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Mechanisms and roles of two types of cell death induced by Cryl1A insecticidal toxin
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Frim

7" MR S R Bacillus thuringiensis 1%, 1901 4R (A EZ LA A =
77 (Bombyx mori) D Zz5fEJE (sotto disease bacillus) & L C#ily L 7= R BiRFE CH
% (A7 1901), L2rL, AIEIZE DK S ECHEESIC B. thuringiensis % #rf D44 &
LCRidk Lo deiodd, 1911 ) A~ H T A A BB [RIE % [FIE L7 Berliner
(2 K> TEEYHE L. B. thuringiensis & 4 SAVBLIEIZZE S (Berliner et al. 1915), % ®
#% . B. thuringiensis DO UG DA, FERIERFFIT/E DN DG satE S /327 (L
T Cry #8)Tdh DI &23, Angus HIZ K-> THA EI7z (Augus etal. 1954), HIfE, Cry
Fiom DB RS 4 HAZ Cryl — Cry72 (2385 400 FESHLL 0> Cry BB D AE S
LTV 5 (http://www.lifesci.sussex.ac.uk/home/Neil_Crickmore/Bt/) , B. thuringiesnsis /%,
1 BERRDY L HEFHD Cry R AEPET 5 LT IR &3, 4l 21X Bacullus thuringiensis HD-1 &
TlX. CrylAa. CrylAb, CrylAc ® 3D FHEALET D Lo 72 X Hic, HERE
DEERZEET L L THOWERRAEEZ AT L L0 ICRALOMTHEHL L TS L
Ez2 bbb, Cry mHiE, RiIBKIA Cry FE Dy 1B %2 HIC K& < 130 kDa ! & 70 kDa
W2 FIHIC I NS, 130kDa Zix, Fa v BIZiEHEOH 5 CrylA #H#, ~=H
(ZIEMED B D CrydA, CrydB #%, 27 F o v BIZIEM%2/R§ Cry8C %, £ L Tk
F a2y BITIEHERH D Crys BHEe ENRHDH, Zivn 130 kDa M EH X, B HROIHLIK
ICEEND T BT T —RICL W IRESFS, NREGOT I /R 20 FRIEREXR T CR
B DRI 57 % S 65 kDa Hiff: OTE MR EE 3R & 72 0 £ &M% 7R3 (Aronson et al. 1995),
—J5C, 70kDa®icix, FavH, N"THOWMEITEMELZ T Cry2 8, N HIZE
PEZ 7”9 CryllA, CryllB F2, 2V F =2V BICIEMEA R Cry3B R R LD H 5, 70
kDa ¥, 7' m 7 7 —BIZ L D2 RE A= N KGO T X/ Bk iia . 65 kDa

AR Do FIZ R DIEMRL L 70 %



ZDOE DT, Cry BRITITEN TN ERZR L BRI L TEEZ =T DT TH D05,
IO MIEMEAFFD Cry RO L, 5 ETOEEIRFES N T X/ WEELSIE
(T ey 2)efEOZ L3 yino T D (Hofte etal. 1989), Z DR{FT 1w 7 1%, Cry ik
DOFFHRIEMEICB DTN EERZRE 2oL B2 5N TS & & BT, B. thuringiensis
MPEAET D Cry RS EOMHENSAEN, L TELZLERTRHLTH H D,

1 RSB 2 HHFEMEO R SN A, Cry Bm#RIL, 3 REEIZOW T H RN &
W2 ERDo TS, BEE TIZ 3 RIBIEDREEEMIT b > TV D3RI,
Cry3Aa (Lietal. 1991), CrylAa (Grochulski et al. 1995), CrylAc (Derbyshire et al. 2001),
Cry2Aa (Morse et al. 2001), Cry3Bb (Galitsky et al. 2001), Cry4Ba (Boonserm et al. 2005),
Cry4Aa (Boonserm et al. 2006), = L C Cry8E (Guo et al. 2009) ® 8 fE¥ECH 5, &2 CDF:
FINRAAL NI RAAL LMD 3DD RAALNHRLY | AR 3 RITHEIEIL,
ETOCry mRTHBELTND, FAAL X, NREBFITHEY L, 7#HD a-~U >
I Ar@mie, ZNHD a-~Y v 7 AP EE L, NMLETERT 5 LB BT
Do RALLNERALMIFB-V— FNEF0EENORY, B5ERBOEE L
M Loy ERET 2K EI 2RO LEZL LN TVWD,

Cry TR 1%, RO 7-HipH 0 B BRI R RAIIEM: 2 7~ L (van Frankenhuyzen 2009). P
AIICHE TH D720, 1960 FRUTIT, AR BAl (BT Al) & LTRERET
EEROREBIGIZIRBW TN S a7z, & HIT, 1990 4R LIK, 2 WD sgE
& BRI X AEY ORI DS ATREIZ 72 0 | Cry BmR OBES 28 A L7t g s
/A 2 VEY (B. thuringiensis Gene modified Crop; LA F Btcrop) 3K[E % f0MZ b v
nal, b b VX HAEREL L OEMITES S D K 9 I272 > 72 (Roh et al. 2007),
Bt crop O HEFUT IS DRI mFHIL, 1996 4FIZ1E, 110 5 ha TH o7 dIZxf L, 2010 4
(21X, 6,600 /7 ha & &8 L Cu 2% (Tabashnik et al. 2013), K[E 235\ T 2012 4 A RE

SN hUEB LD 67%0 Bterop TH Y |



(http://www.ers.usda.gov/data-products/adoption-of-genetically-engineered-crops-in-the-us.asp
X). OV TIE, KE, FE, A K, A=A T VT TEEINZHEO 79 - 95% 08
Btcrop TH D Z LML TV 2% (Tabashnik etal. 2013), L7223-> T, Cry &1
RTINS BEAR SN TEILHFERI N IVETHDLLEEREI TH D,

Z DX D7 Cry & AW EMIBLFRDY 1990 4ELARE, SuHIZE K& L= BT,

TR O A RUREOBRIE L L Tl L I A x ORICRE LTbT
ORI T DR Th D, Cry BHRIX, ¥ NV ETHLIR PRI HEP T

SESNRT < FIENARIC LV B ICKIET 5720 ALFERHEEICB O TRE S

N TV D BREG Y NRICH E R WEPMEMIIRE T 2 DR R TE 5, £72. B
FUTBWTMESE b O], B i & S HEL L T& 7 Cry TR (a9 2 Prhid sz L
IZ< W EB 2 b LFRIEOHEAIZHE W TRIBER S TWO 7 IRFIHEE R o TE S ik
TELLMFENTZZ L L ZOEBO 1 21CH D, Lo, EBRITIE, 1985 412 F8
FEWNTHE SN TN\ ) A~HZ T A A7 (Plodia interpunctella) THJH T Cry
(Bt All) HEPIEERNFED Lz (McGaughey. 1985), =Dtk s, =24 (Plutella
xylostella) (23T Bt FIHLHTHEN T L= 2 L 3 &7z (Tabashnik et al. 1999;
Janmaat and Myers. 2003), = 512, 2007 4EIZFE 7 7 U 4 THIH T D Bt Crop (x4 5K
Ptk A F @ X 7= 4 (Busseola fusca) 2375 4L CTLISE (van 2007). P. xylostella
(Tabashnik et al. 2010)X>, = k7% (Spodoptera frugiperda) (Storer et al. 2010), = L T,
avF a2y HTHDHRYIY N2 (Diabrotica virgifera virgifera) 72 Sl2B W Tk 4 LK
PUME DR EI R S B (Gassmann et al. 2011), Z D X 9 72 Cry B #KHitk (Bt Al
Bt crop #PiiE A H69) DOREIL, 5% Cry #E 2 W2 AEMAIRFEE O R A2 E 0 L
~ULTHERF L. BHIPNSHER L T ETHRR T NS BEQRREE S X 5,

Zo L& oI, BEIZ 60 ELU LS ORAEMBIRFR S LTSN TE 7 Cry ##% T

B DN, FDOIERBEREIZ OV TR, & THI SN -biT TlikZzu, FEERIC, B. thuringiensis



DF BIEMEDOARIEN Cry BHR TH D Z LB BT/ - 72 1956 40 Augus B Dt LL
B, %60 £E b D% < DHFFEEN. Cry mENRRERITHMAEZHLNILE D &
NI 24T - CTE T2, TORFEICT LY Cry BHFRIEFAE O IR S iz &
INZ—RINITITE 2 B ATV D A, BUEDIE (G TR T E R WBIR N 17
£ D, Tbb, 1 RNV RS Ry B 2 BT B S S 7ol OIS EIILT L b
E{ASE 2 A T & 21F X O & TlidZev (Nagamatsu et al. 1999), £7-. APN & HAT5
BSHETHZOMANITFERITH T DD H5TERWEOWMENH S (Luoetal.
1999), & 5IZiE, APN BEIsF DI ITHRAF 3 2 EPIMRF O I EDOHNTIN LTV
W, EBHICET-, Cry BHELRIE (CrylAbMod, CrylAcMod) 1%, 7 RA~U Ak Z w3
JBICERNGDERERT LN TEDL Z ERHEIN TS (Soberon et al. 2007),
IRHDZ Lid BHEE BN TO D /ERBEGER I IIREN H D Z L amme L TnD &
BEZobhb,

SR BIARNIZIR Y A E NI Cry BRI, FTWHLRT O 7 e 7 7 —BIZ LY RE
SRS ND Z L TOIEMROESR L 72D (Aronson et al. 1995), HIFEHRE & TV 5 iH{L
& R L O VE IR NI 13 “Pore formation model” (Bravo et al. 2004) <2
“Signal transduction model ” (Zhang et al. 2005; Zhang et al. 2006) 72 7238 5, Hi#E TlL.
Cry 73 # 3SR B RN TR BEME 2 R 3 OIIIEB OB A LE I & S TE T,
AR EENTIEMENC 2 o 1o BmRIL 7 R VAR VX7 B e O BAER 2/ A
J =< —{k L (Gomez et al. 2002; Jimenez et al. 2007). (2D MINIE D25 F~DiE S
24T L CIH bR b RGkiRa o i Mfa o AERa L 38 A S 4L, pore ZTERLT %, G LG
faix, Cry BRIZE VIR SN2/ ML D REICHA LA AN X BREBED BRI
L0, MlasE, L, BRELTRERZEIZEL LD D STV S (Knowles
1987), — . HHE OIGER TIE, {EHRIC > TeBHR N G ¥ /7 BEOIEHALE T LT

a7 A% F—8 A (Protein kinase A, UL T PKA) ZiEME(Ld % Z & T, oncosis £k



D7 7T LA AMIICHER T D L SND, L, ZOMRGEITREMIZ IV T

HBHTEDLZENRINTZHDOTHY | EROEETHRIL Z &N Z 208 )
OV TIFRE S L TR,

Cry BRIZE > THEINDIHRIT, HRENEERRE O XS BRI N EW

IRBNER DI T A — N AR TIMRNIEAETH D, LrL, RADBIEIZED
FTICMIA TR Z 2BL%13, BRICL > THEIICHI SR Z Sh2BRET TidRk{Z
IR L L D T2 ERBORZEIGE R ESFRFIEZ 2 Z LB AN 5, EER
2. WL ODPDMFEIZEBWTIZZED L S BB Cry BRICHT 20N EE HERD
ZDRIGIZHEH L, fFFEER 2 S LT\ b, 7 A4 =4 (Culex pipeiens) D5 HUIZE U
TIE, Cry BREEBIRT 52 LI > THIG EEZMITT AR b= ARFEES, £D
ZENRBBEOERIEDFEIR & 72> TND Z EDVRIE S LTV (Smouse and Nishiura
1997), 7R h—I R LT, AR CEEILRES N T 0 7T LMD 1 O Th
V. DNAOWrAfk, 7 u~F DOREE, I A S—BOIGHE(L & W o 7RIS L 0 BUE
ID (Kerretal 1972), ZERZLEMFEIZ I\ TIHAEDIBRRITIS T D MaEk O fil4#E o %
E|Z v (Driscoll and Chalfie. 1992; Champlin and Truman. 1998; Mckay. 1997), *7-. {5
FHEZTTCMETHEEIND TR b= A &5 E&I2, @Mlansb, ¥ET 52 LT
I 292 Z LIS TV D EDRE S H 5 (Jiang et al. 2009)

