB FLTWVWB I L ERL TW 3,
E->T. FEREBPECYHABK o 2 S EH GARBEBHOMEEKRCKE
VRALTHMENTVWBE D EEL OGN B,

KIEEBEWICEID 2 SIH ot SRECER LAY AILE L - VO FH%
BEFTDHETHB, LOLABS, SIH BEFORBIAREBMWON L v &
tLlLshdiMollidebwcEReifbhTtwad, Bdtiws vwt., &R
HOPLBEETH, HABC B AFMCHEY T 2HETHEZEEL SR TY
~ % ( Dean et al., 1985 )o & T AN, 5§ K HOMBER SIEMEic B TR
MIEHBR YV VE - LVOERBIES STV (HR -, 1091 )o > T. b
- L SDH %% in vivo THHMAEL TW B L4 nif, steady state icV L E b — L %
RELTWEB S DEEZONE, MABIcBVWT, SIE UM BHEAEL TW
2. W TOFER Y VE - LOoBEHRIBESA S, invivo TD SDH o Kk
KOWTRELAPREAHBE W ( Jeffery and Jornvall, 1988 )o MG 45 IR 4E
PEEBCEELAHE, "1 30K AKBRCRYVEL - LN HFELBRTERS
NeH, CoFRMEN LYy LVE - VORMIL SDE BEELTWS S &M S h
ENTW S ( Yaginuma et al., 1990b )o # » T, ST HOMME I BT b fi
FOOREL LD/ VE L - LVOERBELLBAICH, BREA Y LE b —
VI SH Rk »TTaPhicHBahdzboeEzion s,

FRIEBOR FHEOBE T SDE nRNA . 2 DDRITBHEFWICHBL L,
SDH mRNA . ETH® 2 B WBcHBELTBY., BET% 3§ AT’ SDH kET
HIRRMBEREFLBEVTHRLT VD, EKENO SIE HizFH. HETF & 0E
%mwagéﬁﬁu%ﬁ¢5mﬁ$ﬁ?m%émwqumuﬁ\%3&@%%
BORREZEST 2 &. FKRBEWC SV S BREFRIWEMBU L RE LT
WBLDLEEALNE, TOR, BMFMNAEBOLDOXBHRE L CIH % IE 3w
HRET 28501003 EREMRIPET 2, COBBRTHEMIBD SDE nRNA B
REBDLLTOCLEELAONE, — K. COBYICHET @I . BACKEL THY
Mt zrd, BFRBEET 2, Chicfkv. BFD SDH nkNA Bawm+ 3, ¢
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@ SDH nmRNA Bo¥miz. REYEKYWOETHR § HETHRINW, TOoORBHICH
Wt B, COLEUWITLT, SDH nRNA B, ETFTH 6 - 7T HLODBUOHALE
B EEZ SN B, SDHE nRNA B, FELLTCHHREBVGFECREST S EMSG. 20D
Bl o SDH nRNA B O ZE® 5 - v i, BHEOoRE - 3{LEZXBRLTWSE b0
EEZLS5h B,

Co S HEFORABHILESWT, KFoREEHHRMEBE ORI E WS
FERRICEELTEI--TWELPDOLILRALGER:R, fidokd>ic 2 oM
(BFREBEYHERBEXRE) 203 thT&3, B 1 oMo E 2 0
HiBTdsy, B @EORKDIL ( Terminal differentiation )
DRERBH T2 LEELON 2, FWKRIPTR, COBM (BETH 5 -6 H) i,
1 RBEBEBITbh 3 (KO, 1976 )o BMBK IR, BF»L S YhHE~DORETH
BLibsds—20liliTtdstEAOND, COBM. SDH & & T © 5 B A K
FRR>» SHHBHEBEANEBITT2RBBHE I cE 3 Lick-T, Y1k
MBI LOMERBEH S h it b0 ELShH B,

MERVAREOHR I, KIEREM. BFREM. RO dHMecs v,
SDH B F 3. R - Bl - B cRBAE T I ENREN, O SDHE # i
TORGBHIRIAPGHRBOBEMIC . ¢ SIHH BEETHETWHOhICT 2 LB M
HBo TITHRETI., SV BEFA2 70~ Yt LTHERNERELLE, -0
B FHECHEITVWT, RU S0 - B TO SDE BEFORBIc> WAL
oo
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1. FHRIBEHOM FRE. RUOSHEHBc BT, SDE 5. SDH % v +,¢ s B
B, RO SDH mRNA BB, ¥ XxTCHBLTEHL T W,

2. SO Eh o, SH FHRBRUMNEEABACBVWTOET L L THE & 41
TWB I EMNRMW XA,

3. BT RE kS SDE nRNA OB R, KF 0% E . K U5 4h o 41 & 7 5k
D2 OOFEEMICHY L TV,

4. F L OFHFHM T, SDH mRNA it. FEeMFIcHEET S bDEEL SR,
5. S HL B B VT ik, SDH mRNA BECEBWECRBELTWE, CO &EMh
S BMFRFIHEIH 2 oORBEM I, SDH nRNA 2. Yk litkicEE+ 3 &

GD&#/{"‘Q*L#:O

6. ULEDOERED, FEKBIBOWK FREF IS SDI BIRFOFEBIc>wTE
2Lk,
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% 5 E 3 A -7 o> ~ JL = I — JL- ﬂ% 7.!( % E&
F OE 1= T D B s

FIELBOUTHR, "1 20KIEHW TR § "C ABiIcLb., SIE BETOR
BUrMABRBTCHESINDI I EE2R LA, thP4BTR, RABFOERFRSE
BELEVWT, BRFREHCRFCEFC., YREBFER W cRrECEN &
S BERFORBEBEE TVWEIEERLAE, CHoOERR. # 4 2 SDH #iie
FRENTALRLT-LRERY - HBUEKFELTTOREABFED AL TS C &
EFEHRLTCVS, CORFAHMBOBMMIc, #4143 S HETFOMEE M2
CEBNEFTE KL ETH B,

TITEHRETR, #4232 SDH cDNA 270 - J W, #4a3% s 46547
Y —-&b SO EEFZEZHEL., TOoHMEERELL, OB, S ##E T
#J 10 kbp &b, THOA vibavr2 8L I EDBEML &N -1, 5 Fiilli
B 4 HO TATA box KMEEREMF EQLFABAABEHCHEEL TV, & 7.
T/ vyoERickn, SVE BizFR. T oA KF s ey | o€ -Téh
Pl KIREBUMILOMFREEMIcDbAL-T, /=¥ v 7T oy b3
ET-ECARBREBMAOMRTREMOAMETIE, 1.2 kb. HMFREM O %
2T 1.1 kb ® 2 BEOEED nRNA BRBRH S Wik, Y54 v -z 225 vy
a Y. RV rapid amplification c¢DNA end ( RACE ) i k v, KIR¥ WD
WEeYhiGgord., BN IGEBEHBEACE S nRNA BIEF I 3 2 & WRBE X
Nteo LEDHRERALT, ¥4 2 S BEFORAF/HMMIC >V TERE L 1,
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®F KF & 5

HAZaECR, SHE (BB &N, BB XxEE) 2H VA, KIE:Z HE
EEBNDCHBRBLBLET - MBERBRLER., ETH® 2 HLb 5§ "¢ T
30 HREIME LA®, BREBAOE (15 C TOLE 1.100 oA 48 "C T 5
SERE ) 2TV, TOBPE 25 C KBRELL, SHHIZ, BBROEEK 12 8
Bl WEOARLIKIREENICR., ETH 2 LY 5 °C T 160 H
M LicbDEZH WA, § S4dd. U LTENE. BRKR., B2 3T
Ao (B4 EBH) ,

¥ 7 4 DNA O M H
¥ /s & DNA 3. Sato and Yamashita ( 1991 ) @ H kit v, 5 &4 o
RSB U, HABREBXLE 5 55 (VW) OMMBEE® ( 40 oM

Tris - HCl, pH 8.0, 5 mM MgCle, 25 % ¥ a — 2 o — 2, 12.5 %
Yo -, 3aM YFARLAL - ) hT 2 nn BEOMA ICL 1,
2,000 g T 5 SpRImOE. LB E DNA M ERAEHE ( 20 mM Tris - HCI, pH
8.0, 100 mM EDTA, 0.5 % SDS, 1 mg / ml RNase ) & 3B L. 37 "C T 1
Bl A % a~x~-varvlfho TOHR., BEBLBEEN 200 g/ nl B LI
TamFrA4F - K E2MA, 50 °C T 3B Ay+a~x—vavlLis DNA %7
=/ -V / veakxkna /S AT IANTAI— N (( BEEIEL 25:24:1 ) &2 @
gk VA /S AT IATAIT - A (( FRIL 24:1 ) THHL. 1 oM EDTA %2 &

& 10 mM Tris - HC1, pH 8.0 T—HMeBHmIF L 20

RNA O 3 &
42 RNA 2, B3EOHFFEIE->THHEL., 7 -¥ 7T ey baHFiCH Wi,

KRIBEEI (5 °CAK 160 3 ) & 5 S99 oElid. rBRERTCdE X
H L% RNA 3. Oligotex - dT30 %2 FH\W T poly (A)" RNA IKHI®IL. 34
2 -V RF vz viE, RU RACE it Vv,
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A TY T AL E -y g v

¥/ b5 DNA 34T 3 -DRIZY —=vF F/h DAY UYSHKEU
- HF 7oy b FROEBOAA T SAE - viZ, 2EED # 4 3 SDH
¢DNA 27 o - FJ AW, B3 EOHEIHE > TIT » ko

¥/ &5 DNA 54T 5 YV-—DRI Y —=rF

A EMBL3 2 ~7 % —& L4z (HEXWH) 0% / & DNA 54735
-3, ENFITBHER (REAWMIKRKFEFER) L5 asnik ( Fujii et al.,
1989 ) o [F%P] TS XWVLALHEMED DA 2T v -7 &L, 75 -2, 47Y
FA4€~-va itk r27Y—-=r 7% ( Benton and Davis, 1977 ). B
79— vax7 35— 7L .

DNA O EES ORE
HEREUEBIC Lo ELEAL2 D DNA B H % Bluescript KS" Hi A L %o

Fa Y -—va rR3IE3BEOHFERE -, BEENORFER, SHEEMS 5 1=
— & Taq Y A5 - ¥R IBBERDEHAVWAL Y FA F vEiic k-7 ( Sanger
et al., 1977; Johnston - Dow et al., 1987 )o fi & K IL oD 8 8 i3 K I & »
SHB LA 2 K8 7523 F DM 2AVWEAE, BREABEHEE OHES MO &
DNA BH® ¢~ — 27 = % — ( ABI model 373A; Applied Biosystems Inc. ) T &

D?‘?’)ko

S —F o nATYITAE- va Vi

HEEBMAOEB LK. BE 25 C cREBLTRFRELZHMA SIS, BT
BHY v 7V vy Lke CHHDPEIDA RNA ZHB L. # 43 SDH cDNA % 7
g -7V, BI3IBEOHBRESTWT/, - HF AT Y FA ¥~ v vk

L 7o

T 534~ RARF VY a L
WIREEI (5 °C ¥k 160 H ). 5 &9 HolElik. #ABRRTCPB LD
el L7 2 ug @ poly (A)" RNA 2B cH Wk, 754 7 -k, 5 -GCAGA
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TAATAAATCTTCTTT-3" ( SDH 1 in Fig. 16 ) 2R V. W3 TEEHK [v -7°P]

ATP THRBEHZR L, FEERIEIE. 200 0 X =227 Yy 7+ ( GIBCO,

BRL ) ZH VT, 42 "C T 1| BRifT»- o FEHEEREYORBI. V72 U
TIFFLBEEBHEREOA -+ 5394557 4 - XV IiTotko BT A< -

’

& Tag Y A5 —¥ickv, @YY Bluescript 72— D 2 A DNao % HH
LTy -2 xRS -FHEHEL, YA X v-Hh - &L o

RACE & ( Fig. 20 Z R )
1. 77 —AZFZXFIFIYVF cDNA OEK

KEEZE RO (5 "C Wi 160 H ). 5 ¥ dhioklid,. BRI TB LD
BBl L7 2 pg © poly (A" RNA %2 8%z, 2 pmol @ SDH M F KRN
# Yy X2 LA FF 5 -GATTCTGACGTCGTTGGC-3" ( SDH-A in Fig. 16 ) % 7 5 4
v - HVWTEIBELAMROAFET 7 » — 2R F2A F 5 Y F cDNA ZEMKL Lo K
RIED 75 4 <% — &, SUPREC'™-02 ( Takara, Kyoto, Japan ) ZH W Tk EL o