Flo, FNa A XA ] (Manduca sexta) & > # A 2~ 71 (Aedes aegypti) = CrylAb,
CryllAa Z#LEE L RNA T# (RNAinterference, LT RNAI) % FHW\ZAFZERER DD b
MAPK p38 #RIEDIEMEILDS, Cry R A B R LR RO Cry BRIk bk ic HE
Td D & #iE L= (Cancino-Rodezno et al.2010), & 5(Z, T4, Bedoya-Pérez ©Hi%, A.
aegypti (23T RNAI 21T 72 F2E#EF LV unfolded protein response (UPR) #%i#4 3
CryllAa iZxf9 % A. aegypti DFfE & L CTHEREL T\ 5 Z & # /R L7- (Bedoya-Perez et al.

2013), I 72bb, EROEE OMIBITERIZ L > THEEF 22T 21300 TIE2AR L,



FRFCE 2L L5 LS L TWD Eiff s, 22T, HFLETIE, A=
A BIEAE LR TR 2 5 BBERDOER & 5 2 T2 B2 R Tl L D
PR TR HBRICEIDEEFELHEEMOZOEFIIHIL LS LT HIEDET
HHDHZET, REEHAEHECEEICE Z > Tna Cry BRICE > TiFE I 5814
ZIELHETLZ L AfRLE,

AR L7V | Cry 28 BE SR X “Pore formation model” (Bravo et al. 2004)
& “Signal transduction model ” (Zhang et al. 2005; Zhang, et al. 2006) 236 1 CTH 5 L5 2
BATVD, LL, ELELNRELWVMER THL DN, £z, RTOHEHRITBNTIO
TERBAE GG 2N TIEE D2 DOMNICE L TEIRMATH D, LLReA b, b DGR
(ZFESWT Cry TR EEMN LTl Cry #3313, @ R R OHE ERGila EIZ 53
TOZERSFEHEERT 22 LDBMETHY | ZOZRESFERANNIT L L
%, Cry BmHERBERBEO 2 Z WD ) X THFICHETHDL EF R D, AW TE
IZHWTWD CrylA #HEICHOWTIE, BICZOZHRIERICHONTOMZENREA TEY |
VT LB HEREDIEFI N 2N b D HED TV DONDZEIR, b 2 WITBIRBAM & RS
NDREGTPNL ODHESNTND, B RAY EZ 37 EiX, B.mori
(Nagamatsu et al. 1999), M. sexta (Huaetal. 2004) ., =& 7 A U B & 327j (Heliothis
virescens ) (Jurat-Fuentes et al. 2006), = —w v /X7 T / A A 7 (Ostrinia nubilalis)
(Flannagan et al. 2005)(Z33\ T CrylA R ICHT 2Bz E2 a5 52 &0
TED T THDHZ ENRINTWD, F7=, H.virescens (Gahan et al. 2001) &, A4 %
X2 7] (Helicoverpa armigera) (Xu et al. 2005), 7 % 7 % X I3 77 (Pectinophora
gossypiella) (Morin et al. 2003) ® Cry & PR FLIZ BT o P E S 7 DB IR FHI#E
o, RN FRIE LS B TE R0 ZEM, PUED 1 SOJFKRTH D
TEVBRENTWS, —HT, FUav)IWKATZ7»FINA ) h—)b

(glycosylphosphatidylinositol, LA GP) 7 > B —HD X o I7ED 1>, 7 ) XRXTFH



—¥ N (Amino peptidase N, LA~ APN), #5(Z APN Class 1 (LA F APN1)ix, v a vy a v
»Nx. (Drosophila melanogaster) (2B X5 Z & T, CrylAc lZxtT RSN EE N
72 & OWER (Gill etal. 2002), APNL DOHA L >3 v 78 Cry 338 1S53 5 Sh s fER D
IR &5 L o) B B (Yang et al. 2010; Tiewsiri et al. 2011), F 7=, CrylAc
HHUED H. armigera (235 T APNL 43 I EN A > Tz L OGN H 5 (Zhang et
al. 2009), L7~L., B R~U ERE X7 E O X ) ITEEFHIZ APNL 73 Cry FR Kt
PEIRRIK 172 & A8 S 72 Flid 72 < | K72 APNL O 28 BS0FBLE O & BT o K 3
BEIRRICIT R 0 28 % < F> T %, —J7, APN LI[RIERD GPI 77 o A — Rl 2 2%
JETHDHTNVHEY 74 A7 7 X —E (Alkaline phosphatase, UL ALP)IZ-DW T, Cry
A BHIUME R BTV T ALP I3 5 B PEOIR T 2885 L MBERIR Y H 5 Z &2
WEINTIND, BFPRBIERICE Y Cry RICHT 2 e M5 TEH LT D
WAL B RV (Jurat-Fuentes et al. 2004; Jurat-Fuentes et al. 2011), 2010 4=, Gahan &
IZE DA ETCry BRARIEREE LI L REH L2 EDRWABC T AR
— 4 —C2 (ATP-binding cassette transporters subfamilyC member2, LL T ABCC2) 725, U >
=y B 7 DOFERIZHD & CrylAc LM H. virescens DIXFIMERKIR - Th 5 &
L CHis 7z (Gahanetal. 2010) , 7z, 2012 4Fi2iE, I A =2 HIZEBWTH CrylAb
BHUES A 2 TRIEDY v or—T~ w B T TR NS . ABCC2 437D
ZE N CrylAb RHTHEDJRIK Th 5 & L THiE 47z (Atsumi et al. 2012), & BT,
T3 R~V RS X7 B R APNITZE FLRGRD B AV )5 72 CrylAc B 5T D P. xylostella
A Z 7 WX U (Trichoplusia ni) 23T ABCC2 70 FHICE RN H D Z L3 Hr
722720 (Baxter etal. 2011), ABCC2 43175 Cry m=a4% HEHHE L CHEZE 0@ &
BT H0FThD I EPREMIZR>TET,

ZZ T, B 2ETIX, ABCC2 4317 Cry T MAEAIME E CEE @B X 23250

T (ZBER) ThHLIME»EHRET 52281, T7bb, BhkEEMa Sfo 2l A



=5 & ABCC2 (BMABCC2) KU KU X 37 B (BIR175) ¢ cDNA Fll % $i
A A TR 2 R Autographa californica nuclear polyhedrosis virus (AcNPN) %z FH T, Sf9
AIRRIEE B ISRy F 2B S, CrylA 32123 DI ME% invitro DA 47 v
AL TR L7z, £72, Fa VHTH S Poxylostella, "=HTHoHE NAT I+
71 (Aedes albopictus)® ABCC2 (IZ DWW T bk L L THRET 20227~ %5 Z & T.Cry
AR E LTABCC2 BHEREL TW A RIOFEIFH, KON, Hxz Cry mEOHOE
OFPHE TH ABCC2 ZFIHATE DM, IZOWTHL L, £/, 2O SO Hifinz
WIS FT A OfEF % 552 BmMABCC2 D AR L L CORE (H 5 W T
B2 AT 5T HiRE) % BtR175 & HiT 5 Z & HakATe,

Afik U 7= 71 72 E G 0 1 -5 T & % “Pore formation model” (Bravo et al. 2004)(Z
BWTIL, Cry HENMBENEZ RIS DTN RAY X VI ET 2 )~
F =8 (APN) &\ D F72 % 2 IO Z R IRICHER D RR LA THET H 2 LVHE
B2l I TW5b (Bravo etal. 2004), £7-. H.virescens (235 Tl APN & [FlERD GPI
TUH=RIDE L NTETHD ALP B3 RAY UE R EREE LAY I~ —
ELTeBmBRNE20FIKE LTHIEGT 5 2 & TCry mEOMIAE~OH AN FTHEIZ 72
5HEDOHE S HSH (Jurat-Fuentes et al. 2006), = HIZITH, Cry #5720 APN EfE& L7-
Bl B AL LT L REG L OVAPN &S5 &\ ) 7Ping pong binding
model ”H#EME & T 5 (Pacheco etal. 2009), 272 < &4, Fa v H R HROIELE DM
fa EICBREEORE S X VR AR FIET H2DITEERTHY 5 2 ETHA L 5 el
THIME BICRBLT DR &2 27200 Tl Cry BREOEOEHO TR ZE L < #fig LT
WIRWATREMED & 5

% ZCH 3 FTIX, BmABCC2 & BtR175 O 2 431 % [fl— D B S F M2 3 Bl S
L2 ETUHRATAIFEIC L Y FRESN TV D KO R O L& DIEH TR Tl 7 2ME) = |

ZOfEFR L LT Cry R 2EZMEE @O D L9 @R OIEMO LT BFET %



DITHOWTHRF LT, 7o, 77 U B AT VIRRIRIC W 77 2 BB S, RS
% Pore #EXAEFHFIEICL D EEMICHNTT 5 Z & T, AW T Cry 3R MME
2B CHAEEATL L EZ LN 2 TOZFERICED, POk oIicLTCry#H
FOIEEREDONDLDIZONTHEELE LT,

—J7. HAETIE, Cry BROZRER L L THEET 5 2 & 23437 > 72 BmMABCC2 733%
BEREFESERE ST THDHICHED LT, Cry %% LG T DRI D0y > TR
FRIZHEH L, BmABCC2 & Cry ## & O At oEELZ L 62 5 Z L 2R BT, ZD
i, WEMIT Cry #dE & BmMABCC2 2566 LT\ D 2 & ARkl A 157272, HIC
ZOREEEREE APNL <° BtR175 & i35 Z & T, BmABCC2 & Cry ## OfE & HiE
[ZED I BRFFER DD EBLE LT, 512, BmMABCC2 431D &£ Ok Cry 74

EDOFEETINZIRET 5 2 L ailAhl,



BIE A LT LR CEZ 2HREERTFRRMIEIZ OV T OB

B1E AR

#E CHBEICI AT Y | B R RNICED A E 7z Cry IR, F 3 kg
OTaTT—BICLVRESHEIND Z & T IRERIOREFE L 725 (Aronson et al. 1995),
BUERRE STV 2 TEALE BB ~ O fE RS IR IZ 1. “Pore formation model”
(Bravo et al. 2004) <°>*“Signal transduction model ~ (Zhang et al. 2005; Zhang, et al. 2006) 73
ENdD D, A TIL, Cry B 2NESE MR RN TR M 2 7R Ol 3B ol e 23
WBEE L SN TE T, BRHEIENTIEERIC R > HRIL I RN URRE NI 8
EDOMAEERZ#RTA Y 2~—({k L (Gomez et al. 2002; Jimenez-Juarez et al. 2007), ¥{Z
D ANENEE b 0D 73 F-~ DA 2 I L CIHABAE LRG0 F fEHIa o0 MK i L A S 4.
pore KT 5, FHG EEZARIE, Cry 2RI L D AL S 47z pore 22 B KREICIHEA L7z
A A2 EZIUTLE D KDOFAIC L DEELED EFIZ L0 | MR, mEL, fERE
LCRAZEIZELLDDE SN TS (Knowles 1987), — 5. %&E OIG TlE, &M
BUZ IR o 2T G & 7 OTEMAE 2 LT PKA Zi5ME{kd % Z & T, oncosis £k
D7 MK MKIZEFEIRT D E SND, 2D K 91T Cry B OF BAE I
SONTIE, BIETSH, BRPMEI SN TEL T, EmoRpEIhTnD,

& AT, FEROME A TIE, TR OMEH & AE EORISOMINT & - THE EEE
I ZbZ R T LB OND, Thbb, mHRIIXT 5 KOS E] 2135
PARBEIZ R > TREREEAZ T LN TREIND L, TNE AN, SELUCHH
OHRELZ R T DA S 2 BB 2 b1 D, Cry mH A 8T 5 Pore-forming toxin (LA
T PFT) 1 218 EOMBOISZE I SOV THIALEIC BN T H L DR Th T
VW5, PFT [Zi%, Strephylococcus aureus, Streptococcus pygenes, Clostridium perfringens 72

EDNTHEMEZ RT Z & THARMEDNEAT 2HRDBE L. 2 < OMARF LA
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2 % (Huffman et al. 2004; Bischof et al. 2008), fil 2 /X, CCL-185, CCL-138, HEK &\
I 3FHEO F o RGN Streptococus pneumoniae O FEAE9 5 Pneumolysin Kz OF,
Bacillus anthracis @ pE49" 2% AnthorolysinO % 13- % & mitogen-activated protein kinase
p38 (LA MAPK p38) #%i & W9 SR & B D & % o 7 T /R ERL IS D3 E AL S
e & A L T4 (Ratner et al. 2006),

T F a2 uRLRBICBWT, Cry 3R IS5 5 b RGHE 0O 18 5 0 S b & O g
Z HEVTHIED M a £ > T, CrysB & L7z C. elegans DIFETIX, v~ 7 m7 L
AN X DfiEHTIZ X Y Mitogen activated protein kinase (UL MAPK) p38 ## & c-Jun
N-terminal kinase (LA T JNK) #&#& &9 2 FiFED MAPK fR#82TEMAL L7z & R amft T
TW5, 62, ZLHOREOIEEIIZES 53 5 F 1% RNA interference (L T RNAI)
2k v T HERMTOIL, 2D 2 FFEO MAPK #2723 C. elegans DiHAL
B LR MlaE Cry5B 12XV EXONLEENORET DI LICHBL TV LGS
A7z (Huffman et al. 2004; Bischof et al. 2008), #xiT1T#>4172 Bravo ©H @ M. sexta & Aedes
aegypti |Z CrylAb, CryllAa % 4L L RNAI Z W\ 7o iF3ERE 5 1 MAPK p38 %0
TEMERIX Cry BRE2BALIEZERBANEFTHDICHEETH S LHREIATH
% (Cancino-Rodezno et al.2010),

— 05, WL 20D Cry #iR & AW B W IR RO LEMBICT A F— &
NFEIND 2 ERHRE STV D, Culex pipeiens DS H % V=38R Clid, Cry &
EERTHZEICE > THI LRI TT R b= 2ARFE I, 2D Z LB R RO
RIEDJRE & 72> TWDH Z & &R LT % (Smouse and Nishiura 1997), % 7=, Heliothis
virescens GO EEEE MMM 2 VN2 SEER R Tl Cry B8 Ko CTHRG BRI 7T R
F—= ANFEEEIND Z EARENT (Loeb etal. 2000), [F 27 /L—7 D%k DR F T
X Cry BRAWMTHZ LI LD, 7R b= R &SR, @fifaD b3 EdE S 4z,

ZOZENL, 2B —E#O invitro TOH G FEHII T S Bi40T, Cry R &

11



S THEEEZZITTIZY JEATLE oIl z B89 2 BWR 2 R oD TIERW N LR~ T
V% (Loeb etal. 2001),

ZZETITRANTE emR O S 8 T O AEEBEBISICE L Th % <135
B AZILI L LT DA invitro OEBRRZFH L TRINTELLHDOTHD
(Zhang et al. 2005; Zhang, et al. 2006 ; Loeb et al. 2000; Loeb et al. 2001), L7=23-> T, Cry
wHRIC LD BREEDENERITLED LS RHEREOMBEPETEI > TWNLHD
PN OWTIRE 2 972 D121, JelTab 7 2 FiFH O 3538 O/F ARG & 18 =1l oo
EEOGDETZBE LD A TH 5 — R MEEOMM T 2 2 HkHF 2 iEMic
BT O2MENDH D, WL ONDORATHFRICB N CIL, BIEED Cry HEE2 BB LT
a2 U H BRIV TR 7R 72T 23T 40 T & 72 (Sousa et al. 2010; Nlsitsutsuji-Uwo
1980; Abdel-Razek 2002), L/»LZENHDELIE, BRICL > TEALRMBEFEE Z
DWNCDHBRT =N A% R TT, @IRED Cry R &b LTEER TH 72, FEBRITE
Z o TV D RIERIGRATEAL T D DITE ORNRPFEIRE S 1D fF T TR L7 BRICIR
LBNL0H LNV T, BREARTEE TWD Z L2 EL LMD ITITBSERE D#ER
G LIZBROMB 2 BT 2720 TEA 2 THL00b Lvev, £ TARETIE

A 2 TR U TESERE (X220 TidZe <. sublethal (BEBSEIRE T; SEdansE7e
RONED EY DOIREE) HDHWIE, TR VIESEGITHBES R L 9 2IREICE TR
TE e T T AR TE 2 D ROSIZ W THEIZ L, B RIEEE M TEERISE Z > Ty

5 Cry I L > THESNLBAREEL BT L2 AR LT
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528 MRS TR
121 fREH
A = (AR« SREKx @R ; bR MRS E) 2 25°C, B 16 WFfE], W5 8 iy
BIOZMFT, NBREE (V7 AL b s BARRETSE) il L THE L,

1.2.2 CrylAa R OIEMAL L BHR

AIBRAAL CrylAa Z 38814 5 fHHL 2 BRHGEE 13, Bacillus thuringiensis var.  kustaski
HD-1-Dipel #n 5 7 v—= 7 X7z crylAa &5 1% FF-> pESL (Schenepf et al.
1985) % #AZ. GST @A HIFEH~ 7 % —pGEX-4T-3 (Amersham pharmacia Biotech) (2
T ma—=r7 Ltk KIGEK BL21 #BERH L CIER X7 (Ikeda et al.2000),

HIBRATL CrylAa 2R BT D 2 KIBE X, 7 U — X2 b v 7 X0 #5 L, 50 pg/ ml
ToEeTY rEET LBE S ml 1T 37°C, bR L7z, BRI A S0 g/ ml 7ot
v v ARETe LB B 250 ml (2R x., 37°C T 1.5 KBS L7-# ., IPTG & #EREE 1

MIZ72% X512z, 37°C, —Biksa L CHR Y v 7 Bambil Bl s iz, wik%
5870 g, 10 Zrf i Loy BEIC K0 [N LB E B U CHERZ M L72%. 1%
TritonX-100 CT=if 15 31 > F 2X— K L, 11,302 g. 10 ZrfE 008t L7-% EiE %
PrEL, BIAEZEU U7z, B L72E AR, Elix KH TR, 11302 g, 10 5rfHiE
OoBEL, REZBRET 28EL 2 BIRRV IR U7z, RERIEOE KL, 25 ml @
Elix /KIZH% L. 2 M Tris-HCI (pH8.3) % 50 pul. 1 M DTT % 5 pl. 1 M NaOH % 50 pl
MZKETER YT ¢ 7, 15 Z3FRE L, F 010,000 rpm C 30 4y Oy B L i
Z R U bR & Uic, A b RmikiE, #HTic L Y 50 mM Tris-HCI (pH8.3)
2y 77 —EHAE L, 28,933 g T 60 il 0ol LAy ik S v hrE L7, bk
EIE, 045 um O 7 ¢ /L& —2 = ~(Millex-LH, Millipore) (Zifi# S 721 A4 2 Hh

HPLC % Fv T, 50 mM Tris-HCI (pH8.3) (Z kL v *Fffis{k; L 7= Diethylaminoethyl (DEAE) %
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T LW A SH T2, Tris-HCI (pH8.3) DR A 200 MM (2 %, 40 il Ny 7 7 — % i
LCH T LHOIEREME ZBENE L%, 0.5mg/ml O hY 7 &K E 2ml 777 A
A2 ML, BT LHFE N U UER T LTctk 7 L &1ET L., 37C, 2
R RS SE 7, O T A& B0 fHF. Tris-HCI (pH8.3) /3w 7 7 — % 40 43 ¢ 150
MM —-500 MM IZR2 B LD T4 FT—7FZV = FTCiitL, 777 arvyalby2—|Z
TIEMAL S THmELEN L. B0NT-7F 73 a % 10% Sodium dodecyl sulfate —
polyacrylamide gel E5&KkE) (UL T SDS-PAGE; Laemmli et al. 1970) (2 & - T L. 60
kDa fHiL DH—7p23 0 REEL 7 T 7 v a v &ZEI Lz, 2R EBHTICE DI Elix KiZ
Ny 77 —@H L%, RO SR L — 2 —% T 500 pl -1 ml O#FFHD A RIS
725 F CHEME L, IMPBS 28 b= ¥ L3 0 BYRIR L GBI 7=, XL /58 7 B Dy
IX. SDS-PAGE T# v /37 B %5y, CBB Yefa L7= 5 /L THIND/NN Y RO S &I

TV PA MY —EIZEVHE LT,

123 WA aFTHBERNIEALFTT vEA

12 pHAE R S 7o 3 Wl B IEL 1% DB i 451X 30 PE4™0fkkk i » 280 LT, R4
SLERIX 21X, CrylAa #35% 0.05-1.0 ug/ g diet & 722 X 512 Elix K CAIR L, 45 100 pl
LB E DI L, NTEEF3gITIRE TH A = 3l iz 5 2 7o, RFIRIXIZIE, Elix
/K100 pl 2 N a3 g ITIRE TH A To, NA T v A 134X 3 HTI VY S5 HFH]