2. A YTy vt FFOMM

tiEmo7 -2 FR2F35 Y F cDNA D 3 E¥gic dC 2T s EHMN T, Lk
HTARLAE cDNA @ 1/10 BERLHSE, ChiCHREBPED 25 nM Tris -
HC1, pH 8.3, 37.5 mM KCl, 1.5 mM MgClo, 0.1 mM dCTP & 72 3% &L 5 kEhZh
ORFEEMA. 10 U ® terminal deoxynucleotidyl transferase ( Takara,
Kyoto, Japan ) EEA L. 37 'C T 5 H#ERIE &V o KR Ty primer O 3
K d6 EAAT B - H. 50 pmol @D Ty primer B ABED 10 nM
Tris - HCl, pH 8.3, 50 mM KCl, 1.5 mM MgClz, 0.01 % gelatin, 1 oM dGTP &
Hatr>ecxhFhofEE2MA., 30 U © terminal deoxynucleotidyl
transferase LB & L. 37 'C T 5 HSMRIG&E Y co £DH. 100 "C T 10 5}
fMi# L, BMERIG %2 1o ( Schuster et al., 1992 )o

3. PCR

+E D oligo d6 % ftM L # 5 pmol @ T; primer. 50 pmol @ T»
primer. 50 pmol @ SDH cDNA KHEMMK T 5 4 = — § -GTAACACAGCAGCGTAGTT
C-3° ( SDH-B in Fig. 16 ) & 38 K¥UEiZ oligo dC Z ML A LD Eh TN
DHMEED cDNA ( 1/4 B)YZBRBAL. 50 gl ORIE A7y — VT PCR 21T » o
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4. B ¥ T oFagryTahR

BHEBoEBIE Y VWTH--LZEFNEND PCR EW 5 pl 27 #H e - 2450
BLREBICHWA, Chi2FE3ELRBOHETFHFA o yEBEBLALALDO X 3
WIEBI Lo SDH BIEFEBENL 3 oAWK A YT X2 L4 F F 5 -GCAGAT
AATAAATCTTCTTT-3" ( SDH 1 in Fig. 16 ), 5 -GCAGAGGCGAGGGGTCTTCA-3"
( SDH 2 in Fig. 16 ), 5 -AGGCAAAGCATAAATATCTC-3" ( SDH 8 in Fig. 16 ) *
[7 -°%P] ATP THEBERLAL GO E2 Yo — JcHWTEHEIEELEREBICAA 7Y
4 € —-va vl o,

5. PCR EWMoOBEET oRE

PCR EE¥ % Bluescript KS'" A L fte 2 HOAGWMA Y T X 7 LAt F F,
SDH 1 & SDH 2 27w -7 &L, awvw=- AT YFL4EE~vag vickh s
V—=v 7%, 7o - 28, sidolgkcs % - b &t PCR E
MOBEBERNZEZREL o

I v Ea—-% -tk BBRIF
%3%&[—5}&@%&??‘?07&0
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5 5=

1. SbH @ F/r u—- vyoBR#
HA4Aa30BBEFS54 7359 — (X EMBLY ) &5 # 4 2 SDH cDNA %2 7w —

FIEBWH tx10° orse—-vi2 R0y -—=v Lk, TOEBE, 2 BoBH
so-rvE 2Bk, ChoOsao—-rDAvd - ORI, THRFEFNH 1T Kbp
& 14 Kbp ThHo-7Fo FIRBEFHMHEZAEAKRLALAEIAREVAS Y Y - P DS v~ v
B, 804 ¥ - +r027o0- 258 ERHBELAE (BEEEB) o Fig, 15
BEWwA Y -+ E2Ro272c0 - oW BEEMRERLL, 28ED 14 3 SN
cDKA 27 0 - T iERHOESF A TN 54 ¥ - v vORREIGHBRLZEME:
b#tTBsEtieEn, SO0 -vidsy vy sB8%3-F+T 583247
boEHMENE (EREHB)

2. SDHE BE=EFoEEENO HRE
BV % - bEFH- 7o - OO PBREBEEEF % Bluescript K§' i
BAL. BE20E&DA vy —ra2E>70—-v2ERL, HEEBHEHRE L

FOMR, SDH HiZFRM 10 kbp bbb, 1T HOA4 v IrryrE2FATWLR

( Fig. 16 )o X DHERFIEBVWTHREEN TS A v F v v Ol D7)
5°-GT---AG-3" ( Mount, 1982 ) B, ¥XTOA4 v e YOl HFHAL T Wi,
57 BilEEiciz. 4 o TATA box PEhFhEifhfB@RCEAEL TR, LbL,
ELOEBEMBEREFRBSDONLS YR L A Y FTH S CAT box 3. — ki
-80 » 5 -100 I &S B ( Benoist et al., 1980 ). # 4 2 SDH #fzF i
BBOOOUE Dok FYVTF2Nbv S FNMTHEEI~FH X VA FF

AATAAA ( Brinstiel et al., 1985 ) RE#E D S b » fe M, ChIICHUL LK
Bl AATATA % 7203 AATAAT B, HEHEL TWHo H 4 3 SDH ¢DNA & H 4 2 SDH
HBEFOBEEN R 2HEBLALEIATRT—HLTWA ( Figs. 5 and 16 )o

3. SDH B FD a3 ¥ -HDORE
NFTa AL F¥ 2 aHEho SDH BzFoav-BESSY 4T Y54 €
A VL OHFE Lo ¥/ A DNA B, XKMA (HGxWH) »oBAWL o 7/
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Fig. 15. Structure of the BmSDH gene. (A) Restriction map ob-
tained with five enzymes, Sall, SaclI, Pstl, EcorV and BamHI.
Box, vector DNA; line, genomic insert DNA. (B) The exon-intron
structure of the BmSDH gene is shown. The eight exons are num-
bered and represented by filled boxes. The sequenced region of

the BmSDH gene is shown by the line.
-59-




-$45C

ttcacaacacgooctgataccagtatacacagataatotettaatoacctttaacgatac

-139¢ CCacgggaggagatgeactggtgettttcaagacogatcocacacaygcoaaagactitit

-1333
B ~cgr]

e

-0
51

1t

<t

«231

"m

caacagctttacaattigaagogegoccateaaagotaageaatgagoctctctacaaaga
catcgaaaatgoogtogtcaacctgogatacttgaactgttgcaataacacaatggtiagte
gtacctittgagcggtaacgcataactgtttcaccttcatcatgcatatoggaatataat
ttacatacaactaatattgtacgetgctacctatgcaaggaaageaggtatattaageqa
gatcatcascicgacgtita taaatatttttacattgataatc%ﬁ&égg&ﬁétttaa ag

pitttttttttocttagttaggotggacgagetcacageccacciggigtcaactgaitad

tgsagcccatagacattitacgacataaataogoecacecacctitgagatataagttoctaaa
atcacaacggctgccocaccottcaaaccgtaacycattactgettcacggecageaatag
cagatgctatataastataatagracactgcectaacagottgecgaacectaaaaatataaca
atcagaaaggaggagatatttatgctttogcrtgtittagaaaacaattecatitttoctat
SOH3
caagtcctatgogtttttgtaatgtgttatacatagttacctattaattactectagtecta
aactctttggttegtaggaagttaacgagtetgtgrttcacateccggtecategttctogt
ccaacccgtcactcacqaCﬁaaﬂqgcthatgagtaaattaaccctcagacacﬁqucaac

e

?‘

tgagtittctcocacegagatcticticaatgagtcgoatiteceogatecggtggtagattcigey

gagcacgactecttgectagagticatgttogecaacagtcatcaggtttgagococogcygayget

gacctactagitaaggogacgctgacatagectctcaaggctatcagettaggtaggaaa

-aaa&acataqcttaacsbcqﬁtcactcatttaaagcttﬁgaaaagaaattataattacgc

tttatctaaaagatatatgactctitaaataataagtattatctatggecatgtoctcata
atggggacttatcttatgaagecatagetectgggagaatgegtactgttatagaagtatat
aaaggtcctctcaattacgttacaattacagetatcacaatttataggagtagtigaagt
t;gaagacscbtcgc tctgcagtctaccogaatetictgattaatagtacaacagtcte
SDHZ
tttccecgatttacagaacattatagttitcaacaaatctacttatatitacacttttgagga
+1
attttatgcaTTITTAGAGTTTATTCCAGATTGTGTATIGAATTTCTTTCACTAARAABRCT
TARACGCTATT TATTATAAAAATTCRﬂAQGAATGCATATCGATCGAALGCTCCTBCAGATG
oE
AAERTCCTT%ATTTTThiTTTgﬁAGAﬁu&TTTRTTATCTGCuTCCﬁhﬁuﬂTATCGCGCTQ
SDHt

TCGTTACGATTTTIGTAATCATTTCTCAAATAGTTATCGAAGTTARCGGGTTGCARGATGA

M T

CCGAGAACTACGCTGCTGTGTTACACGGAGCCAACGACGTCAGAATCgtgaggetetttt

-

E N Y A A V L H G A N D V R 1
SDH-B SDH-A
tactatcaatattaattatatacaaaatatttaatatgtgtatttaaattactttatatt
taatctttaaaacaaagacattaaattgttttatgtatagcttctaattacgtccagett
gtcttgcgagtgcacacgcgtagaatgtctctataattgtgttcgaaattaacctgaget
tataaaatttgaaaccattgtgttgatgcattaattgatacagtagtagtcataaagtaa
tgaaatctttcacttcaatttagaacctcttctaactgttatatatcgtecttaagettyg
ggatcctctggatgcaggcagccaggactgatctttgtggegaagtttyggeggagaccta
tgtccagcagtggacgtctgtgegtctgtgacagaacagaagcttgacaatttgtttatt
ttttatttctaatgaaagtaccataaatgaattacgatctattaaagacgaggaagaata
taaaactcttaattgaacacagtagaaaatgcaaaattagttaaataaagtaaatatgat
aagataactagtgtaacaattggcgacattagcgaaatttacaaggtaaacttgtatttyg
tgattttattcgtcaatgtaaatgtaaaaaaatatatgttatataataaaaacaaataca
acaaactgaattataattttatttttacgttgccttatcacattgaccttttgaggaatg
ataatgggaagatatattttgatgaaaactttcatagagctgttataaattaaaatgaat
agtttttttttattattatttactacttatgtaatttaatttcagGAGAAAATTCCAGTG
E K I P V

CCCGAGATAAACGATGACGgtaaaagtattttttttaatttgtctaataacattaaaatce
P E I N D D E

atcaaagatcaacagacttaaatagtttttaatttatattttcggecttgttattcaageg
cgtttttgtagtataatctatgttatacatagatttgtcgtctgttgttctatttttata
ataataataaggcccgtttatttccaatccataataataatcgttattacatgagattta
atattaatattactaggtaatttcttttattttcttttattcgctatcgttattttcttce
agtaccattgatcgaaaccccttctcaggcaaaggectectecageatettctaacccac
tttgtccatggetttctttttccaattgcttectgetategectttatattttatateta
actttttctagggecgecectcttetttttecctettggtecttttcacatagttgtetgtaa
tgtccattttttgtctgtgegtettactatgtggttetatttttacctaaattaaaatgt

dmﬂtttatttttgatgcagAGGTTTTAATAAAGATAGACTGTGTCGGCATRTGCGGTTCTGAT

L I K I b CV GG 1 €C G 8 D

Fig. 16 (continue}
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syl

+2451

«2511

5 &

4191

GTCAAGTTATACAGCACGGGTACGTGTGGAGCGGATGTTATCGACARACCGATTGTCATT
v K L ¥ 8§ T G T C G A D V I D K P I V I
GGTCACGAAGGTGCCGGAACTGTGGTCAAGgttacataaatgattacatgaatataacgc
G H E G A G T V V K
taatcttctgtttaaagctgcccttaaattttaagaatccctaaaataagtagtcatgta
aaataagtaccgtcgttcatggactttagcaatgccagggcaaagccaagecgctgtcta
ccattaaqtactctgcacaagcctagtttaaagatggacatgtcatagcgctcgggaagc
accgtagagctcattccaaagtctgatggtacgtggcaaaaatgatctctggaagcgcac
tatggatgaacgcaggggcttcagqtagtatggatgaactCtactccggtggcaggcggt
gcgatggtaaaaacgggatggaggtatcatctcaaacaattectcagagcactecccaty
gaacatacggtacaaaatacagaggtgaccgaagtcccttcgcagacccagaggttccaa
acgatccgtgatagtgggattatcgacaatccgaatagccttctactgtatggagtcaaa
tggaatatcaattattctgtacctaatgaaatgaaacccacatgaatttgtaaattacgt
acctaattactagcggcaggacatattatccctattttcegecgatttatatatatcgatca
tcacatgataacgataaaaggtaatacatatcggcagGTAGGAGACAAAGTAAGCAGTTT
vV G b K VvV § 8§ L
GAGAGTGGGCGACAGAGTGGCAATAGAACCGACGCAGCCGTGTCGGTCCTGTGAGCTGTG
R VvV 6 D RV A I E P T @ P C R S CE L C
CAAGCGAGGGAAGTACAATTTGTGTGTGGAGCCACGTTATTGCTCCTCGATGGGCGCTCC
K R G K ¥ N L C V E P R Y C S S M G A P
GGGAAACCTATGCCGTTACTACAAGCACGTCGCCGATTTTTGTCATAAgt aagtaaacty
G N L € R Y Y K H V A D F C H K
tttttgtttttcaaattcgttacaaaaatcatctatactaatctactaataaaatacttc
tatactaatattataaagaggaaagctttgtttgtttgtttgtattggataggttccgaa
actgctgaaccgatttgaaaaattcttacactgtttggaagctacactattcctgagtga
cataggggtggtgcgatcaatggccttatacggggcgccecgtatggggccagtecctgac
cgtgggggtaccgaagctgctgcaacggeccgcaacgcaccatecggggtcagggtaacceey
atcgagagggctggtggttgtggcgcecgatgaccaccggtccggegteecegagggggagyg
gtgatgggagagatgtgctceccgcactaaacgcttcactcectectectttgecattittcatga
gttctgtctcatgagaggctcggacgtgggttgttgagcgacaggaggttttagteggtt
cgactacgacataccccgcccgccatcteccagtggagggtgggagtccggagatttccte
ctgaccaaaaaaaatatcctcgaataacataggcttctttgtaacaaaaattagggattc
ttagtaaaactccaataatgttacgcaaattaaaaaaataataatttaaaaataatatta
gaatagataaaaaatattaattaaatattattcaaatattatttaaatgaaaataaaaga
tcattaaaataataattattcaaactacctttataatttcctatttttagaaacctgacg
caaatataagggtttatgtgtgtgtattataatttttattttcatatttttgtaaaagac
ccgagcaagccgcagcaggccgctagtaaataaataaatgtgttttttaaactcegtcact
gtcgtcaggcctaagttacccgaggattcaaagcegagttttgtactgactttaacgtatt
attgaaattcgcttaattgattatatgtatgaccattatgtacattaggagatttgagag
tgttaaaacattaatctgttaatttaaaatgcgtgtttgtttattattgtggcgaagett
ggggaggcccatgtgcaacagtggacttctgtaggctgaaggtaatattagtattagttt
gttaaatctgaagatttggaatagggactgactctgaaaaatgtgcaacttctgcaacta
aaaaaaaatcaatttccttttttttaaccgactctttttagatgtgtaattatgtaattc
cgtattaatataaataaccaatcggaaatatccggttctgatcattttgttaagagatag
ctccttaggtttttttcectattagattttectectattagATTACCAGACAATCTAACAA
L P D N L T M
TGGAGGAAGGGGCAGCGGTCCAGCCGCTCGCCATCGTGATCCACGCCTGCAACCGCGCCA
E E G A A V Q P L A I V I H A C N R A K
AGATAACTCTCGGATCTAAGATCGTTATCCTTGGGGCCGGGCCTATTGGTATTTTIGTGTG
I T L 6 88 K 1 v I L G A G P I 6 I L C A
CTATGTCGGCCAAAGCAATGGGAGCTAGCAAAATTATTTTAACAGgtagcaaaatataat
M S A K A M G A 8§ K I I L T D
gataactattataatattatttactagaaaatttcgggttatttaggtggcaggacatat
tgtgaactgtcaacagttgtctatacctacctaacggtgcttttaggtaacccaagcatc
ggtcathttctcqtcaaacccqttqcttgcqacqaaqggctcqchaqtaaattaaccc
acagacacagcccactgagtttctegecggaacttctcagtgggtegeqtttccgatecd
EantaqattctchaaqcacqqctcttqctaQQQtthtqttaqcaacadcgtcaggtt
tgagccccgcqagctcacctactagtttggtgaatctagaataacccctcgaggttacta
aaataggtagtgattctgacgggatttacgtccagtagaccagtgaaattactgaaatag
ctttagtacagtagcaacgttggtagtattcagtaattatttcttctcttgctaaagata
gtcgacgagcttacggccaccttgtatttggtttacagaaqcccatqccatctcaacgtg
acaaaattaagttcacgccgtgtacaaagcctgttgcatcttttaaactqqcacacqtaa
ctqctataqtcatqactgttataaqtttgaaqactbtttqaaqtcqthtqqcctaaaqq
Eiaaqacqtccqqtqcattcqtatctachatqcaccqqtqttcqtatcccqctqqcaqq

Fig. 16 (continue)
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«5331

5391

+5451

8231

+6351

<7491

+7551

T8N

tacqaatttttctaatqaaatacqtacttaacaaatqttcacqattqacttccatqqta&

aqqaataaaacatcqtqtaqtaaaaatcaaacccqcaaaattataattaakgttqtqtqa

tttqahgqqtqaqqcaqccqttqqaactatactqaqatcttaqaacttatatctcaatqt

qqchchqcatttacqttqtaqatqtctatqqqcttcaqtaaccacttaacaccaqqtq

qqctqtqaqcccqtccacccaactqaqcaataaaaaaaaaéactttgcctattccaccaa
tgtcattgatcttacagACGTAGTTCAGTCACGCTTAGACGCAGCACTGGAGTTGGGAGC
vV vV 0 S R L D A A L E L G A
TGATAACGTCCTCCTCGTCCGTCGGGAGTACACTGACGAGGAGGTTGTAGAARAAAATTGT
b N VL L V R R E Y T D E E V V E K I Vv
GAAGTTGCTCGGTGACCGCCCGGATGTGTCAATCGATGCGTGTGGGTACGGGTCGGCGCA
K L L 6D RUPD UV S I DACG Y G S A 0
GAGAGTCGCTCTACTGgtatgtctctatatgttattttatttatgaccagtgaacccgtt
R V A L L
acgcttcggtgactgttgctaaatgtacgaagaattaccttttttgctagtgttgeggeg
tattgcaagaggatacgtaacaactctatactgtcaatttctgtecgcaaaacagtctgtt
ctagttcgaagggtgaggatcgttttccgacaaaatttagatttcatcctaaggtcccaa
ggtagggagcaccattctcactgggtttcggtagcaacatagcaccagatgagtcgtatg
tcctccctcatceegtttacacaattaaataaactgttaaaactaattaaaacaaccactt
taacgggctttcccattaaaacatatcatacgtcatctcttctcacggactcacactcett
ctcttgcacatcctttctcatagtccaccggtetttttaggacgeccecgtgeggetteaa
aatacaacccatattttcaaagtacttcattaggttgtaccataaaaaatcattcgcaaa
gcagctacccttgagetgttagggtctcttcggaggecgcectecgggcaactgttagetaatce
ccacccatctccaggctgagectttgetegeccacctatgecaagtgaaactggaaaggec
tccgggccaccagtaatacttcagtcatcaaaaaaccgtaaaaatataaaaaaaaaacat
gatgttcatttttgaatacgtctcecctegtttgtcaatgtgaggagtgatatggetttate
caattccagGTGACTAAGACAGCGGGCTTGGTGTTGGTGGTCGGCATAGCTGACAAAACG
v T K T A 66 L VvV L VvV V 6 I A D K T
GTGGAGCTGCCGCTCTCACAAGCGCTGCTCAGAGAAGTTGACGTTGTAGGGTCCTTTCGT
vV E L P L §$ ¢ A L L R E V D V V G 8 F R
ATTATGAACACgtacgtagcgaattttgttaatcttggcaatctgattgtgcagatctat
I M N T
ctaccttggttatttgtggtggttgatcatatgcattaccagttgcattattaggtagtyg
caaagtagaggggaagaggtcaaccgaagaaggcatggatggagtgtgtgaatatgagag
agagagagagaggagtgagtgttgagatgacggctgatagaagagaatgggagagaaaat
tagctgtgccgatcccacctagtgggataaagttgagaaaaagaagagaagagatcatat
gcattactattatattcaattatattgattaaatgtgaaagactcgtgcagtgcaaatga
gattttgacctcaagtctgaaggtggcgacattcgecggtectatgagectctgtgacatcta
tgagctccagtgattgtttttgaccaattgaaccgtgagcttgttcgectatacatatac
atacadaaaaattgataaaatgacatgtatctgtgacaaatgaatgcaaaatttcaacat
tttcatgcgcctcttgtaaggcacgcataaggcttcaatgagactatttgtgtaccagta
ggctgtgagctcgeccgeccatgatcaggaatactaaaaaaaatgtgtgcecacttcacacyg
tagtataagcgggacctttagaagtattctatctcattggcttacaaactaaattatgta
tgtctgtcccttttteogttcatcgagtttcaaatcacageggtgctaaagaagetteget
gtgaacactcgtgaacaaacttaacatcggtttcccgaaagaaacttttagggatcaatt
gcctaactgagagcaaattatttgggtttcaatttatatttattgacgecgtaatgceaac
acgaaggcagctggccgcccgcgectcececggegtcatetcteggagtegttgaccgeaat
ttttacattgcgcggaatgctaaaagttattttgtgcaatatatacacctactgagacct
tagaacttatatctcaagattttacgggatttacgttgtagatgtctatgggctctagta
aacacttaataccagggtcactgtgagctcgtccactcatctaaacaataaaaaagtttt
cttcggtcgtgacgcgaatcattgecagGTACCAGCCCGCCCTGGCCGCGGTGTCCTCCGG
Y Q P AL A A V 5 S5 G
GGCCATCCCCTTGGACAAGTTCATCACTCATCGCTTCCCGTTGAACARGACCAAAGAAGC
A I P L D K F I T H R VF P L N K T K E A
ACTGGATTTAGCCAAATCTGGTGCCGCCATGAAAATACTCATACACGTGCAAARATTARAS
L DL A K S G A A M K I L I H V O N ==
cacagtttcataacaaaatccttgttttatttcatcaaaacattaactaatatatatttt
taaaaaattacatcgatataatgcaaatgagatttattattgttattcaaaatggcagat
gcacgagagtacgctttctgggttatatttccgttaaacgccctgtaaacaatcaaattt
gtttgataaatttgtcaaacttatgttttcatcaaacaatagattaaaagatcaaaccaa
agatcaaacaagtttattttaacttgccegtagatteggttttetecttgecgtagactg
agatcttgtttgacaaacacgccgtcaatcaagatttceccatcaaacgegtcaaacacgta
gactgtttgacaaacgcgtcaaacaaagctgcatgctgtcaaataatttgacaaacaatt
tgatcgtttacagggcgctttaaacaacaattttaaaagtggaattttattttaggatta
cgatgagtttaacatatttatgatccgttgacctgcaggtcgac

Fig. 16 (continue)
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Fig. 16. Structure of the BmSDH gene. The nucleotide sequence
of the SDH gene and the deduced amino acid sequence, begining
with the initiator methionine, are shown. The transcription
start site in fat-body determined by primer extension analysis is
indicated by +1. Nucleotides on the 5' side from the transcrip-
tion start site in fat-body are indicated by negative numbers.
The exon sequences are shown in upper case letters, and the in-

tron sequences and the 3’ of the terminator codon (---) in lower
case letters. Sequences similar to the TATA motifs are under-
lined (at positions -843 to -837, -195 to -~189, -30 to -24 and
+64 to +70). Boxes indicate the repeated sequence in Bombyx
genome. The consensus sequence which is recognized by BmFTZ-Fl
is shaded. The consensus sequence which is found in the genes
expressed mainly in larval and pupal fat-bodies is dot-
underlined. The 5' ends of the PCR products obtained by RACE

analysis (Fig. 20) are indicated by % in cold acclimated egg (at
position -129), O in fat-body (at positions +65 and +85), A in
silk-gland (at positions +66 and +95) and O in mid-gut (at posi-
tions +72 and +87). Arrows (SDH1, 2, 3; SDH~-A, -B) indicate the
oligonucleotides used for primer extension analysis in Fig. 19
and RACE analysis in Fig. 20.
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5 DNA % BamHl, Pstl, EcoRV TUIMi L. 28 EKE®D® H 4 2 SDH cDNA %2 7 & —
TELT, "4 TV F AL ¥~ V3 YETo>K, BanlHl TUMLABEIR 2 Koo
v B, Pstl, EcoRV TYILABAER I Aoy FEKRBENA ( Fig. 17 )
COfRRE, SDH B FORMBRMK ( Fig. 15 ) LB LALEI A, ~Tn
4 F3D 1 a-0 SDH BEEFBEELTOVSE I EBRBE N L,

4. RIEEBEW» o hdMREEcCOoORFREBIEICE S SDE nRNA O
A& oA

BIBRUFEAEOHERP S, A4 3BT S #ifz . KIER B
CHEME T, BRFREMcREFHEE . MR cElidmicRily
5 MBI ER -, Fh, LEOHERD® S, SDE BzFR AT o4 FYh
A -THBEIENRENT, T, FhFholl - MK RML SDH #
EFORBCBELT, THAEFRCHIBELTHE->LKRKEESO nRNA 2 0WIFRHRR
sfex 72V Yy oERENDS nRNA BPEE I LA EENEEL LML,