(ZRUT D IE AR E B L7z,

124 A A 2 75 BHEREEG A OFER
123 LARD FIETHREZ BRI TN A 27 3 s R OSRIX 0% i 2 2 B, 4
P, 24 BFfE]. 72 BRI Z M ORFRTRIR L, S84 & B2 UIWRER% ., Ak o

BAFEORKI 20 (5 ED 4 %/ XT KRV AT IVT B R-PBSIZL YD 4C —BEEL7-, *D
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#%. PBS T54M¥EVy, 70% =% / —/)LHiT 30 43, 90% ™ % / —/Lii—C 30 45 [ EHE
L. LW 90%= % ) —/LHT4C —BhiEE LT,

Z LT LT OMERORE T TENLIVEIERHFHE L, BiK, &RziT-7

1.35%1-7 % J —/L, 50%T 4 J — L7k 1 W¢fH
2.55%1-7 % ) —)b, 40%T X J — LK 1 IR§fH]
3. 75%1-7 % ) —)v, 25%T % ) — LK 1 [
4,100%1-7 % J —/L 1 IR¢fH
5.100%1-7 % / —/b 4 °C —Wt

VI EO#EERFT T2 7 V% 60 COIEIRE TRl L T3\ 7= Pathoprep 568 (J75 EEAH
MM, WAKO) 5B 1-7 4 ) — VA Z TR T 1.5 -2 HE§HE L=, £0
#%. 24well ~A 7 17 L— FHIZEME L TR /- Pathoprep H ¢ 1 FEIEHE L. HrLwv
Pathoprep J& ~B &3 2 8/E4 3MIF VIR L, ¥ 7 /L% % L\ Pathoprep ~ &) <t
IKANR LABHICEE DT, BoNTT7 7 0 Ty ZIZERIHE T, 2
71 h—2X (Leica) T 10 pm DE S O FIZ L, MAS 2— R A F A4 K7 F R (I8
WRHF T¥) 2R, 40 CICRELIZe— b7 ry 7 ET2-4RHMESEFERTS
FT 4 CTHRIFLIC, BANT 740 ERMKEB IR0, MEHZDAT A KT Z

A DT 7 4 YR & LLT ORI ERR 3 ONEICE LT,

1. FvLv 5%
2. ZFvlLv 5757
3. 100%fEK=% /—/ 347
4. 100%MEK=X /) —/L 343
5. 90%=xT X /—/L 3457
6. 70%T% /) —/L 357
7. PBS 5%

15



8. PBS 5

&

1.25 TUNEL %5

124 THRLNIZM/NT 7 4 ROMKALBE G H D /3T 7 4 Y i % DeadEnd™
Fluorometric TUNEL System (promega) @~ 1 k 22—/ VIZHEWVV Gt L7, S8R L7201,
HICHUAR ARG IEHE (1.25%DABCO 14-P7 e L7 u[222]4 7 %>, 90%7 VU o

—/UIPBS) THIA L., HOGBAMEE TRIE LT,

12,6 HA aHshHRHED cDNAERE U 7L & A & PCR

3 H A TR 30 Loy DO HFAEAEfiH L, ISOGEN (=R v—r) o7 a b=
—VIZHEWV h—% L RNA Z % L7=, b—4% /L RNA /% DNase | FPLCpure™ (GE ~/v
A7) OFa ha— UV DNase | UG 2 T > 7%, e — h 7 vy 7 Z T
75°C15 4y [P % 2 & C DNasel & 4 S W7z, Z Dk, =% 7 — /LB 21TV RNA
DLy b & FEEL S, RNase free water [Z3fi% L 7=, DNase ZLEE3#& 4> - 7= total RNA
I%. High-Capacity cDNA reverse Transcription Kit (777 A K34 43 AT L) %,
WO 7T 1w b 3— /W > THFHEG SR ZITV Y cDNA Z &k L7z, /EE L 72 cDNA 1,
RNase free water T 8247 L. SYBR Premix Ex taq™I1 (TaKaRa) Zffi~7-Y 7 /1%
A L PCR ZAToT=, R LTI A4 ~—IZoWCIETable2 IR L7z, £z, VT L%
A 2 PCR JXJ5I%. Roter-GeneQ (Qiagen) # HWWTAITV, B HAL72fESIL, delta-delta Ct

method (Z X ¥ bbifg U 7=,
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538 KR
1.3.1. B3RP BED CrylAa HEBEL DA 24 3 WEHRORIR & ORRORKRRE
L=
CrylAa #FEH G L AESLCERIE LR E DDA a WO IR & ORRE I &)
292 BN CTEAFEREZIT - 7= (Table 1), 2T O D EERIX T CrylAa 7 ALHT% 2 -
3 MRS 5 & A 2 3 #shihix, CrylAa 25T N TERIZ2 B0 ERDT,
1.0 pug/g diet (XD A = TS HRIT 24 B[4 &£ TIZ 27.8% 23301 L, 72 K% 1213 87.8%
DFEL L7z, 0.5 uglg diet XD 7 A = TG HIX 24 K% £ TIZ 15.6% 3381 L, 72 ¢
BT, T7.8% T Lz, —Ji. 0.25 pg/g diet XD A 2 Hshm DT RIL, 48 ]
% T 8.0%., T2 T 17% TL 2/ < | JEL L TWARWEKR TITERIAERZ b7
D% DOBETIBN T, ETT DEEITBE SN oTc, 72, 0.1ug/gdiet X
F L 000.05 pg/ g diet K Cik, EAEIC XD IRIX &l L Th A a R
A RIPN—A ) /NS L Tp o=y, FETERENE 72 I #% % T2 0.1 pg /g diet (X C 1 JL72
11 (3%) (Table 1) T > 7=, TDOHOBERIZB N TH W XREICB W TR EEEIZZ Ll E

HE L2 0o 7=,

1.3.2  CrylAa HEZ#®’ 5% 05 E I DR 822
2 S DOVERHE G “Pore formation model” & “Signal transduction model” DU NF AL7MT

HWETOIHENFIFIBNW TR D LN, HELWNIHA aHhhoIEED 1oL LT

~
P2

TR B =V AN Z D500 EHET 572012, CrylAa 3ERGHON A 27 3 inghh
DG A BRI [E E L, BT 2 /ERL L C DAPI %t ds LUV TUNEL etk L, 0GR
B CEIEE Lo, RO CIiT, K& AR ME/Mla & il I 22 4 FFofR
WAmfaAs, IR — OB L TER L TW 28723 8lE < vz (Fig. 1a, b),

—J7. 24 5[4 £ TIT 27.8% N E LT HIRETH 5 1.0 pug/g diet T CrylAa mH a2 HE &
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SRz 2 BB OV T A BIE, £ < OMEMEAE L TOh 28k BlE s
(Fig. 1c, d), 7R h—TRAZELZ LT 5 Z & %773 TUNEL FEPEHIRRIER H S e
-7 (Fig. 1c), 1.0 ug/g diet, EAEBHIA 4 FfiIZ2 DU A2 HI%, 2 FFf#4 & [FERICIEAM L
=M EHIEAFET D3P S 7228 (data not shown) 2 < @ M AT L 7=
®THY . BERPEE LIoMa-OMEEs S8 Lo bl (Fig. 2a), —77. 7R
F—P AT LTS MIIEBIER S o 72, £ LTRSS T 27.8%033E1C
Eolo 24 BB OMBEBE L2 24, HEMROMFESEZITETL, LrbIEiE
ko HEMIIZIZ L A EBIE ST, MkIIREREBICH o 72 (Fig. 2b), —T5. 2
W, 4 BEIRRERE T AR F— 2 &2 2 LTV D M3 Z2 S e - 7= (Fig. 2b)
24 FF[EIT% % TIZ 15.6%235E 1 L 7= 0.5 pg/g diet 5 X2\ Tid, 4 B ICIEZ< 0
M faffa A EAME L T 2 03Bl shviz (Fig. 2¢), E7o, BURENWZ L2, 20 X957
MAADZ I, BAEPEAICBEEI L TR Y, KL~ Tidd 57 TUNEL ST
72(Fig. 2c, k), E7z. 24 BRI IE G L Rk O —HIC IE 5 2 i LRk 2 B
7= MR ARG & AR OFESR & LTz Bl BN ELAV T BRI 2 B v, Z DRI SARIZ 0T
TR DFE > TOWAMIIRIZIZT R h— A2 Z LTWA Z & -7 TUNEL B0 H
B3 S V727 o 1oy 26 < DAL P R & 1 Btk & o Ic#lg2 S iz (Fig.
2d), 24 FFfE# F TITH A a TYHRH 1 ILH 727005 72 0.25 pg/g diet & 0.05ug/g diet
Koo 2 Wit OBIgETlE, MEMROBAE S TUNEL BitEofild b8 S hiknoiz
(data not shown), L72>L. 4 Fefil# OMRICIH W TIX, MEMEOBAEIZA b h o
7273, TUNEL Bt CH 5 FEMIRO KRB OEN S HBILE S - (Fig. 26,9), ZiH D
MR OTEHE LB O M EML & b E D ED RN T BT — A AN B LTl
fa D5 (apical side) (2 o7, £/, MEROREL L o Ko7z (Fig. 2e,g), 24
I O OBIE T H S| X MREMIRTH D Z L 2R KO % £ TUENL [

PERIIR S B CRlER S 7= (Fig. 2f, h, Fig. 3b, ¢, d), £72. FIEDOHATIC L > TEZ D
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TR PV ZROMIITIZ L A EBEI N ol WTIE L A E O EM g
TUNEL 5t 2 9 8t b Blgt Sz (Fig. 3c), 723 TUNEL BPERIENIE & A EB1ER
SR o TRk D G B RGHIREZ 35 T L TR 230 72 < 72 o Tz (Fig.
3h), F-AMRHIIE D ZERR A% RT3 1T 5 Wl B RGO O & D K 0 & K8
STz (Fig. 2h), LT, 7 b— 3 ABHRA mBEE CTH 5D EALIC RV T
TUNEL BEEHIRRAS G b B2 AR 2 S L% L TV 2R - S 7= (Fig. 3d), b
13, 2 2 TR SRR D IR S o TeARIRAIA 2 26 < A7AE L T D sl vy TR A
MR TICT A b=V ZEORIETRE L 2B THH L ZRELTND EEXD
N7z & HIZ TUNEL Bt iE & A 823, Wl BRI T b K& R & R
B L 7= MR Cd 5 Z &1k, DAPIIC KX 2B DR & DOHERIC XD TIZHEND S
M7= (Fig. 3a), F7o. HATIC L - T, ZHHRE LSOOIz, Rk
FI AR oD LB A/ & 7082 185 < TUNEL o0 STV DR 03812 & 7= (Fig. 2h, i),
24 12 Ac & TUNEL BGEiifu A2 < 8152 S 47z 0.05 pg/g diet @ CrylAa #7 § 5-1X
T 72 WefE 8% OfRE 2 TUNEL Jeta L7z, [REEARICIVTIE, 24 IefffE Tl s TR
HAL7z TUNEL BRI Il S <20 TR =22 Z LED LTz k9
(2 5L A T I fE AR O 20s e FX (Fig. 4b) & [RIFREE & TS L JRDS » TW A ia o