FTCT. RIEE2HMEI DA HFEDOD—>THERHRBAUMB 2TV, 25 "C T
MrREZBHIELWLS., LA ORI, £ RNA 2B LT/, - 1T
VA4 €—-va vyEfTo7 (Fig. 18 )o COMBERBUBM OB SR, R
B> K 3 HEE TORKREEN., ROz o®%o S MK (B EOHEIKR
12 H) gcoRFREGBEOHMicAIET 2 SDI EHOLEH 2 HIB B+ 2
CEMNT&E B ( Yaginuma and Yamashita, 1979 )o COXMBEBMEII I B W T,

# 43 SDH cDNA 7@ — 7 & »T 1.2 kb @ SDH nmRNA DSEBMMHE% 1 HLDY
S HE ThRHHEN, LAL, BBAOLEKR 4 -5 HLDb 1.1 kb © SDH mRNA
BHBELEBES., ToHiE. 1.1 kb @ SDH nRNA D A BRH & s 1.1 kb D
SDH mRNA B i3, ~Y Folahro¥ir LT, BBRAE% ¢ B oML L. *
D% 1. 1 kb @ SDH mRNA B3, REAER ¢ HE TR/ L. $hdimit (RE
MEH 12 H) G THOHMLA. Lo R, RUBSHOME ( Fig
TERE ) o, KIBREEWO SDE nRNA O KE X3 1.2 kb THD. SR
cE CH EE B THE SN S SDE nRNA DK E XX 1.1 kb ThH % & %
Aot £ BFHREHORFHRTED SN S SDH nRNA B, BT 5 (<
1.1 kb T& % LHH & 1o
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- 212

Fig. 17. Southern hybridization analysis of genomic DNA.
Genomic DNA was digested with BamHI (lane 1), Pstl (lane 2) or
EcoRV (lane 3) and then hybridized with full length BmSDH cDNA as
a probe. Numerals on the right indicate the position of frag-

ments of A DNA double-digested with HindIII and EcoRI as size
markers,
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Days after HC! treatment

D ¥ 2 3 4 & &6 ¥ 8 9 10 11 12

. - 1.2kb
’ . § @ - 1%b

Fig. 18. Northern hybridization analysis for gene expression of
the BmSDH during embryogenesis. Diapause was broken by HCI1
treatment (specific gravity, 1.100 at 15 °C; 48 °C for 5 min)
after chilling at 5 *C for 30 days from 2 days after oviposition.
The HCl-treated eggs were incubated at 25 °*C until larval hatch-
ing (12 days). Each 30 u g of total RNAs extracted from eggs
with various stages was applied to 1.0% agarose gel. The RNAs
were hybridized with radiolabeled cDNA for BmSDH.
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5. SDH mRNA @ 5 XKIHH&E o RE

E3BEOHERLELELLOER I, KIREBEMWICHIB v 5 SDH nRNA & H i
BTHRBEST S SDH nRNA ORE & HWRERLZ s, &5 S #Efr T
o FE iz TATA box BRI BS Eh T hBinrEBiic « BEEL TV, #
5T O nRNA DR EZDERI. 5" KB EOR VIR LZ b bDOTH S EEX

S5 fo £ T SDH mRNA @ 5" K&, 2Fv. 41 v tew vyOEFEEDFH K.
RUEBHERAETRET IO, EFUIbCHFERLEN, Y5141~ -x227 257
vaes vl ERERAOREERAS A (Fig. 19 ) TOFHR, § FHHoO
ek ciz. BIRBMBADS 216 b Efo T cELELAREYERBEA, O
ODELEBHIEAE L, Fig. 16 WBWT +1 &Lk, COMERMIBAD 300D
E#icid. TATA box & LTEZXZ SN S TATATIT BBAMBELEL TWihko LML,
REE B EEDY ( Fig. 19 ). MAR (HREW) . RUDB (BEREW) TR, &%
R & L7 SDH mRNA ML BCTHA2LbDEEALNBEN., 54727 RF vy
s VETREERIEWMEZRB T 5 LR TEEDL - T

FIT. BBO nRNA TOHOARBHEOREN WML RACE H%E M W THITE
KA ( Fig. 20 )o RACE #Hic & % PCR EMET H e - 22X @Ak L. +
{ v vt B LT, SDH1. SDH2. SDH3 @4 Yy T X 4 v & F F ( Fig. 16 &
By 2*z2hFhnsSo - T elHwTnr4 TV FA4A€~-va vyEfT->1e £TDOEER.
SPDHS o 7w — 7 e Riht+ 2~y FRIBRE &L, -7 ( Fig. 20D )o SDH2Z O 7
n- FiRKEBET Aoy F (#0300 bp ) B, KIBEEBW cHomdRIBENLE. U
hofEHik,. B4K. dBCTRERBHEAE» >/ ( Fig. 20C )o SDHL © 7 m —
TR T By F (#0300 bp ) B2ToMBiebuww iAok (Fig.
20B J)o W > T, KIEEMBIP & ML Tt SDH nRNA DR B 5" K&
Ao EDBRRE N,

wicch 5o PCR EEW % Bluescript &% 72w~ =7 L, SDHL R ¥
SPDH2 ¥ v —FERIEd daw=-%R2Y)-=v7Llte TOHR.
Ix10° oo — i, KIBEBEBWBF TR, BHs o vid 56 . IEM& TR
B s v —viz 10 @, BB, BHEs7 e - i3 33 B, B R, Bk
o -y 3T HTH oo BHBICo&, 2 @70 Y EREBWERTIB L.

..67._



ACGT 12

Fig. 19. Primer extension analysis, A synthetic
oligonucleotide primer (SDH! in Fig. 16) was end-labeled, an-
nealed with 2 u g poly(A)* RNA from cold acclimated eggs (lane 1)
or larval fat-body (lane 2), and extended. The sequence ladder
generated with the same primer on a cloned DNA template shown in
lanes A, C, G and T, was used as a size marker.
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Fig. 20. 5' rapid amplification of c¢DNA end (RACE) of BmSDH
mRNA. (I) Procedure for RACE. Oligonucleotide sequences for
SDH-A, SDH-B, SDH 1, SDH 2 and SDH 3 were shown in Fig. 16.
Each 2 u g of poly (A)* RNA from diapause eggs chilled for 160
days (lane 1), fat-body (lane 2), silk-gland (lane 3) or mid-gut
(lane 4) was used for first strand cDNA synthesis using BmSDH
specific primer (SDH-A). The cDNA was dC-tailed by terminal
deoxynucleotidyl transferase and amplified by polymerase chain
reaction using dG-~tailed T7 primer and internal BmSDH specific
primer (SDH-B). In (II), half volume (25 u 1) of each reaction
product was analysed by 1.0% agarose gel electrophoresis stained
with ethidium bromide (panel A), and one-tenth (5 x 1) by 1.0%
agarose gel electrophoresis and Southern blot using each
oligonucleotide probe; SDH 1 (panel B), SDH 2 (panel C) or SDH 3

(panel D).
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A% - bFE&N PREVOERENEZREL 20

Terminal deoxynucleotidyl transferase K& 2 3° EX#E~D d6G F 7 i
dC Off . 10 - 19 BThHH. FHT2 L 14 HTHo->rho KIEEBM TR,
-129 © T ( %, Fig. 16 ) % 5 XK¥Eicbdb-> PCREMESL 7 v - v 2 @
Bonto CO PCREVOEEETI L S EEF D 129 S +234 b P T
ODHEBENI. TRIC—HB LTV, #->T. SIH 5 FoCofEBiciz,. 1 v
be v BEELBEWEE LS N 2,

KIEHZBER» G0 PCREWEAAL 70— viexL., EWETIR. +65 &
+85 @ A (O, Fig. 16 ) . HWAEB T, +66 © T & +95 ® A ( A, Fig.
16 ) BT, +72 © T & +87 @ A ( [J, Fig. 16 ). % 5 FK#ic &>
PCREVMIZEC 7 a-vhxzhEhEGonfod, ChioFic Lfwcit®y 3
8" K %ER>o PCREVMESL /70— viEohlibo-thhe CchhoDZ o~ >0
BEIC b, PCR ZEVMOBEEY &, SDH Bz F O +65 » 5 +234 b i C D H#’
AR —H LTk, -T. COBES SO BEFo oMo, 4
virereryREEhTvllbwdotEILohtlk, LhL, IO LI3iEc, ChHH5D
79 —y®D PCREWODO ' KIFoEBERILFTL &—Hd 25 &34 . KR
Bi. AR, RUdBickit s SDH BEEFOEEMIEMEZ O C CTIT » £ RACE
KL > TREFTBICEBES D - 20

¢
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243 SDH c¢cDNA 2 7w — JiRHWT, #42 SDH e F %2 u— »v{t L.
#1 10 kbp Kb 7 » THEEFEZRFE LA, THh%E #H 4 3 SDH cDNA o H X &5
EHBELAER, #4142 SDE EEFi 1T HoA v o ovyBaEhsdo &by
&8 5> feo B4 2 SDH @, zinc-containing long chain alecohol/polyol
dehydrogenase 7 7 I Y - K@ $T B &H, F3HTREaNke COT7 v 3 Y —
T, T Ttk b ADH ( Jeffery and Jornvall, 1988 ). F ® € 2 & ADH 1
( Dennis et al., 1984 ), b % £w a3 ¥ ADH 2 ( Dennis et al., 1985 ). o# #

&HF ADH 1, 2, and 3 ( Trick et al., 1988 ). Aspergillus nidulans ADH

( McKnight et al., 1985 ). Pennisetum glaucum ADH ( Gaut and Clegg.

1991 ). Pisum sativum ADH ( Llewellyn et al., 1987 ).

Arabidopsis thaliana ADH ( Chang and Meyerowitz, 1986 ). BERE ADH
( Jeffery and Jornvall, 1988 ) THEFH ERBH S Mic& LTV B M, SDH «©

BWTHEZFHESHobiCENAOWR A 42 SDE OBERTHYOHCTTH 5,

E&o ADH & A A4 2 SDH CT9 v /s HOo —~KHELEDOHNBEWCA ¥ F v
ODHEABABEEL TSI b E2hELL, TOER, 2 v s B0 3 KMHELEF
A4 v EMRENBBEARM ( Branden et al., 1984 ) &, 4 ¥ b u vy BiEASH
TWwWasb0R3DPH, 43 SDHODHEHAE, 1t ryofAffiRk FAis14 oK
VhiclRBERELAEL - (BREB) o L L. — M., €Y a -V EFITH B
BMAMic, 1 v rteryBEASATLBEENRBBEATEED ( Go, 1981,
1983 ) . #42 SDH KBLVTHEY a2 - VORYPhicA vy ituwrvBFASsAT
W5B I EMBIEMEL - (B, FIE)

142 SDH EE=FD 3 a- FHEOX)7F =2k rrrTdh b
AATAAA . 2 v 7B %23 - FFT 28 5OKMTHS TAL » 5 526 bp F it %
ClIBREELREP - CHiZ, Py Eoxy ADH1 BEZFDOLIIC, nRNA @
3' EK¥EiIc poly(A) ffmMm&EhTtwadictbhhbod, XY 7F=nfbsy 7 +n
At Wes DR DOh ( Dennis et al., 1984 ). & L AATAAN BELHT 34 5
HEOoRTHBICEET S SOUBDM, ThEL. AMTAM CHULLEERT

( AATATA % 7243 AATAAT ) CTHA T %2 & D ( Birnstiel et al., 1985 ) M oOh
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BEATEHEPTELZ O, LA L. 742 SDE cDKA 2. 1 olEHED
poly (A} RNA A D fEE XM A 57 75 - AoEoARLLOTE B H 5. SDHH
mENA @ 37 KIEFE. poly (A) R, fiMdhTtvwisnsEL SN d,

—BICEARTO 5 LHESCE, EEFORBEL2ES L TVWAIEFENELEL
TWade #42 SPE BEFO 5 EEEICE., TATA box M M+ 2 BH . 4
BHRETANLTLBANCEFLEZSD o fc, ¥/ 8 DI QOHF AT Y &4 4E -
s P OERED, A4 SMH EEFRB. ~"Fo A4 FF e, | 3 -Th3
EEA SN L L, /- F v 7Y 54¥ -3 vOEBELo. SDE nkNA
2 1.2kb & 1.1 kb @ P HBEHOAERZOLOBEET A LM FEERT, &
D mRNA DR EZIOERE. S EEES. AR, ¢ KBESOBEVRE LS L
D, BLEVR. A -AF - FF L TFTRATIA vy LB ORI E D
bOO 3 COREENE LS N,

Ti3A v -2 AF s rEicdy, Y EcCoEEHEBEARBRE S
hicdh, KIREBEH. B4, RUGTBToREMBARRTEEIN L b > o, #
RACE 2T - & A, RIEHESEM O SDI kN4 CHET 2 Pl EWo

L3
™

i~ ~

5 KR, BHATCO TS A -2 2F vy va v LB EEMIBA LD,
SolRERICHBEL T W, —FH. Ao SDHE nRNA il %5 PCR EH D
5 KMk, BHMETOERETEHBA LD THRECMHBL T W, #->T, & CTFF
>ft RACE ZTR. TN EXNWOBEHEBERZRESTDICBES LD » . D
CEHHRBEBEBMBENBMB TR, EERHBASRL L I ENRE T N1,
1.2 kb & 1.1 kb O & & © SDH mRNA &, SDH #imF o 5 filLy 2 HHE 3
HHOD TATA box o DEEDEVWELEK TSI bDEEL N E, 2F 0. KIE
HEWNCR. F4 20T o9, il cid. Yo+ v v s~y
- SOEEBRITObATVLWE bDEEL SN S,
CODEIBA-NF —FF 4T FuE -5 -%FoMEF ( Schibler and

Sierra, 1987 ) . ¥4 2 a9 <3 9z ( Drosophila melanogaster )

ADH gene, antenpapedia gene, caudal gene. @9 A & 5 o b alpha amylase

genes. J v b aldose A gene. & b aldose gene. HEOLEWHE O nyosin

light chain gene THI S LT W 3%,
T, MOBEFCEEENTVE I LAY IFDIE, UTFTObDIE #
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{ ¥znduos seyxis T oBERATEELTVWAER Y

P EVEIA TS FoTea{T/aaaiastse)

742 E BEFELEELTUVR ( Fieg 18,
L BEIX AR, BBy 2 HAETOS
LTvw s REFTHLEENLFETSENTRA L
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- T FrrHEBLEEAL {(Table § ) LL. Fi
& 2S5 e, FAHE, FS0v Y Y s gz OBy o

g
=

FHE ¥P-1 { Hesg snd ¥ensink, 198%1; Hovemann snd Galler, 1982 }. ¥P-2

i., 1887 ). # o R X AN D

fole ot al.., 1838 1.

¥gng st al., 1889 ) @& TFw
REEEDryrxzrrryrrFRAVHENEL ke L b, 42 va 9 Py Yo
T ADH OBEEF TR, COvxx LAy iy, RdtlglidAcoRBicls 4+ 3
F42 0T oEe-—9-0rtBReB3FEELEST. it coRBAcPlEs 57
gF N T OoE - -DFEHRBICBEEL T ( Benyajati et al.,
1983 o /. A A4 20K E S v 7 H SP1, SP2 MEF T, YV 7 b7y
Ak, SEHEdEROBHE oDy Rz LAY ILEHAYT S
v BOEEBRBEN T WS ( Sakurai et al., 1989 )o #» T, C® ¥ R
TV AYEPR. GE - @ENAETORRBCHFRENTHD, COYRz LAy
REeT 20 AEHEBRRENRTFICE > T, SV B FoS Riglifk ¢co B »H
HaEnhTwsaENRRE A

F . A4 3D fushi tarazu FHE sy v 2 H ( FTL-F1 ) & BV

5'~PyCAAGGPyCPu-3" ( Ueda and Hirose, 1991 ) #. H# 4 3 SDH #izF i b B
ot ( Fig, 16, @G o cO 2 v 2B, BABRTDOY 4+ T oA vik
EFORBCHEENSBZ CEBREENhT WS ( Ueda and Hirose, 1990 )o B
5T CDOYRZ LAY PREABRTO SDH EzFoRBICHMBEELTWV S &E
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Table 2

Heptanucleotide sequence in the upstream region of the genes

which are mainly expressed in larval and pupal fat bodies. The numbers

refer to the position of the 5' end of the sequence in the gene and are
The references are

numbered relative to the transcription start site.

as fol%ows. 1. Hishida, 1993. 2. Fujiwara and Yamashita, 1992.
Sak?ral et al., 1988. 4. Fujii et al., 1989. 5. Mori et al., 199
Mori et al., 1991b. 7. Sun et al., 1991. 8. Xanthopoulos et al.,

Willott et al., 1989.

10. Benyajati et al.,

1983.

3.
la. 6.
1988. 9.

11. Kylsten et al.,

1990. 12. Reichhart et al., 1992. 13. Delaney et al., 1986. 14. Kobayashi
et al., 1989. 15. Matsumoto et al., 1986.
reference
Bombyx mori Sorbitol dehydrogenase ~-332 TGAAAAG
Anti-chymotrypsin -46 TGATAAA 1
Chymotrypsin inhibitor 1 -1001 TGAAAAT 1
Larval serum protein -73 TGATAAA 2
Storage protein 1 -170 TGAAARA 3
~72 TGATAAT
Storage protein 2 -534 TGAAAAA 4q
-117 TGAAAAG
-84 TGATAAT
30K protein 6Gl -1428 TGAAAAT 5
-1384 TGAAAAA )
30K protein 19G1 -149 TGATAAT 6
30K protein 21G1 -66 TGATAAG 6
Hyalophora cecropia Acidic attacin -643 TGATAAT 7
-240 TGATAAT
~-164 TGATAAT
-123 TGATAAA
Basic attacin ~-219 TGAAAAG 7
Cecropin B -328 TGAAAAA 8
Munduca sexta Arylphorin a subunit -89 TGATAAA 9
B subunit -93 TGATAAA 9
Drosophila melanogaster Alcohol dehydrogenase -76 TGAAAAG 10
Cecropin Al -678 TGAAAAA 11
-593 TGAAAAA
Diptericin -2199 TGAAAAA 12
-212 TGAAAAT
Larval serum protein l-o -468 TGATAAA 13
1-B -200 TGAAAAA
1-y -285 TGATAAG
Sarcophaga peregrina Lectin -230 TGATAAT 14
Storage protein -89 TGAAARAA 15
Consensus TGA{(A/T)AA(R/G/T)
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AN B Ty, T YVRAF oL FIREXL A b ( Ozyhar et al., 1991;
Cherbas et al.., 1991 ). heat shock RIG = v % ¥ b ( Pelham 1985 ) i [
OB ZEFNIZ #4143 S BEFERBD SR b - £,

ER. AAIDY ) AHEBVREEIATVWERVELEN TS 3 Bl
( Adams et al., 1986 ). BmX ( Wilson et al., 1988 ). 7 4 T o 4 v 58 1 4
v b ® v ( Kusuda et al., 1986 ) WEEF X, » 4 3 S HEF O FHEHE
A v braryrfiig@sshit, COMBBVELEN P AEZTFENLO P cCEBS
PEEERILLTEREELSNTWS ( Ichihara and Mita, 1992 ),

FIBRUEBATILENT, A4 3 SDH Gl fs Fid. ORISR © 12 09 35 40 0.
BFREBTREFAE. HEE@ERY cRBHAME cREY 3 & & 554
Nfco COBRBTEBBRAABOTRNO —Dit, ¥ -V s —F 54 T Fu e -4
—OEVWSEHEHED. I BEOKEED nkNA 2E LSV TOVWE S ERRR S h
o 5. SDH BEFOREAY, COBRBEBERFRL-THBERTY 3 b %
Hobicd 52 ENFEHTH 3,
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& 2=

1. #1143 SDH EfEFE. & 10 kbp ichbib, 8 oxs v rkvikbhir-
TWi, E@BICid. TATA box HEEY B, t Brh Fhlhr-BlicEELT
Wi,

2. 43 SDH EfsFR3 AT o4 FFXsaYp,. 1 ab-THd&EMBREM
o

3. PREREBRBEHACIK, - F o A7V 54 €-va yBffickd 2 »0OR
MBE&EDO SDH nRNA RRHEhi, 20, ARBLEE (KIREEH» S
BFRERGM) 1 -5 Hi 1.2 kb OKE& &, ARBLER (BTG HRM
4 - 12 Hiz 1.1 kb DKRE&ETH » o

4, TS5 4w —-—T I RF s YERU 5 RACE #:ic kv, SDH #ife F k. Ik
BREEEI (160 HREIKE ) TRF 1 2/ VT o ®— %, GBS+

RN Ta - - LV EEFHBINE I EBRBE N 1,

5. SDH #Ef= F @ 5 L. $hdt - WIEHi&dCcRAST 2T IEHT
VAIT VLAY FPBEEIN L,
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= &= s

ARAELELABERYE Fig. 21 WRL%L, Sl BEFORBB. UFok
SRHAHMEN TV S LHRLL. KIBIFOBE, 25 ¢ TROKRED S H Lo B
BETRBREFORENEUN, TOERRBERIGEIET 2, COIcE VT, SDA
BETORFBIECST 0, LAL. S C T 40 - 50 HEIBEET 3 & kb,
SVH BT ORBEMNPHEMABM THILEENE, COE S icHEFT 5 SDE nRNA 4.
FTA4RINVNT -9 -ho@mBIN, 1.2 kb OKXETH 5,

—H. FKBIBOBE, 25 ¢ T BFRGFMEY S REFREF#

I -2 H (stage 7; ¥REOHAFMMUCER TSI ORKER F - OR T &M
BULABRFOR 7 - v, @R, 1969 ) DoRB T 5, F#® 3 B SN @i
TORBBHIE., WEMBEE FTod 5, FREBIF CRMEL CHBETRE M EH
THROREMBLEETCELSORBABBE DI S VT HHEMTCE WA, K
BBDOEREERST D LBEMBOAFE VD LM SN D, & O T
DHEFREB, SIH BEEFOF 4RIV T a0 E -5 -bolEEE&NS 1.2 kb O
mRNA TH B EHEA oMb, TOHk, MFORFCHW SDE nRNA ORF R/ KT
AMETHML TV, WHEOFMHEL, FHMBEHMB L, WHEMWMHEO SDH
mRNA BR B DT 5, MFCTRHEEN S SDH nRNA O A & S i3, 2O HhTIRE
Wi, B€s (et ver7at-3-DoEFEEANSE 1.1 kb ® nkNA T &
PEEAOND, COWMIR., REMBEWERD | REMBE OB T8 2.
TORBEDT 5, Ric, YYHOMBER. 0. EHEOBERKckVHY
SDH mRNA O RB B UIMAL T CWMT 2, COoYhEBcoRFE I, SIE BEF D
TuoFveAsTe T -5 -CKELTW B,

PlEo kS5, SDH BEFE. ARIREBW W BEMM. B FkE W ET M@
B, RUSREBHERB BB TERALTVSE, — i, #EFo0
REFGH R, B - HBRANBEERF (v 22 Vv A Y FRUE PS5 Y277
T4V IS T 2 -) BEABLTWEEEZ SR TW S,

AKEEBEH co S BETFOREABALH I, 2 OB E L SN 5,
SDH BIZzF o EHRHic, EHIMEFORBEBEEL T VW I BEEMEEKFoONLEN
B LTWaBAaETH 2, SIE BMETORFEAEPEHG T 2HFORT 1. KIE

~77~



Diapause Non diapause

5°C 25°C
Dispouse Iermination b Larvl tinave formmiion

] -— - -
i i Embryonie growth
g % 1
i |
i E

0 20 40 60 30 (09 ot 1 2 4[S]s 7 & u[if

Deys #fter oviposition Days alter oviposition

Localization of
BmSHH mRNA

Length of

BmSDH mRMA Tk 1a2kb or Lhb? 19k
Prometer Digtal? Distal or Proximal? Proximal?
Fig. 21. Summarized results for the temporal and spatial expres-

sion of BmSDH gene in diapause and non-diapause eggs of B. mori.
In diapause eggs, BmSDH gene is induced by chilling at 5°C which
is effective to break down the diapause, and the gene expression
occurs in yolk cells, indicating yolk nucleus-dependent gene ex-
pression. In non-diapause eggs at 25°C, BmSDH gene is
expressed in the course of embryonic development. The occurrence
of BmSDH transcript corresponds to two developmental phases, the
first phase to the growth of embryo and the second phase to the
formation of larval tissues. During the first or the second
phase, BmSDH gene is expressed mainly in embryonic cells or fat-
body cells, respectively.
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RBUHERUCUREEEHOR» S AT NEE Yy v 7 BAMB LT, SDH EEF @
5 LHRBEEST IS Y ANBEET AL EILEY LY 7 P ESERVWT
HAETOLENS %, SV BETFREST B v BN, KIRKBWOK ¥ v
“sEPOREBENAES LR SV BEFORB MR FIMEE S 2 2 & o,
55VRAKBEEBEHOB Y v /7 H P SRHENABECRERIERFLMEE T
BLEBEZOSNS, SDH MG TORBAAHRB ML EERNFEHS »hic
BlERE-T, ChETL2AHSHAIREIATVWHE M- 5 "C It & 2 KIEMR
KEBLBZFVUVANLTOBBAIBEBRHO AL RBbDEEL LN B,

BFEBFICHED SVE BETFORBAOKHHEE. BFRENH» S o 9 4 £ T 5
~ORBOVVOBANBKEILZETH %, Sl iz TFoRHoCoWoBA .,
B - HBSENUEGEERNFLL->CHBEATVWAILELZ OB, COMBIE
ERFEHOLIKT B LIRE-T, BMFRECE T 5 9 #5910 B G B
ZPHOAIRKSTBIENTEL O DODEEZL LN B,