22l & IEH FFOARBE T » TW D EEF2MEZ2 S 7z (Fig. 4b),

1.3.3 CrylAa B8 h A a FHBEFBTOT R b— AEEEEF R L~V O B
s LR CBIZER SN TR b= 2E ED & 5 RN & 7 F BRI R
B L TCWDONnEHH~25 H AT, Bm-Apafl, Bm-MAPKp38, Bm-Jun BHE&DZE(L %
fRRT Lz, F7o. MO BB O IBE OFFMIZ D LR O R E L HlE LT D
Bm-Socs (22T b [RIERDFRNT A 1T - 7=, ribosomalL31 &% U 7 7 L v AEfnf &

L. CrylAa R ARAHX & i U TS EN L LTe &2 AACHEIZ X0 &Y
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PCR THEXfE & L 7=, CrylAa #3% 0.1 pg/g diet DX & 1.0 pg/g diet DX DX IZFNT
ETNENOBIETORBEL I L2 Z A, Bm-Socs (2O Tik, 1.9 f5& 2.5 1%,
Bm-Jun i X238\ C 3.4 % & 3%, & LT Bm-MAPKp38 (22T, 1.9 /% & 1.1 1%,

Bm-Apafl [Z2OWTIE 715 & 6.1 fEDRBEOMABILZ SN~ (Fig. 5).
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FAf EE

141 L8 LRMRTEZ o TV S HIRE

3 HUWNIZIFE A EPFERDZIUT ERmVEESME L ILE 2720 1.0 pg/g diet 38 XY
0.5 pg/g diet T CrylAa 285 L= A a TSRO OBE T, 4 FERLINICH &
MRS L T D F VB S 4L, 24 IR ICITHARR DS AR EE L T DR VBIER &
7= (Fig. 1c, d, Fig. 2a, b) . JE1T L CEBBEIRE D Cry mBRER N A 2 W O BEISEE]
2% 47> T 5 Nisitsutsuji-Uwo D 7' /b— 713, WG BB o K512 R AR 23 i 5
DR ISR LD 60~90 D RICBHFICBIZEE S D &V ) RFgE SRRl LR R %
A L Cu B (Nisitsutsuji-Uwo.1980), Z4L6H D Z & &, £ ZIZ Pore formation model @
L CTHE 2 BTV DIRIBIERITHI 2 AR OZE, 2 (Knowles 1987) &\ 5 BiZ A3 Y
{BETEREI 72 &R L TW5, —J, Smouse and Nishiura & ® 7 /L—=7" (Smouse
and Nishiura 1997) |%, Cry #RIZL > THEI N TR b — 3 A Culex pipeiens D1
IO > TV D Effaaf i TWb, REBRTIZ, I aHghn, EIZTED
Cry BHEIEELMTH D 0.5 ug~1.0 pg/ g diet Tix, FEHE L TWH D HIICEB VTR L
JLTC TUNEL Geth &40 2% il 2 FEBAORAAE TRt L 727200 C, TUNEL B3tk Tire <
A, R L sfilanEIZEA ETH-2 (Fig2a,c, b, d), ZOFEENSL, Cry 5
R LD TGO & Thilhe < BBROMERIEICIE, 7R b= ANTHER & 72> T
5 LB 2 Mo 72 (Fig. 6), £7-. AR L7=X 912Hh KU VX X7 AR SH
TGN T, PKA @ Tt T oncosis kD 7' 1 77 AESE THEFE2NFEMA Z & D3R S
LTV 5 A3 (Zhang et al. 2005), oncosis £ 7' 11 7' LAHIRESEIZIZBENT - 7= RERO R
WENL TR\, Zhang HOFHRT 5 K 95 72 oncosis £kD 7' 1 777 LHERIFED [F]RF
IZHEAT LT B I O W THIEN Tl e o 72,

ZHUCK LT, ZL< O RO RS E TAZIRDIRED CrylAa # 2 UEE L 72 &k T

TOBELETIE, 72 KRB ETO LOKEMICE T BEEEENHESLIE T A LN
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X 9 A 9 DR BIER S N7 oy o 7= (Fig. 2e-j, Fig. 4), & L CIEA &3,
CrylAa #R LB~ D 4 ]2 M O 24 I %1238V C TUNEL BBPED 7 AR b — 2 2 % i
ZLTWBEEZLNIMANEIE SN Z L Th D (Fig. 2e-h, Fig. 3bc), & Z AT,

Z O TRIZE SNIZBHE R T AR b= ZARROBRIEDIE & A E13, 5 LB 24 Ak
T LAl T b R E & 5> T 2 Ml T 2 > Ty 7z (Fig. 2e-h, Fig. 3b,c) o
1 LR Rl AR 2%, Cry R OBk L LTI L0 FMFEL TV D LB R
5N TWDZ &M B (Hofmannetal. 1988), = Z TR SN T R b—T A& Z LT
LAMAIE, Cry BH#IZ LV ZED R0 L UL D85 EE 252 1 T2 #llid Td 2 mlReE:
WEZBND, Flo, KR 24 etk O OB T3, AFEMEAT R h—r Az
ZLTWDZ DA, MR D ZEBR NN DY - TV DEE MR S 7= (Fig. 2c¢,d),

ZD XD 7 Cry mREERORZNER M OWLE LA ORI OTEREZAIX, B
A =7, % LT Alabama argillacea ®%h 15T % s ST %, (Sousa et al.2010;
Abdel-Razek 2002), Z D& L, HEMIENT R b — AL > THATHE L= &
(2 X0 i LRGN A AR D AR AN LT 2 EISPED D TH Y | PGSR AA
B0 SR> TS EIICR ATz, &5, sublethal 725540 CrylAa
TR R R 72 BpROE S OMBOBIR 21T o7 & 2 A, 24 FFFRIZIIHEIC A B
TUNEL PSP R S 3, R BGAk o F f A OB 1ok R IX. & [RIAR FE & CHR R
L. JAD o TOTERRRHIIE O 221 & i BRIX & AR OIRBEIZ R - TV = (Fig. 4) . 24D
D E1E. CrylAa HHEDOFHMER 223 -0 4 512 & TlidZe - - HEMRIL, 4
RFEI 225 24 BFff#%, HOWIEZNUBETHI TTI R b—v Az L, BE L,

ZDBIHRROEH N Z o722 & 2R LTV 5 (Fig. 6), In vitro D3FEBRTH 508,

H.virescens @ 1 i O £% 38 M i@ (2. Bacillus thuringiensis AA1-9 & L < (%, Bacillus
thuringiesnsis HD-73 ¥R L 72 & 2 A, 7R b —3 A3F58E S UM ERIE, AR o

B L, Ziuctiun, B0 bt S vz & o#E 23 H 5 (Loeb et al. 2000;
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Loeb et al. 2001), F7=. invivo T%. Drosophila {Z Pseudomonas aeruginosa & > 9
ZEASED L, BELZZITIZREA LT enterocyte 287 R h—3 A& Z L, @0
IIAEIMEET D Z & & d i L R M T o> Caspase3 DiEME % F 2k~ TV 5 (Apidianakis,
etal. 2009), L7z > CT AR b— A&, Fiiceflaoigiisibes V7 Li-GEE%

7 G L BGRIR O3  Te BERR L AR RTICE ST 2 b 0ot Lty

142 HELEREFEOS TS

Cancino-Rodezno %1% MAPK p38 @ RNAIi % M. sexta & A. aegypti (Z-2DV\THTW,
CrylAb #56 & OF CryllAa &2 12xf T DS DS, 224, 8RN 105N L 7= 2
L &R L, MAPKp38 23 Cry R 28R L-BHANEFTIOICHATHDL E VDI %
z %~ L7z (Cancino-Rodezno et al. 2010), = ¢ MAPK p38 #%#. % L C[H U < MAPK
D 1-2Th 2 INKEED T TIE,. 7R h— AD5| %4 L 72 % Caspase-6, Caspase-9,
Caspase-3 MG D Z & 23iiE &4 Tur 5 (Porta et al. 2011; N'Guessan et al. 2005),
—7J7. Cancino-Rodezno & M 3EERIZI\ T CrylAb 735 2 £ A L 7= M. Sexta ® MAPKp38
DFBLEN 7 HRRITK 7 58850 L 7= 2%t L T (Cancino-Rodezno et al. 2010), Fk % O
HTlX Bm-MAPK p38 {22V T i 0.1 pg/g diet O X [#E T 1.9 £%. 1.0 pg/g diet @ X#E T 1.1
BFThY, HINIBMTH Y ZOEWIIRHTH -7, —F, Jun 22\ TiX, 0.1 uglg
diet DX C 3.4 f%, 1.0 pg/g diet @ Xl C 3 [FREE DOFRBLEDEEMNMN Z H4v (Fig. 5).
Z DORRBEDMENOEENZ R L TW D AREMENR B 2 bivlc, Apafl (I F= R
TIZBWTY b7k C LA L, Caspased ZiEMA b+ 2@fRICBEE5 LT, efT
WFFEIZIBNTT R b= 205 Z HBRICIEE L~V TOIEMEA R Z 5 Z & B
Drosophila (23 T#iE X 1TV 5 (Zhou et al. 1999; Fortin et al. 2001), T4, A 2
TH 7R b— 3 AR U 728 s+ DT A TR AT 41 TV T O Ff TRy

DI DT R b= ZADORKKIZE G L TWHEBIRF 1 E < [FE S -2>28H 5 (Zhang et al.
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2010), HAKMIZ1X, death receptor pathway. epidermal growth factor pathway. % L C Apafl
23E845- L C\ % mitochondrial apoptotic pathway (ZB84> 2 A& T3 RIE STV T, HHiZ
Apafl 235592 mitochondrial apoptotic pathway (Z- 2\ Tlid, A = HHROE MY
THDBMECells IZBWTA ML AZE UL b2 RU 706 M7 v ACHEAE
BICHHSNIZZ LS ZORBA A 2 TTBWTT R b=V ARFEHEE N DHERIC
FIHENTWD Z &R S 7= (Pan MH 2009) , ARBFZEIZEBWTC, A =24 D Apafl
oltholog T& % Bm-Apafl s 1 DEZE L~V Z MM LTz & 2 A 7 AR h— R &
22 Z LTW 72 0.1 pg/g diet &\ 9 sublethal 72 CrylAa #R ALEE X (23U T CrylAa &£
BAG 7 & 6 RF[ETRIC DRR G 25 FRIX & e U TR 7 fRTE M b S e 2 L v S 4,
I CRIE S N7 R b —3 A2 Bm-Apafl %419 % mitochondrial apoptotic pathway % |
MLTWS RSN H D LB R BN, SHITHIKRN LT, 7R b= A0 #%kIC
BT BEINe) -7 1.0 pg/g diet (2B W T HI[ELEEs 128, sublethal 7 CrylAa
HRIEESMTH 5 0.1 ug/g diet T 6 REfE#ZICHT L7z H 0 & [FAFEE BmApafl 235 ML
SN WO FERDFEBILZ(Fig. 5and 6), Z D Z &%, 1.0 pg/g diet &5 A = A
BT LR T TH, CrylAa HHREICLD TR b= R T, IEL~LTIEFEESIRT
WAHAREMEZRIB LT D, F7o, A a W NESICE L RMTH 5 0.5 pglg diet (25
W LT 2 T L1 T o> TUNEL [ 23 B8R S iz & i B RGRR o
PRI ORER (Fig.2c) &b FE L72V, Ll EBEZT A b — 2 OEEEHN M
faCHEA TV BIIE, Cry BRI L VIS5 Pore 706 DA A Ui AIZ K 2 MO
. HOTNIEATL TR Z 272DI2, TA b= AT T 2 B e A3 B2 58
ATLELSTNDDNS LIV,

S DI, D EMTEIZISWN T, Cry Bk [AAR, 5 EOMIKAIC A ML A2 G2 D4
IRRF-A5 M D S LI D 5] & 4 Tdo 2 IAKISTAT #REE A TEMEAL T2 & 5 WiE A

& % (Beebe et al. 2010; Liu et al. 2010; Buchon et al. 2009), = ® X 9 72501 [ & LI TAHFSE T
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1T, JAK/STAT g OiEME L 2 BK+ % Bm-Socs DHRE L~V & fiffi4 5 Z & T
JAK/STAT #&#E DIEMEALOFRFE Z 5 L 7= & 2 A, 0.1 ug/g diet [XECld 1.9 fi%. 1.0 pg/g
diet TIX 2.5 f5& W I FERE SN 7-(Fig. 5 and 6), 2009 £ Jiang & OHFFERE R T
Drosophila D GAIAZIZ ISV TT R b — 3 A0 JAK/STAT R EIEMHAL O b U H— L7205 2
ENREIN TV D Z LD (Jiang et al. 2009), ABFFE TEIZE X7z Cry HRIZE > Tk

BINTT R b= A0 JAKISTAT RS Z2fE ML L TW D TREME b B X 615,
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Table 1 Median Lethal Concentrations of CrylAa on
3rd instar larvae of Bombyx mori

CrylAa consentration

motality(%) n=30

(Mg/g diet) 24 h 48h 72 h
15 57.8 92.2 100
1 27.8 51.1 87.8
0.5 15.6 33.3 77.8
0.25 0 8.0 17.0
0.1 0 0 3
0.05 0 0 0
LCso 1.406 ug 0.741 pg 0.386 ug
e 1.195 yg~ 0.662 uyg~ 1.837 ug~
(95% fiducial limit) (1.824 “%) (0.832 l:]%) (0.426 L:J%)

26



Fig. 1. Reaction of midgut epithelial cells treated with lethal dose of CrylAa.

Mock (a, b) or diet treated with lethal dose of CrylAa (1.0 pg/g diet) (c, d) midgut were
fixed 2 h after treatment, and paraffin sections were prepared and stained by the TUNEL
(a, d) method or counterstained with DAPI (b, d). Nuclei of the midgut epithelial cells were
stained light blue with DAPI (b, d). Arrowheads indicate swollen columnar cells of which
cytoplasm protruded into the lumen (c, d). Sections were examined under the
Fluorescence microscopes. The scale bars represent 20 um.
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4h 24 h

1.0 ug/g diet

0.5 ug/g diet

0.25 pg/g diet

0.05 pg/g diet

control

Fig. 2. Reaction of midgut epithelial cells treated with different
concentration of CrylAa.

Bombyx mori larval midgut treated with 4 steps of CrylAa (0.05 ug/g diet —
1.0 pg/g diet) were fixed 4 h (a, c, e, g,i) or24 h (b, d, f, h, j, k, I) after treated,
sections were made and stained by TUNEL. The sections were observed
under the fluorescence microscopes. The closed allow head indicates
wreckage of the burst cells (a). The light green fluorescein indicates the
TUNEL positive nuclei (e, f, g, h).The closed allows indicate weakly TUNLE
positive nuclei (k). The open allow heads indicate TUNEL positive nuclei of
immature cell (I). The open allows indicates goblet cells with enlarged
cavity(h). Asterisk indicates cell debris accumulated on the peritorophic
membrane.The scale bars represent 20 pm.

a. CrylAa 1.0 pg/g diet b. CrylAa 1.0 ug/g diet
c. CrylAa 0.5 pg/g diet d. CrylAa 0.5 yg/g diet
e. Cry1Aa0.25ug/g diet f. Cry1Aa0.25pg/g diet
g. Cry1Aa0.05pg/g diet h. Cry1Aa0.05ug/g diet
i. control j- control

k. magnified figure of fig. h [. magnified figure of fig. f
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Fig.3. The spatial pattern of apoptotic cells

Midgut of 3rd instar larvae of Bombyx mori treated with sublethal concentration
of CrylAa (0.05 ug/g diet) were fixed 72 h after treatment, then the section were
stained with DAPI (a) and by TUNEL (b, c, d) The allows indicates cell nucleus
stained by TUNEL staining (b). The allow head indicates nuclei disintegrated and
shifted to the lumen side due to apoptosis (d). The scale bars represent 20 um (a, b,
d), 50um (c).
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Fig.4. Bombyx mori midgut epithlial cells t 72 h after
treatment

Midgut of 3rd instar larvae of Bombyx mori were fixed 72 h
after treated with CrylAa (0.05 ug/g diet).The sections were
conducted TUNEL staining (a), mock control (b). The scale bars
represent 20 pm.
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Relative gene exporession
to the contorol insects
N
|

Socs Jun  MAPKp38 Apafl

Fig.5. Analysis of host defense related genes expression

The expression levels of each genes on 3rd instar larval midgut 6h after
treatment with Cry1Aa were detected by A/Ct method by real time RT-PCR.
The cDNA were prepared from 30 larval midguts. Three replicates were
performed. Open bars indicate gene expression of the insects administered with
CrylAa at 0.1 pg/g diet relative to the control insects. Closed bars indicate gene
expression of the insects administered with CrylAa at 1.0 pg/g diet relative to
the control insects.
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Disruption of
columnar cells midgut epitherum

CrylAa doses in *

sublethal to non-lethal Bm Apafl
Activated /p i !
CrylAa toxin

apoptosis of columnar cells Repair of midgut
epitherium

Fig.6. The model of Bombyx mori midgut epithelial cell’s reaction against Cry1Aa

In the lethal condition of Cry1lAa administration, midgut epithelial cells were swelled and
busted, and then midgut tissue collapsed. Although apoptosis happened in parallel, swelling
and bust were seemed to progress faster than apoptosis. In the sublethal or lower condition
of CrylAa administration, apoptosis seems to lead to renewal of columnar cells layer in the
midgut for the repair of damage.



Table 2. oligonucleotides used for real-time PCR

oligonucleotide sequence Accession Number
Bm-MAPKp38-F 5' ttggattgctggatgtgtttac
Bm-MAPKp38-R 5' catcgtacggacacagaagct AB208585
Bm-Socs-F 5' cagtgtccagagatatgtgagc BGIBMGA009619
Bm-Socs-R 5' taagcagtgcagacgcag
Bm-Jun-F 5| cacagcatggagaccaccttc BGIBMGA004164
Bm-Jun-R 5' gttcacgaatcgctgcac
Bm-Apafl-F 5' atactggtgcttcacggtatg BGIBMGA011028
Bm-Apafl-R 5' gcgaattgcaagaccgatgac
Libo L31-F 5' ccaagagcaatcaaagaaatc
Libo L31-R 5' gtcagaaatgttcccttcacgt BGIBMGAQ00959
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¥ 28 JA 24 ABC transporter C2 @ Cry Z&5 /EFMME L CORE| DOfENT

BL1E B

PR 1 & 5 1 HiCREIC WY | Cry ARG T b % < DFRLT
SIAENTWADIL, “Pore formation model” (Bravo et al. 2004) & “Signal transduction
model ” (Zhang et al. 2005; Zhang, et al. 2006) T 5, ZiL o DIRFLUZIE S\ 7= Cry FEE
RS B CiE. Cry i, B ER B OWLE LRGN BIZHHBLT 2 Z /K07 LA
TERT2Z ERMETH D, CrylA FEHRICHOW T, BEICEHO S+ EBRICZ /IS L
L CHBET DAMREMED R EN TN D, D 1 DTHDLI KU UEkZ 87 B,
Bombyx mori (Nagamatsu et al. 1999), Manduca sexta (Hua et al. 2004) . Heliothis virescence
(Jurat-Fuentes et al. 2006), Ostrinia nubilalis (Flannagan et al. 2005){Z33V T CrylA F# 12
KT DA EMIIA 5T 52D TELNFTHDLZ LRI NTWD, T2,
FERRI B AR &2 V7= Cry 3R JNBUME OFZEIZ 38 T, H. virescens (Gahan et al. 2001)
& . Helicoverpa armigera (Xu et al. 2005). Pectinophora gossypiella (Morin et al. 2003) DX
PEE R T OBBFIBIT G 1 RNV U TR IE LS B TE b 2 228, K
D 1 OORRTHL Z LRSS NTWD, —H T, 2V av B AT 7 F VA )
¥ h—/V (glycosylphosphatidylinositol, LA GPY) 7 > —Mp & L x7ED 1>, 72
J T FH—E N (Amino peptidase N, LL T APN), #IZ APN Class 1 (UL~ APN1)/Z
Drosophla melanogaster {258l St % Z & T, CrylAc X3 2SN E E iz & D
> (Gill et al. 2002), APNL DA L2t > 773 Cry B 259 2 8h B IR o sz M %
KT S5 EOHENDH 5 (Yang et al. 2010; Tiewsiri et al. 2011), F7=. CrylAc HHitED
H. armigera (23T APNL 43 FIZE BB A - Tz & OE 238 % (Zhang et al 2009) ,
L2rU, R UARZ X7 D X5 ITRIRFHIIZ APNL 23 Cry = G R R K+

72 L RIE ST fiE 72 < L K72 APNL OZ B BLE O & HTHE O KRR 1T &
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DT o TV e, —Ji, APN EFEED GPI 7o —HRla VR THDHT A Y 7
#+ A7 7 #—=E (Alkaline phosphatase, LA T ALP)IC DWW Tld, EprRELIERRIZ L 5 Cry
HBRIEZME N GET L0 FTHDL LWV I WMETRND, Cry mREHUERERIZBWT
ALP (2T 5 G EDIR T HEE L MR 5 Z L mESNATWD
(Jurat-Fuentes et al. 2004; Jurat-Fuentes et al. 2011), % L C, 2010 4, Gahan 52Xk W 4 &
T Cry g REMAE & OBRSES — b SN2 EDRWABC F T S AR—X
—C2 (ATP-binding cassette transporters subfamilyC member2, LN ABCC2) 7% CrylAc &
PU H. virescense DIEHIMEIRIKKE 7 THL Z LNV v —U<= v BV T ORERE LTH
#H 3 f7-(Gahan et al. 2010) , F7z. 2012 FiTiEL, WA aHFIZEBWTH CrylAb ik
NAATDY oy —U~y B2 T BT O RN H ABCC2 43175 CrylAb 41
PETH D Lpdlt S (Atsumietal. 2012), S B2, FATHFRICEBWTH KU~
B & 2 X7 R0 APN IZE NGRS H 7R 0o 72 CrylAc HEHTE D P. xylostella <> T. ni (2
FBUWTH ABCC2 73 FIIC AR B D Z L 37T >/ 1 (Baxter et al. 2011) , ABCC2
D Cry AR RIERMEME L CHEERMBE 23507 THL Z NPT LHICE
272,