A4 aRIEPBEE BT, SIE Bz FORBEE 5 ¢ Bidiicd - THBAS L
aH, —fgic. ECOEYMTOLABREOL [EE ( Schlesinger, 1990 ).
{t¥¥HE ( Marguet and Lauquin, 1986 ). MK ( Sach et al., 1980;
Dolferus et al., 1985 ). &K ( Gutierrez et al., 1989 )% ] (& » T4}
ENR Iy 7 BVPFEBINLZIEBHON TS, BRICE S cold shock
protein O FH I, KBE&E ( Jones et al., 1987; Goldstein et al., 1390 ).
B 2 ( Kondo and Inouye, 1991; Kondo et al., 1992 ). Ki# ( Maniak and
Nellen, 1988; Muller-Taubenberger et al., 1988 ). BEHH®#MW ( Guy, 1990;
Thomashow, 1990 ) THIS A TV AN, WFholB & bHEMO 5> bic#H & h
LB PHIIEEIENT VWS, ABBEROLELL LI TCHEBEN Ly v s Hod
THEOLILH SN TWB Dk, heat shock protein { HSP ) €. BHE & i#i{z T+ %
BoMG» o FMBRAAESBRENLT WS ( Sorger, 1991 )o L A L. B 5l Mg s
Whic LT HSP B FORBECMEHATION, $LBEL Y -, o0
TP LI TWVWHE Y ( VanBogelen and Neidhardt, 1990 )o

4 aKBIWTO SDH A= FORBCE. 5 "C oKL 40 - 50 HMLE
TH b, t>T. LB vy /7HOFBEBYRBR - L RBPATHRBBEE
+3b0EEALONDE, CORMOBREEELABEEZFHAR. BEROoOKER
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FOPT, RLVSHBEHRVEBBEE (2-3 #H ) cxdibd shdic. B
APREDOT a7 5 oo TERBLTHKLLDOTHE A, £, COMEENWHE
DERY. EVMOREFCL-THELEIN 20, RBdokiREwcBohrBHET
BE, BAREYEBECHESILEIEARTSH 3,

Bl A, 3 X7 5% ( Aurelia aurita J)id. #*Y 52 buwbs, 2L
TT745NEEET IR, 2F0, BUABMIPOHFUHEMABIT T 2. &L
L 1S TCOBBEMN I -4 BHSLEE TS (KB, 1975; - &K, 1978;

MngE. 1986 ) o &4 v/ x5 72 5% ( Cladonema uchidai ) @ £ Y 7 &,
10 - 13 "C OB 2 -3 PHHBRBEST 2Lk, £ 7 od ik
BEKENES S (B, 1978 ) o £/, k& F35 ( Pelmatohydra robusta )
BEUHELEEET AL OOMERILEHBET 2D, 18 °C S 10 °C.
18°C 25 24 °C ~DES5RBAHBTEEEZL, BREAIFHRC - EHWMW S
EBBETH S ( Pears et al., 1987 J)o LM L. WFhoBE BT b, &
BB EDOREIFUVRALVTCHEHAHLTVE23EShcdN TRV, EYORE
CHBLEIENDSLEDLIIBVEROMEMERF L AVTCHRHEST S LT 7 4 3k
RIETOEBICL S SDH BRFREOSFHBEEHI» LTI LR, BERTEE
TbDO2bDEHFZEAL 6N B,
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3y &

AR ZTO LBy, BREDoNEHEE., HEREBY I LAZETEX
FREFTONBAHGHETCESBILELET TS, FTh,. FXORTRUAEAHR
XOMERICHLD, BLOWBRLAPELZHBE LI LABETEAYEY RO
W THRBHER., MAMBLDERCE(CRAFLESE S, BiXoBECTHAR
HERECHPELTHEI LI LAGIER¥EER oL AREHR., EHEBAE
BFYFROoBETHR. BHRBHEKRY¥EFEFTo /MR LD, B kEEE
XEVMARMAFT oL~ AE BT, EHRERFEBRBER 0 & W ¥ AW - &
HeEL LT 9, Tl DNA HE v -2 2 o4 - RUA*A=- T+ 549 —%
ERHFT IO THBEXHECE L L, ARXEH LI EREESTLAZ
TERFBRBYHOBIBEBCEHRHE LEST, Soit, ARXEPLIHEE
HEFLAEGLEAR¥BFROEHEHE., oV eHBROBETCHBIH L
LEERFEBFHBOMEERE., BERY¥BEOHEHRc Lo BLEL LY & T,

-81.,



sl AH X @k C FO =X D

HREE - Roo# (1991) 241 20RE - RS HHBERHOLTH - i1 ~
CEHHBEFGWETCO Y/ LV E P - L ER-. HIT#MAH 15 11-20.
EHEW (1993) A4 ok er Bl ve vy - DHETFHELRAAL
BREBCHEITINR. BLHX. EHEAFAFHEAEXHEH.

Wi ¥ (1975) 2 5%, BE#E HKRKEVBY 10 HBEEET (KBF—
- ARE - BHHBAR) . HEBE. 5. pp. 75-96.

MEgEFE— (1978) 2 S YOEE. THEOEMFE (BARLEEMYLE) . HKkE
JE. B 5. pp. 35-63.

MBEE— (1986) ALBKTCHERBBYMEEE T 2. HHR EMHE 48, 104-106.

INBR G EL - BIBRIIE (1986) Y A K F - A BEIU LA CHRBMEM I L 2 B
ODEHRARE REWOERWMRGECMITIHMAE (RF. WTFTHRE) . B
. pp. 21-30.

T - EABIT (1978) 3 X254, B LHHE 40, 4198-501.

BHHF— - BRALK (1957) BRI Insecta. WHEHBHYMREY (AKXNZE - H
BEE) . REE. FE. pp. 287-231.

AMBEHE (1979) BE. REBA¥Y (HABAL¥ELH) . HABAFMIE. 3
pp. 156-173.

KRR - %K - dHES - LREFH (1976) 4 a0 E s sEEEXN
Bi%. HEM 45, 225-231.

EBRXK (1969) BREKLH. 2EHEEWHS. HA.

Al g KER (1909) EEH. LG, HEH.

Mas b (1929) BES¥. sAEfE. HA.

BABK (1924) R@mofbtEicBs 20K, BAM 6, 411-455.

MBRE - L TERE (1977) FEP ORI - #KEF - HBicE b > 2y a -
Frve ynveEbr—n, Yt - 2VBOERH. HBYE 46, 5-10.

IWARBE (1984) BRE~OEHLEHMOREO LS. HEix 38, 9-14.

WWFRE (1984) RELLEE. RBALY (BFBREXEE) . BHEHE. Hi.

pp. 213-248.

_82_



W TFTEE (1992) BEHoZE - KEExLVvE Y, 7 -7 0BdRid (HEKAAE
%) . RHARE. ®5. pp. 15-44.

W FEE (1993) HERECTHKER., BEKBEE s rEvyOFEHER., vz 0olR>BL ()
R - BILERLE&E) . BREE. HEix. pp. §8-63.

W TFTEE - $HEEHE (1984) KR, FBAEMLF (FRYAEEX) . B¥EHE. HiE.
pp. 249-279.

_83_



C I D

Adams, D. S., Eickbush, T. H., Herrera, R. J. and Lizardi, P. M.
(1986) A highly reiterated family of transcribed oligo(A)-
terminated, interspersed DNA elements in the genome of

Bombyx mori. J. Mcl, Biol. 187, 465-478.

Andrewartha, H. G. (1952) Diapause in relation to the ecology of

insects. Biol. Rev. Cambridge Phil. Soc. 27, 50-~107.

Aronson, B. D. and Somerville, R. L. (1989) The primary structure

of Escherichia coli L-threonine dehydrogenase. J. Biol.

Chem. 264, 5226-5232.
Benoist, C., O'Hare, K., Breathnach, R. and Chambon, P. (1980)
The ovalbumin gene-sequence of putative controel regions.

Nucl. Acids Res. 8, 127-142.

Benton, W. E. and Davis, R. W. (1977) Screening A gt recombinant

clones by hybridization to single plaques in gitu. Science

196, 180-182.
Benyajati, C., Spoerel, N., Haymerle, H. and Ashburner, M. (1983)
The messenger RNA for alcohol dehydrogenase in Drosophila

melanogaster differs in its 5’ end in different

developmental stages. Cell 33, 125-133.

Birnstiel, M. L., Busslinger, M. and Strub, K. (1985)
Transcription termination and 3’ processing: the end is in
site! Cell 41, 349-359.

Bradford, M. M. (1976) A rapid and sensitive method for the
quantitation of microgram quantities of protein utilizing

the principle of protein-dye binding. Anal., Biochem. 72,

248-254.

-84~



Branden, C.-I., Eklund, H., Cambillau, C. and Pryor, A. J. (1984)
Correlation of exons with structural domains in alcohol
dehydrogenase. EMBO J. 3, 1307-1310.

Buning, J. (1980) RNA synthesis during early embryogenesis of
mass cultured highly synchronized coleopteran embryos.

Wilhelm Roux's Arch. 188, 215-224.

Capco, D. G. and Jeffery, W. R. (1978) Differential distribution
of poly(A)-containing RNA in the embryonic cells of

Oncopeltus fasciatus. Dev. Biol. 67, 137-151.

Cavener, D. R. (1987) Comparison of the consensus sequence

flanking translation start site in Drosophila and

vertebrates. Nucl. Acids Res. 15, 1353-1362.

Chang, C. and Meyerowitz, E. M. (1986) Molecular cloning and DNA
sequence of the Arabidopsis thaliana alcohol dehydrogenase

gene. Proc., Natl. Acad. Sci. USA 83, 1408-1412.

Cherbas, L., Lee, K. and Cherbas, P. (1991) Identification of

ecdysone response elements by analysis of the Drosophila

Eip28/29 gene. Genes Devel. 5, 120-131.

Chino, H. (1957) Conversion of glycogen to sorbitol and glycerol
in the diapause egg of the Bombyx silkworm. Nature 180, 606-
607.

Chino, H. (1958) Carbohydrate metabolism in the diapause egg of

the silkworm Bombyx mori.- II Conversion of glycogen into

sorbitol and glycerol during diapause. J. Insect Physiol. 2,
1-12.

Christensen, U., Tuchsen, E. and Andersen, B. (1975) 1Initial
velocity and product inhibition studies on L-iditol:NAD

oxidoreductase. Acta Chem, Scand. B, 29, 81-87.

-85_



Cole, K. D. and Wells, M. A. (1990) A comparison of adult and

larval Manduca sexta apolipophorin-III. Insect Biochem. 20,

373-380.
Cole, K. D., Smith, A. F. and Wells, M. A. (1990) The structure

of the apolipophorin-I11 gene from Manduca sexta. Insect

Biochem, 20, 381-388.
Coulon, M. (1988) Comparative changes of ecdysteroid content in

Bombyx mori eggs in diapausing and non-diapausing

development. Comp. Biochem. Physiol. 89A, 503-509.

Dallman, M. J. and Porter, A. C. G. (1991) Semi-quantitative PCR

for the analysis of gene expression. In PCR, A Practical

Approach (ed. by McPheron, M. J., Quirke, P, and Taylor, G.
R.), pp. 215-224. Oxford University Press, Oxford.
Davis, B.J. (1964) Disk electrophoresis. II1. Method and

application to human serum protein. Ann. NY Acd. Sci. 121,

404-42T7.
Dean, R. L., Locke, M. and Collins, J. V. (1985) Structure of the

fat body. In Comprehensive Insect Physiolgy, Biochemisry and

Pharmacology (ed. by Kerkut, G. A. and Gilbert, L. I.), Vol.

3, pp. 155-210. Pergamon Press, New York.
Delaney, S. J., Smith, D. F., McClelland, A., Sunkel, C. and
Glover, D. M. (1986) Sequence conversion around the 5' ends

of the larval serum protein 1 genes of Drosophila

melanogaster. J. Mol. Biol. 189, 1-11.

Dennis, E. S., Gerlach, W. L., Pryor, A. J., Bennetzen, J. L.,
Inglis, A., Llewellyn, D., Sachs, M. M., Ferl, R. J. and
Peacock, W. J. (1984) Molecular analysis of the alcohol

dehydrogenase (Adhl) gene of maize. Nucl. Acids Res., 12,

...86_.



3983-4000.
Dennis, E. S., Sachs, M. M., Gerlach, W. L., Finnegan, E. J. and

Peacock, W. J. (1985) Molecular analysis of the alcohol

dehydrogenase 2 (Adh2) gene of maize. Nucl. Acids Res. 13,
127-743.

Dolferus, R., Marbaix, G. and Jacobs, M. (1985) Alcohol
dehydrogenase in Arabidopsis: analysis of the induction
phenomenon in plantlets and tissue cultures. Mol, Gen.
Genet. 199, 256-264.