Z 2T, RETIX, A 25D ABCC2 T 5 BmABCC2 7 Cry iR IERMME LTl
DE D BB ET DT THLONEMAT LI LT L7, ABCC2 7 fid, Mlfaf
CHBRT LT THHI LD, Cry mAXARE LTRRET 2 2 i ni, £
Z T, CrylA BREHMETH 2 B HREHR M ST Ml BmABCC2 4 1 & Bl &t
Cry mERZMZ AT S Z & TBMABCC2 N BIRSFTHOMNENZ I+ 5 Z &
2 U7, F7o. BB L7z, 7k CrylA BREBABEAMEICB W TEHELZLEZX LN T
Tl RNV AR LRI B L OZRIRE L TOMEDRE S &2H_DHZ LT, Cry 3
FREZMZ LT OICEERZRRII LD+ ThHL0% 1 SDOFEBRRZE AV TR

g2z & a2l i,
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F2fi AMEHE B
221 BEHEERAMR
Sf9 ML (/NAE =3 b UitkxfE Spodoptera frugiperda PPELHISK) ZEi#% 7 7 A o
(tissue-treated, IWAKI) F1ZC, 10 % (viv) 486 H ki yE (FBS, JRH Bioscience) % ¥/
L 7= Sf-900 11 SFM (GiBCO, Invitrogen) (ZX VD 28°CT7 7 A KR HE SETER S

w7,

222 ¢cDNADZv—=27

Enhanced green fluorescent protein (LA T EGFP)% =— K9 % cDNA (% pA3hr5(-)EGFP
vector (I B KR F N E B XD S5 EHE) X L,
5'-tcgg TCTAGAatggtgagcaagggcgagga-3' & 5'-gatgAGGCCTtacattgtacagctegteca-3'D 77 A
~—Z MW T PCR SUSIC X VIR L, 3 fid cDNA Z[FFICHBITE 5N 4 —
pBAC4x-1 (Novagen) @ Xbal . Stul %A MIMHAIAAT, 584K BtR175 (UL F BtR-Full;
AB026260)% =— 9% cDNA (X, 3 el A = (BFkxIEFN) F %D cDNA %8R
5'-caagcgtAAGCT Tatgggagttgacgttcg-3' & 5'-acgaatcacgagctcgggtatggcaaccatga-3'd 7 7 A
~—7% AV EGFP % #H7A A T2 pBACAX-1(pBACAX-1-EGFP)® HindIll & Xhol 1 Rz
MIANTE, 7 FN~LTF FE BtRI75 #EFESEM (Toxin binding region; LA F
BtR175-TBR) @ cDNA WEi/ii%, 3l A = (BEkxIFFN) 5D cDNA Z#RIcZzh 2
U . 5'-caagcgtAAGCTTatgggagttgacgttcg-3' & 5'-acgaatcacgagct cgggtatggcaaccatga-3' .
5'-tggttgccatacccgagcetegtgattegtee-3' & 5'-cctacagCTCGAGtttctggaattgatttge-3' D 7 7 A ~ —
ZH BT PCR SUGT X 0 95 L, overlap extension PCR (2L ¥ cDNA Wi fy z 8 L,
PBAC4x-1-EGFP @ Hindlll & Xhol A MI#AIAA TS, APN Z 22— K95 cDNA I,
3 W WA = (A xHFn) P B O cDNA & BRI T TN

5'-taaatGCGGCCGCatggcatctcgetggtt-3' & 5'-ggccattCTCGAGtgccaaattgacagctaa-3' @ 77 A
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~—% AT PCR FUSIC X 0 #§IE L, pBAC4x-1-EGFP @ Xhol & Hindlll ¥ ~iZH
FA T2, BMABCC2_S & BMABCC2 R % =t— 3% cDNA (X, ZTNFi., A 2
(Ringetsu, race 606, https://www.gene.affrc.go.jp/ex-nises/lbombygen/indexJ6-eng.html) & 7= 1,
A ad

(Chinese No. 2, race 401, https://www.gene.affrc.go.jp/ex-nises/bombygen/indexJ4-eng.html)
k¥ o B cDNA % §5 B (T 5-cgtGCGGCCGCatgaatagtgatgggagag-3' &
5-tgaGCGGCCGCtttttetgtatttctace-3' > 7 7 4 v — & FHI T PCR 2 X VD #E L |
PBACAX-1-EGFP.® Notl ¥+ MIHAIAA T, BMABCC2_ S } (O} BmABCC2_R**
DOcDNAFEES L, 3->DPCRET i % overlap extension PCRIZ & v difs s+, fERIL7-, %
NZIOPCRIE J 1%, pBACA4X-1-EGFPIZBMABCC2_SF 72 (ZBmABCC2 REMAIA AT
H O EHFERICENZE L, Fl (5-cgtGCGGCCGCatgaatagtgatgggagag-3) and R1
(5'-taccacccagaggtagtgcaa-3"), F2 (5'-tgtaagcggagggaaactggt-3") and R2
(5'-acatgttataaatattatacttctttcagt-3'), and F3  (5'-atgatagcactcaggaagtct-3) and R3
(5-tgaGCGGCCGCtttttctgtatttctacc-3) O 7 7 A ~ — Z N TPCRIGR & 1TV IR L 72,
overlap extension PCR |2 X - T 4 Wr i % # §§ & + 72 BmABCC2_S™* } Ot
BmABCC2_ R ® 524 £ cDNAREHIIL, pBACAX-1-EGFPDNotlH A M ITHLAIA AT,

PXABCC2_S & PXABCC2_R(MCcDANELSIL, TN ENDMEFH Y 0—=1 7 SHfH

J

AN FE 7 77 A I K DNA (PGEM-T easy) # # M I & 1L £ L .

5’-GCTAggatccATGGAAAACGGAAGCGGAGC-3° &
5°-CGCaagcttAGGATGGTCGTCGAAGTAT-3’ * 7z % N
5’-GCTAggatccATGGAAAACGGAAGCGGAGC-3’ &

5’-ATTaagcttCGTCTTGCGCCCCGTGCTA-3* D 7 7 A ~— % U TPCRI G & 1TV TS
L7=, %5 L7-PCRIEr X, pBAC4x-1-EGFP®BamHI & Xhol¥ A hIZHLAIA AT,

AaABCC2DcDNA, B AE TR L5 BASEMUE L THi#E L/t AV ~h X
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D A Bk L 72 ¢cDNA % $§ 1 |2 . 5-AAATgcggccgcATGGATAGCTCGCGGAAG-3” &
5’-CCGACtcgagTTGGCCTTCCTTGCTAAAAC-3 D 7 T A ~— % N TPCRIG A 1T\
HEWE L 72, Z OPCRIT 1%, pBACAX-1-EGFPX 7 % —®Notl & Xhol¥ 1 LA AT,

ZIE I DCDNAZ KL Z2IA A 72 cDNAITL K IGEEDH 5 alZ BV A £/ EHRH# L 7-,

2.2.3 KE#LZH AcNPV DIESR

#H e 2 75 Autographa californica nuclear polyhedrosis virus (AcNPN) Z{ES9-2 7= 24
well plate (Iwaki) (Z#&FE L 7= 4.0x10% well @ Sf9 #ifa = L. 25 ng © BacMagic DNA &
125 ng ® pBAC4x-1 kT v AT 7 —_ 7 X —%3LE A L=, BacMagicDNA & k7 > &
Ty =Xy = BEA LML SO EWT A VA BTG D T2 O DER R BRI,

Bac Magic™DNA kit (Novagen) O 7’11 h 2— /LIt > TR Z o7,

224 CryHBROEHR

CrylAal (AA22353) #HFZEIZOWTIX, F1E2Hi (2.2) THEHA LS O & RO
Z R % 72, CrylAb8 (AAA22551) %56 D DNA BL%IiE, Atsumi et al. (2005) T
fifi FH & 4172 CrylAb8 @ DNA FEFI N AAENT-7 T A K DNA %R
5"tcaatCCCGGGacatggataacaatccgaacatc3” & 5'gtccaatgctGCGGCCGCittattectcca D 77 A <
— % T PCR BUGZ & 0 HElE L 7=, 745 L 7= DNA B2%113, pGEX4t-3 X7 % —@ Smal
& Notl DA MTHHAIAATZ, CrylFa #@H#IZ-OWTIL, Fentes et al. (2006) D FC#kiH Y
IEME b, BRlE N4 > 87 8 % Dr. Jurat-Fuentes X 0 7y 50727202 b 0 & W=,
CrylAc(AAA22331)7:5% D cDNA Fc51iZ, B. thuringiensis HD-73 77 2 X K DNA % &%
A1z 5'-gcaaGTCGACatggataacaatccgaacat-3' and 5'-atcGCGGCCGCctattcctccataaggagt-3'~°
T A ~—IZX Y PCR UGN X 0 ¥R L7, %815 L7- DNA BlHIIE, pGEX-4t-3 X7 Z —

@ Notl & Sall D% A MIFHAIAATS, H#E4F L7= cDNA BLFIE pGEX-4t-3 @ Notl & Sall
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DA MHAIAATE, Cry9Aa 53 DELSIIE, Bacillus genetic stock center L ¥ BtV %
7= Cry9Aa iz T-Ai8 % #743A AT pSB1402 7 % 3 R(BGSC No. ECE130)% #5%!Ic
5’-ACGCgtcgacATGAATCAAAATAAACACGG-3’ s
5°-CGTgeggecgcTTACTTTTCTGTTTCAACG-3° D7 F A ~—% AV CPCR G IC k2 0
& L. pGEX-4t-3 X7 % —@ Notl, Sall %1 MIFHAIAATS, Cry TREIE T Z/AA A
72 pGEX-4t-3 X7 Z —|%, KIFE#K BL21 \[OPElEH L 1 35, 2.2 L RO HETK
IEHE 25 L, Cry BB OE AREZ KR L7z, KR L. 200 mM Tris-HCI (pH8.3)

L7= Cry BB RiBR A 2 /X7 I KR 02mgiml D R Y 7L %Nz 37T°CTA %
aX— 52 LT DIEM L L7z, &M B LR L7 % > /N7 E 1%, 28,933 g, 10 min,
4 COFELIBHEC L > Tkl L LTHEUX L, PBS T 3 [FIYE- 72, f0 NaOH Tk
L. PBSIZiHT L7z, PBSICENT L7cZ v /R0 BlX, TV ¥ A MU —BIC RV BES
B L CHW=, Cry9Da2 #:#% 1%, Sinkawa et al., (1999)(Z50# &AL TV % Cry9Da2 D A
% PEA$ 5 B. thuringiensis japonensisis #£(AF032733, genebank) & 154 L . [Flim X2 H 5 2
JEEEE MW TR L7 HER L oORER & RO FIETEE L. E& LT b2 W