Eklund, H., Horjales, E., Jornvall, H., Branden, C.-I. and
Jeffery, J. (1985) Molecular aspects of functional
differences between alcohol and sorbitol dehydrogenases.

Biochemistry 24, 8005-8012.

Eklund, H., Nordstrom, B., Zeppezauer, E., Soderlund, G.,
Ohlsson, I., Boiwe, T., Solderberg B., Tapia O. and Branden

C.-I. (1976) Three-dimensional structure of horse liver

alcohol dehydrogenase at 2.4 A resolution. J. Mol. Biol.
102, 27-59.

Eklund, H., Samama, J.-P., Wallen, L., Branden, C.-I., Akeson, A.
and Jones, T. A. (1981) Structure of a triclinic complex of
horse liver alcohol dehydrogenase at 2.9 A resolution. J.

Mol. Biol. 146, 561-587.

Fujii, T., Sakurai, H., Izumi, 8. and Tomino, S. (1989) Structure
of the gene for the arylphorin~type storage protein SP2 of

Fujiwara, Y. and Yamashita, O. (1991) A larval serum protein of

the silkworm, Bombyx mori: cDNA sequence and developmental

specificity of the transcript. Insect Biochem. 21, 735-742.

-87~



Fujiwara, Y. and Yamashita, O. (1992) Gene structure of Bombyx

mori larval serum protein (BmLSP). Insect Mol. Biol. 1, 63-

69.
Fukuda, S. (1951) The production of diapause eggs by
transplanting the suboesophageal ganglion in the silkworm.

Proc. Jap. Acad. 27, B872-677.

Fukuda, S. (1952) Function of the pupal brain and suboesophageal
ganglion in the production of non-diapause and diapause eggs

Gaut, B. S. and Clegg, M. T. (1991) Molecular evolution of
alcohol dehydrogenase 1 in members of the grass family.

Proc. Natl. Acad. Sci. USA 88, 2060-2064.

Gharib, B., Legay, J.-M. and Reggi, M. D. (1981) Potentiation of
developmental abilities of diapausing eggs of Bombyx mori by
20-hydroxyecdysone. J., Insect Physiol. 27, 711-713.

Gharib, B., Reggi, D. M., Connat, J.-L. and Chaix, J.-C. (1983)

Ecdysteroid and juvenile hormone changes in Bombyx mori

eggs, related to the initiation of diapause. FEBS Letters

160, 119-123.

Go, M. (1981) Correlation of DNA exonic regions with protein
structural units in haemoglobin. Nature 291, 90-92.

Go, M. (1983) Modular structural units, exons, and function in

chicken lysozyme. Proc. Natl. Acad. Sci. USA 80, 1964-1968,.

Goldstein, J., Pollitt, N. S. and Inouye, M. (1990) Major cold

shock protein of Escherichia coli. Proc, Natl. Acad. Sci.

uUsa 87, 283-287.

Gutierrez, C., Ardourel, M., Bremer, E., Middendorf, A., Boos, W.

and Ehmann, U. (1989) Analysis and DNA sequence of the

_.88_



osmoregulated treA gene encoding the periplasmic trehalase

of Escherichia coli K12. Mol. Gen. Genet. 217, 347-354.

Guy, C. L. (1990) Cold acclimation and freezing stress tolerance:

role of protein metabolism. Annu. Rev. Plant Physiol. Plant

Mol. Biol. 41, 187-223.
Hasegawa, K. (1951) Studies on the voltinism in the silkworm,

Bombyx mori L., with special reference to organs containing

determination of voltinism {(a preliminary note). Proc. Jap.

Acad. 27, 667-6T71.
Hasegawa, K. (1957) The diapause hormone of the silkworm, Bombyx

mori. Nature 179, 1300-1301.

Hayakawa, Y. and Chino, H. (1982a) Temperature-dependent
activation or inactivation of glycogen phosphorylase and

synthesis of fat body of the silkworm Philosamia cynthia:

the possible mechanism of the temperature-dependent
interconversion between glycogen and trehalose. Insect

Hayakawa, Y. and Chino, H. (1982b} Phosphofructokinase as a

possible key enzyme regulating glycerol or trehalose

accumulation in diapausing insects. Insect Biochem. 12, 639-
642.

Hochachka, P.W. and Somero, G.N., (1984) Off-switches in
metabolism: from anhydrobiosis to hibernation. In

Biochemical Adaptation, pp. 204-249, Princeton University

Press, New Jersey.
Hoffmann, J. A. and Lagueux, M. (1985) Endocrine aspects of

embryonic development in insects. In Comprehensive lnsect

Physiolgy, Biochemisry and Pharmacology (ed. by Kerkut, G.

_89_



A. and Gilbert, L. I.), Vol. 1, pp. 435-460. Pergamon Press,

New York.

Hovemann, B. and Galler, R. (1982) Vitellogenin in Drosophila

melanogaster: a comparison of the YPI and YPII genes and

their transcription products. Nucl. Acids Res. 10, 2261-

2274,
Hung, M.-C. and Wensink, P. C. (1981) The sequence of the

Drosophila melanogaster gene for yolk protein 1. Nucl. Acids

Res., 9, 6407-6419.
Hung, M.-C. and Wensink, P. C. (1983) Sequence and structure

conservation in yolk proteins and their genes. J, Mol. Biol.,

164, 481-492.
Ichimura, S. and Mita, K. (1992) Essential role of duplications
of short motif sequence in the genomic evolution of Bombyx

mori. J. Mol. Evol., 35, 123-130.

Ikeda, M., Yaginuma, T., Kobayashi, M. and Yamashita, O. (1991)
cDNA cloning, sequencing and temporal expression of the
protease resposible for vitellin degradation in the

silkworm, Bombyx mori. Comp. Biochem. Physicl. 99B, 405-411.

Imai, K., Konno, T., Nakazawa, Y., Komiya, T., Isobe, M., Koga,
K., Goto, T., Yaginuma, T., Sakakibara, K., Hasegawa, K.,
and Yamashita, O. (1991) Isolation and structure of diapause

hormone of the silkworm, Bombyx mori. Proc. Jap. Acad. 67,

Ser. B, 98-101.

Jeffery, J., Cederlund, E. and Jornvall, H. (1984) Sorbitol
dehydrogenase. The primary structure of the sheep-liver
enzyme. Eur. J. Biochem. 140, 7-16.

Jeffery, J. and Jornvall, H. (1988) Sorbitol dehydrogenase.

wgo_



Adv. Enzymol, 61, 47-106.

Johnston-Dow, L., Mardis, E., Heiner, C. and Roe, B. A. (1987)
Optimized methods for fluorescent and radiolabeled DNA

sequencing. BioTechniques 5, 754-765.

Jones, P. G., VanBogelen, R. A. and Neidhardt, F. C. (1987)
Induction of proteins in response to low temperature in

Escherichia coli. J. Bacteriol. 169, 2092-2095.

Kai, H., Kawai, T. and Kawai, K. (1987) A time-interval
activation of esterase A4 by cold. Relation to the
termination of embryonic diapause in the silkworm Bombyx

mori, Insect Biochem. 17, 367-372.

Karlsson, C., Jornvall, H. and Hoog, J.-0. (1991) Sorbitol
dehydrogenase: cDNA coding for the rat enzyme. Variations
within the alcohol dehydrogenase family independent of
quaternary structure and content. Eur. J. Biochem. 198, 761-
765.

Karlsson, C., Maret, W., Auld, D.S., Hoog, J.-0., and Jornvall, H.
(1989) Variability within mammalian sorbitol dehydrogenases.
The primary structure of the human liver enzyme. Eur. J.
Biochem. 186, 543-550.

Kawooya, J. K. and Law, J. H. (1983) Purification and properties

of microvitellogenin of Manduca sexta. Role of juvenile

hormone in appearance and uptake. Biochem., Biophys. Res.
Commun. 117, 643-650.

Kobayashi, M., Hashimoto, Y., Seki, H. and Watanabe, H. (1988)
In vitro translation of RNA from the midgut of the silkworm,
Bombyx mori, infected with a Densonucleosis Virus. J,.

Invertebr. Pathol. 52, 258-267.

_91_



Kobayashi, A., Hirai, H., Kubo, T., Uenc, K., Nakanishi, Y. and
Natori, S. (1989) Cloning and in vitro transcription of the

Sarcophaga lectin gene. Biochim. Biophys. Acta 1009, 244-

250.
Kogure, M. (1933) The influence of light and temperature on

certain characters of the silkworm, Bombyx mori. J. Dept.

Agr. Kyushu Imp. Univ, 4, 1-93.

Kondo, K. and Inouye, M. (1991) TIP 1, a cold shock-inducible

gene of Sacchromyces cerevisiae. J. Biol. Chem. 266, 17537~
17544,

Kondo, K., Kowalski, L. R. Z. and Inouye, M. (1992) Cold shock
induction of yeast NSR1 protein and its role in pre-rRNA
processing. J. Biol. Chem. 267, 16259-16265,

Kunkel, J. G. and Nordin, J. H. (1985) Yolk proteins. In

Comprehensive Insect Physiology, Biochemistry and

Pharmacology (ed. by Kerkut, G. A. and Gilbert, L. I.}, Vol.

1, pp.~83-111, Pergamon Press, Oxford and Elmsford, New
York.

Kurata, S., Koga, K. and Sakaguchi, B. (1979) Differential
changes in nucleolar size and ribosomal RNA synthesis during
diapause break by prolonged chilling in Bombyx eggs. J.

Insect Physiol. 25, 115-118.

Kusuda, J., Tazima, Y., Onimaru, K., Ninaki, O. and Suzuki, Y.
(1986) The sequence around the 5’ end of the fibroin gene

from the wild silkworm, Bombyx mandarina, and comparison

with that of the domestic species, B. mori. Mol. Gen. Genet.

203, 359-364.

Kylsten, P., Samakovlis, C. and Hultmarkm, D. (1990) The cecropin

_92_



locus in Drosophila; a compact gene cluster involved in the

response to infection. EMBO J. 9, 217-224,

Laemmli, U.K. (1970) Cleavage of structure proteins during the
assembly of the head of bacteriophage T4. Nature 227, 680-
685,

Lawrence, P. A, (1992) The Making of a Fly, Blackwell Scientific
Publications, Oxford.

Lindstad, R. I., Hermannsen, H. and McKinley-McKee, J. S. {1992)

The kinetic mechanism of sheep liver sorbitol dehydrogenase.

Eur. J. Biochem. 210, 641-647.

Lipman, D. J. and Pearson W. R. (1985) Rapid and sensitive
protein similarity searches. Science 227, 519-524,

Llewellyn, D. J., Finnegan, E. J., Ellis, J. G., Dennis E. S. and
Peacock, W. J. (1987) Structure and expression of an alcohol

dehydrogenase 1 gene from Pisum sativum (cv. "greenfeast").

_41_;_ MOl- BiOl. }-95, 115"'123-

Maniak, M. . and Nellen, W. (1988) A developmentally regulated

membrane protein gene in Dictyostelium discoideum is also

induced by heat shock and cold shock. Mol. Cell. Biol. 8,

1563-159,
Maret, W. and Auld, D. S. (1988) Purification and
characterization of human liver sorbitol dehydrogenase.

Biochemistry 27, 1622-1628.

Marguet, D. and Laugquin, G. J -M. (1986) The yeast SRP gene:

positive modulation by glucose of its transcriptional

expression. Biochem. Biophys. Res. Commun., 138, 297-303.
Matsumoto, N., Nakanishi, Y, and Natori, S. (1986) Homologies of

nucleotide sequences in the 5’-end regions of two

-93-



developmentally regulated gene of Sarcophaga peregrina.

Nucl. Acids Res. 14, 2685-2884.

Matsutani, K. and Sonobe, H. (1987) Control of diapause-factor
secretion from the suboesophageal ganglion in the silkworm,

Bombyx mori: the roles of the protocerebrum and

tritocerebrum. J. Insect Physiol. 33, 279-285.

McKight, G. L., Kato, H., Upshall, A., Parker, M. D., Saari, G.
and O'Hara, P. J. (1985) Identification and molecular

analysis of a third Aspergillus nidulans alcohol

dehydrogeanse gene. EMBO J. 4, 2093-2099.

Miya, K., Kurihara, M. and Tanimura, I. (1972) Changes of fine
structures of the serosa cell and the yolk cell during
diapause and post-diapause development in the silkworm,

Bombyx mori L. J. Fac. Agric. lwate Univ. 11, 51-87.

Mori, S., Izumi, S. and Tomino, S. (1991a) Structure and
organization of major plasma protein genes of the silkworm

Mori, S., Izumi, S. and Tomino, S. (1991b) Complete nucleotide
sequences of major plasma protein genes of Bombyx mori.

Biochim. Biophys. Acta 1090, 129-132.

Mounier, N. and Prudhome, J. C. (1986) Isolation of actin genes
in Bombyx mori: the coding sequence of a cytoplasmic actin
gene expressed in the silk gland is interrupted by a single

intron in an unusual position. Biochimie. 68, 1053-1061.

Mount, S. M. (1982) A catalogue of splice junction sequences.

Nucl. Acides Res. 10, 459-472.

Muller-Taubenberger, A., Hagmann, J., Noegel, A. and Gerisch, G.

(1988) Ubiquitin gene expression in Dictyostelium is induced

_.9 4-



by heat and cold shock, cadmium, and inhibitors of protein

Nakagaki, M., Takei, R., Nagashima, E. and Yaginuma, T. (1991)

Cell cycles in embryos of the silkworm, Bombyx mori: Gz-

arrest at diapause stage. Roux’s Arch. Dev. Biol. 200, 223-

229.

Ozyhar, A., Strangmann-Diekmann, M., Kiltz, H.-H. and Pongs, O.
(1991) Characterization of a specific ecdysteroid receptor-
DNA complex reveals common properties for invertebrate and

vertebrate hormone-receptor/DNA interactions. Eur. J.

Biochem. 200, 329-335.
Park, K. E. and Yoshitake, N. (1970) Function of the embryo and
the yolk cells in diapause of the silkworm egg (Bombyx

mori). J. Insect Physiol. 16, 2223-2239.

Pears, V., Pears, J., Buchsbaum, M. and Buchsbaum, R. (1987)

Living Invertebrates, Boxwood Press, Pacific Grove.

Pelham, H. (1985) Activation of heat-shock genes in eukaryotes.

Trens Genet. 1, 31-35.

Reichhart, J.~-M., Meister, M., Dimarcgq, J.~L., Zachary, D.,
Hoffmann, D., Ruiz, C., Richards, G. and Hoffmann, J. A.
(1992) Insect immunity: developmental and inducible activity
of the Drosophila diptericin promoter. EMBO J, 11, 1469-

14717,
Sachs, M. M., Freeling, M. and Okimoto, R. (1980) The anaerobic

proteins of maize. Cell, 20, 761-767.

Sakurai, H., Izumi, S. and Tomino, S. (1989) Nuclear proteins
bind to the 5' flanking region of storage protein gene of

Bombyx mori. Devlop. Growth Differ. 31, 384.

_95_.



Sakurai, H., Fujii, T., Izumi, S. and Tomino, S. (1988) Structure
and expression of gene coding for sex-specific storage

protein of Bombyx mori. J. Biol. Chem. 263, 7876-7880.

Sambrook, J., Fritsch, E. F. and Maniatis, T. (1989) Molecular
Cloning: a laboratory manual. 2nd ed. Cold Spring Harbor
Laboratory Press, New York.

Sander, K., Guzeit, H. O. Jackle, H. (1985) Insect embryogenesis:
morphology, physiology, genetical and molecular aspects. In

Comprehensive insect physiology, biochemistry and

pharmacology (ed. by Kerkut, G. A. & Gilbert, L. 1.), Vol.

1, pp. 319-385, Pergamon Press, Oxford and Elmsford, New
York.
Sanger, F., Nicklen, S. and Coulson, A. R. (1977) DNA sequencing

with chain terminating inhibitors. Proc. Natl. Acad. Sci.

USA 74, 5463-5467.

Sato, Y., Nakazawa, Y., Menjo, N., Imai, K., Komiya, T., Saito,
H., Shin, M., Ikeda, M., Sakakibara, K., Isobe, M. and
Yamashita, 0. (1992) A new diapause hormone molecule of the

silkworm, Bombyx mori. Proc. Jap. Acad. 68, Ser. B, 75-79.

Sato, Y. and Yamashita, 0. (1991) Structure and expression of a
gene coding for egg-specific protein in the silkworm, Bombyx

mori. Insect Biochem. 21, 495-505.

Schibler, U. and Sierra, F. (1987) Alternative promoters in
developmental gene expression. Ann., Rsv. Genet. 21, 237-257.
Schlesinger, M. J. (1990) Heat shock proteins. J. Biol. Chem.

265, 12111-12114.

Shuster, D. M., Buchman, G. W. and Rashtchain, A. (1992) A simple

and efficient method for amplification of cDNA ends using 5'

096.‘



RACE. Focus 14, 46-52.

Smith, M. G. (1962) Polyol dehydrogenase. 4. Crystallization of
the L-iditol dehydrogenase of sheep liver. Biochem. J. 83,
135-144.

Sonobe, H. (1989) Studies on embryonic diapause in the pnd mutant

of the silkworm, Bombyx mori: characterization of protein

synthesis during early development. Zool. Sci. 6, 515-521.

Sonobe, H. and Odake, H. (1986) Studies on embryonic diapause in

the pnd mutant of the silkworm, Bombyx mori. V.

Identification of a pnd gene-specific protein. Roux’'s Arch.

Dev. Biol, 195, 229-235.

Sorger, P. K. (1991) Heat shock factor and the heat shock
response., Cell 65, 363-366.

Storey, K. B. (1982) Phosphofructokinase from the overwintering

gall fly larva, Eurosta solidaginis: control of

cryoprotectant polyol synthesis. Insect Biochem. 12, 501~

505.

Storey, K. B. and Storey, J. M. (1981) Biochemical strategies of

overwintering in the gall fly larva, Eurosta solidaginis:

effect of low temperature acclimation on the activities of
enzymes of intermediary metabolism. J. Comp. Physiol. B 144,
191-199.

Storey, K. B. and Storey, J. M. (1988) Freeze tolerance in
animals. Physiol. Rev. 68, 27-84.

Sun, S.-C., Lindstrom, I., Lee, J.-Y. and Faye, I. (1991)

Structure and expression of the attacin genes in Hyalophora

cecropia. Eur, J. Biochem. 196, 247-254.

Suzuki, K., Fujita, M. and Miya, K. (1983) Changes in

..9?..



supercooling point of the silkworm eggs. J. seric. Sci. Jpn.

52, 185-190.

Thomashow, M. F. (1990) Molecular genetics of cold acclimation in

higher plants. Adv. Genet. 28, 99-131.

Towbin, H., Staehelin, R. and Gordon, J. (1979) Electrophoretic
transfer of proteins from polyacrylamide gels to
nitrocellulose sheets: procedure and some applications.

Trick, M., Dennis, E. S., Edwards, K. J. R. and Peacock, W. J.
(1988) Molecular analysis of the alcohol dehydrogenase gene

family of barley. Plant Mol. Biol. 11, 147-160.

Ueda, H., and Hirose, S. (1990) Identification and purification of

Bombyx mori homologue of FTZ-F1. Nucl. Acids Res. 18, 7229-
7234.

Ueda, H., and Hirose, S. (1991) Defining the sequence recognized
with BmFTZ-Fl, a sequence specific DNA binding factor in the

silkworm, Bombyx mori, as revealed by direct sequencing of

bound oligonucleotides and gel mobility shift competition

analysis. Nucl. Acids Res. 19, 3689-3693.

VanBogelen, R. A. and Neidhardt, F. C. (1990) Ribosomes as

sensors of heat and cold shock in Escherichia coli. Proc.

Natl. Acad. Sci. USA 87, 5589-5593.
Wang, X.-Y., Cole, K. D. and Law, J. H. (1989) The nucleotide
sequence of a microvitellogenin encoding gene from the

tobacco hornworm, Manduca sexta. Gene 80, 259-268.

Willott, E., Wang, X.-Y. and Wells, M. A. (1989) cDNA and gene

sequence of Manduca sexta arylphorin, an aromatic amino

acid~rich larval serum protein. J. Biol., Chem. 264, 19052~

-98-



19059.

Wilson, E. T., Condliffe, D. P. and Sprague, K. U. (1988)
Transcriptional properties of BmX, a moderately repetitive
silkworm gene that is an RNA polymerase III template. Mol.

Cell. Biol. 8, 624-631.

Xanthopoulos, K. G., Lee, J.-Y., Gan, R., Kockum, K., Faye, 1.
and Boman, H. G. {(1988) The structure of the gene for

cecropin B, an antibacterial immune protein from Hyalophora

cecropia. Eur. J. Biochem., 172, 371-376.

Yaginuma, T. and Yamashita, O. (1978) Polyol metabolism related
to diapause in Bombyx eggs: different behaviour of sorbitol
from glycerol during diapause and post-diapause. J, Insect
Physiol. 24, 347-354.

Yaginuma, T. and Yamashita, 0. (1979} NAD-dependent sorbitol
dehydrogenase activity in relation to the termination of

diapause in eggs of Bombyx mori. Insect Biochem. 9, 547-553.

Yaginuma, T. and Yamashita, O. (1980) The origin of free glycerol
accumulated in diapause eggs of Bombyx mori. Physiol,
Entomol. 5, 93-97.

Yaginuma, T. and Yamashita, 0. (1991) Does an enzyme activity
capable of phosphorylating sorbitol control utilization of

sorbitol at the termination of diapause in eggs of the

silkworm, Bombyx mori ? Comp. Biochem. Physiol. 98B, 135-
141.

Yaginuma, T, Kobayashi, M. and Yamashita, O. (1990a) Distinct
effects of different low temperatures on the induction of

NAD-sorbitol dehydrogenase activity in diapause eggs of the

silkworm, Bombyx mori. J. Comp. Physiol. B 160, 277-285.

_99_



Yaginuma, T., Kobayashi, M. and Yamashita, O. (1990b) Effects of
low temperatures on NAD-sorbitol dehydrogenase activity and
morphogenesis in non-diapause eggs of the silkworm, Bombyx

mori. Comp. Biochem. Physiol. 97B, 495-506.

Yamaki, S. (1980) Properties and functions of sorbitol-6-
phosphate dehydrogenase, sorbitol dehydrogenase and sorbitol

oxidase in fruit and cotyledon of apple (Malus pumila Mill.

var. domestica Schneid.) J. Japan. Soc. Hort. Sci. 49, 429-

434.
Yamashita, O. and Hasegawa, K. (1967) The effect of the diapause

hormone on the trehalase activity in pupal ovaries of the

silkworm (a preliminary note). Proc. Jap. Acad. 43, 547-551.

Yamashita, O. and Hasegawa, K. (1985) Embryonic diapause. In
Comprehensive Insect Physiology, Biochemistry and
Pharmacology (ed. by Kerkut G. A. and Gilbert L.I.), vol. 1,
407-434.

Yamashita, O. and Suzuki, K. (1991) Roles of morphogenic hormones

in embryonic diapause. In Morphogenetic Hormones of

Arthropods (ed. by Gupta, A. P.), Vol. 3, pp. 81-128,

Rutgers, University Press, New Jersey.
Yamashita, O. and Yaginuma, T. (1991) Silkworm eggs at low
temperatures: Implications for sericulture. In lnsects at

Low Temperature (ed. by Lee R. E. Jr. and Delinger D. L.),

pp. 424-445, Chapman and Hall, New York.
Yamashita, 0., Suzuki, K. and Hasegawa, K. (1975) Glycogen

phosphorylase activity in relation to diapause initiation in

Bombyx eggs. Insect Biochem. 5, 707-718.

Yamashita, O., Yaginuma, T. and Hasegawa, K. (1981) Hormonal and

-100-



metabolic control of egg diapause of the silkworm, Bombyx
mori (Lepidoptera: Bombycidae). Ent. Gen. 7, 195-211.

Yan, Y. L., Kunert, C. J. and Postlethwait, J. H. (1987) Sequence
homologies among the three yolk polypeptide (Yp) genes in

Drosophila melanogaster. Nucl. Acids Res. 15, 67-85.

Ziegler, R., Ashida, M., Fallon, A. M., Wimer, L. T., Wyatt, S.
S. and Wyatt, G. R. (1979) Regulation of glycogen
phosphorylase in fat body of Cecropia silkmoth pupae. J.

-101-



WX H &

Niimi, T. and Yaginuma, T. (1992) Biosynthesis of NAD-sorbitol
dehydrogenase is induced by acclimation at 5°C in diapause
eggs of the silkworm, Bombyx mori. Comp. Biochem. Physiol.
102B, 169-173.

Niimi, T., Yamashita, O. and Yaginuma, T. (1992) Activity of
NAD-sorbitol dehydrogenase is caused by biosynthesis of
enzyme protein in diapause and non-diapause eggs of the
silkworm, Bombyx mori. Comp. Biochem. Physiol. 103B, 657~
661.

Niimi, T., Yamashita, O. and Yaginuma, T. (1993) A cold-
inducible Bombyx gene encoding a protein similar to
mammalian sorbitol dehydrogenase. Yolk nuclei-dependent
gene expression in diapause eggs. Eur. J., Biochem. (in
press)

Niimi, T., Yamashita, O. and Yaginuma, T. (1993) Developmental
profile of the gene expression of a Bombyx homolog of
mammalian sorbitol dehydrogenase during embryogenesis in
non-diapause eggs. Comp. Biochem. Physiol. B. (in press)