72(Sinkawa et al. 1999),

225 LDH7 v&A4

Sf9 Ml Z N Z 4D ACNPV Z & S, 72 BFf#l, 256°CTA »F =2X— L7z,
faiE, PBS THEL. 96 well 7L — NZHERE L, CrylAa #EAM L, 25°CT 1 B
A FaX—|h LT, A F 2— MEOMLIL, Cytotoxicity Detection KitPLUS (Roche)
D7k a—VZHE, i S FLERI K 3558 (Lactate Dehydrogenase; UL T LDH)

7 L— M) =X —%HWCHIE LT,

226 MEGEROHN
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Sf9 AEIZ Z AL EN D ACNPV Z ikl S, 72§, 25°CTA »Fa—h L7z,
ez [\ L, FBE ORI & 77 3 — 27T A FI24 100 Wl BN L, §#i8E S8 5 2 & Tl
e N—= T T AN[E0 AT T2, MR A RS Y AT 7o N — 27T A 1%, PBS THEWSEMIIE S
EhaRkolMiazli Lck, Cry BREBREZ AN 2 RORXATA T TR
(Matsunami) (ZHlifiE Z #2285 S B 721025 Cry SRR & il s X 9 e & CHd7-, 27
A RZ7F A%, 60 43 25 FETA % 2_— b L, #CEEBEE (BX50 Olympus light
microscope) | C. BX-FLA epifluorescence unit (Olympus) % FIVNC#IZ L7, MG E
Rk, 1 REFFORAE Lo ilao® & 2 5 5 #8FE % 5 BB 51TV 2 OSFEBE A2 A

TRHE L=,

2.2.7 HTEOER

BtR175 HLlfiLiE 2 ERL-4 5 7= b O HUF I, Hara et al.(2003) Tffi il X #17= BtR175 D 7EH

TR
fEa e (TBR) Z%ELT 5 KME CHELIE/o ¥ v 7 Ea vz, BmABCC2 HiiL
HEEEMT 27200 EERT 57201, AFE 2.2 TERLL7- pBAC4X-1-EGFP (Z
BmMABCC2.S » fid % % Ml & A A 2 7 7 I K % #% & |
5°-GCAAgtcgacTCGTTGGAACGCATTCAAAA-3’ &
5°-ATCgeggecgcTTTCACTGCAGACAAATAC-3 D 7' 5 A <~ —% IV T PCR KIS %4T -
7z YEIE L 7= PCR W i&. pGEX4t-3 X7 # —I(Z Sall, Notl 1 & HWTHLAA AT,
M Z 27T A RiE, KIBEE BL2L ICPEEHA L, 5 1 7= 2.2 LD FIETY
NI EEEESE, AR Lz, BRUZEAMEL, €70 422 =L 7 tr=x
Ja—4—(Bio-Rad)Z T L7 by a— g Bk Y BIZ X7 EOW
FaEgv L, PBSIZBHT L, IBEAERL, HURK /X7 H L Lz, BR175 HLiLif
EGDHTOIC PR Y /37 B % JelICR ~ U A 6 KEEE A2 5 I L, 2% L,

—p 4°CTERE U721, 2,290 g. 10 min DO EERIEZ 1T - 72 B2 HumiE & LT
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Mz, PLmigix 0.005% 7 AT b U 7 A EHKRIEE 50% D7 ) a—L&NiZT—
20°C THRAE L LI O FBRIC V72, BMABCC2 HLifliF I >\ Tk, =7 A & 7 H XDl
FHEER LT, ~ v AMIEIX, BR175 L RO FIETIER Lz, U¥FHuigiE, #
At BRRBRTEOINEL, ERESR 2 0E v,

2.2.8 BmMABCC2 ERAFIMIEE LDOEROYE

Sf9 _LIZ¥EHL &H72 BmMABCC2_R->**" & BmABCC2_S+%* o CrylAa, CrylAb fi&&hE
RN DTOIC, TNENOMAH 2T ANPV A K4 S & 72 Mg 1%,
NoStickHydrophobic Microtubes (Scientific Specialties Inc., Lodi, USA)IZ[EIIX L. PBS Tl
Mz a7, ZE4 20 mM CrylAa & L < (% CrylAb & 10 43 =R TS S, 4%PFA
T 10 Sy RIEE L7, [EE LM, PBS T 3 [aIPEV T CrylAa v XHiMiE & 16 Kf
fl 4°C TG SH, PBS T 3 [EPE~7-1%IZ. Alexa 594-conjugated goat anti-rabbit 1gG
(Molecular Probes, Eugene, OR) & 1 I¢f#]EiR Tt & PBS T3 [mIBE-~ 7%, FH AL,

2.6 THRCHL L 72 SRS F OBl LT,

229 yxREVTuyT 4T

2.26 LRERDOFIETENZND ACNPV & &Y S 72 SO Mifdid, 1.5ml F=—7IZ
X L. PBS T 3[al¥E->7-%%. SDS-PAGE sample buffer Z il x &l L. SDS-PAGE ®
Y7 E Uiz, SDS-PAGE O#ETIEL, 10%AK U 727 U7 I R VEHWTHBEL .
rBfERE D 7 VX PVDF [ (Perkin Elmer Life Sciences) |[ZHRE L7z, #2737 45 LT=
PVDF fEiX, 5% AF A I/LZ/TNT C 1 Fff], |IECIRGE L 2N o7 nyx o7 1L,
BtR175 HiiEZ ¥ L. 1 BEf, =|E CHRE L=, 2 WHIARIZIEL horseradish
peroxidase-conjugated anti-mouse 19G % >, »X> KiX, Immobilon detection system (GE

Healthecare) Z FHV N THEHE L 72,
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2210 feEge

FEBIM F o> BtR175-TBR & BtR175-full D et L F D X H 12fT-72, 2.6 & [F]
ROFIETENZNO ACNPV A &Y S B 58 L7-Mifdix, MAS-GP type A Micro slide
glass IZHEFE L7z, 4%PFA/PBS T 10 ZrM[EE U721, it BtR175 ~ U A HLilLiE & N
%, 16 Kffi], 4CTA v FaX—hK L, PBS T3 [E-7z, 2 RPUKITIE,
Alexa-555-conjugated-anti-mouse 1gG (Molecular Probes) % V>, 1 BFREIE TG SH 7=

BEIA L, 2.2.6 |ZFLH L 7 #OCBMEE T CRIZE L 72,

2211 BtR175 REMRERE LOBEROMRH

CrylAa @ BtR175 (2T B AEBREZ XD 728, 2.6 & RO TET, BtR175 258
X7z Sf9 Hiia A2 MAS-GP type A micro slide glass  (Matsunami) (Z#EFE L, 4%PFA T
E L7-,PBS T3[EE~7-%.10 nM @ CrylAa 735 & 16 BFfE] 4°C Thdi &1, $i CrylAa
TYXHME L 1 BB S 72, PBS T 3 APt~ 7-%. Alexa 594-conjugated goat
anti-rabbit 1I9G (Molecular Probes) & 1 F¢fE]=EIR Tt S8, FFA L, 2.2.6 [ZF0H L 72

JCEAMEE T CRIZ LT,

2.212 SPR Z M\ 7z BtR175 & CrylA FERDOREAMERIR Ot

KNG CTHEL S 7= BtR175-TBR O E AKORERL RI¥E{kIL. Haraet al. (2003) & [Fl45
DIFETIT o T2 KB L7 BtR175 /X pH 4.0 © 10 mM EEEE 7 > & =7 AICHIEE 50 po/
ml (2725 X9 IZAIR L, CM5 &> —F v 7(GE Healthcare)ic 7 2 > h v 7Y v 7k
(2 & EFE L L7, CrylA BHEITENZENA 70 Wl iZ7e5 X 512 PBST TAHAMR L 5 %
FTOME L. BtR175-TBR % [Efl{k L7z CM5 & H—F v 712 120 A ¥ = 27 k

L7e, fRBEMFRZ 15272912, CrylA mHRIEE D5 PBST buffer (28] 0 £ 2 240 FPRIGEE
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A EL- 7=, BUGHIERIZ, 1:1 Langmuir binding model Zff~>7- 27" 0 — L7 ¢ v T 4
T EATV, FEEHEER (ka) K OMREHRE E (kd) 2R M LI, 72, B —F

v 7 OFAIZIE, 40 ul @ 5 mM NaOH % Fu 7=,

2.2.13 FRE5 DFE

25 cm® DEF# 7 7 A = (Orange scientific) (&= 7 Ly k7RRAE D SO A 2 IR
L72100ml ® =477 22230 ml O L I L, 2 Ed AcNPV % 30
MEAIN L 25 “CC 72 iR %548 L=, MRl PBS T 2 [EIHEW,
Complete Protease Inhibitor Cocktail (Roche) % ¥/l L 7= PBS 5 ml Tig#t:, 'K ETHE
TF A P —% H T 3000 rpm THERE L 72, HERROREAEIL, 5000 rpm, 10 43, 4°CT
O HEEL . B A IR L7z, B U7z B3I HT L vy 50 ml =48 12 F% L 16,000 rpm,
4°C, 40 53O LBEREIC LV IRE S 2 b S e, BIEZBRE L72EESIZ 1 %
n-dodecyl-B-D-maltoside % & ¢ PBS Z il x 1 B[], 4°C T —F — & — ECHE#R L. 16,000

rpm, 20 47, 4°C D1z Lo BEBRIERR O B3E 2 fI e LTI i oy 7 v & LT LTz,
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I MERLEBE

2.3.1 A =X ABC transporter C2 (BMABCC2) O Cry &AM & L THREDHER

9. CrylAb & d 1 4 = 4 B. mori Ringetsu (Rin) H 3 ¢ BmABCC2
(BmABCC2_S) % SfO MR RBL I, /IR E U THRIEET 202Dz, FER
Z4T D AN, EGFP ¥88i Sf9 M CrylAa, CrylAb, CrylAc IZkI3 2I0E 48l LT
EZALPM DOEBEETHISEITR N -7 (Fig. 7). Z4Ucxt L. BmABCC2_S
Z R EL S 7oA CrylAa %4 100nM iR~ % & 20 43#4121% EGFP A L5881 L T
5 Z LB BmMABCC2_S HIBLL TV 5 B2 b oMl EmROGHELZ T, M
LTV DR MBS T TR S iz, £72. FRFMND 60 HHRICITE HI
% OIS AT BIER SH (Fig. 8), = DHEIE S AT HINIZAEZL L 72, BmABCC2_S

FEELHIIEIC CrylAb, CrylAc % 100 nM BN L, BREFAICEIER L72BRIC b R O s 08

il

A B A7 (data not shown), KIZ, CrylA BRI &> TEFELZ T -HilaOEE % E
T 57212, BmMABCC2_S FEMI L CrylAa L2 MW T, BHEICL-> TEELZIT
T AEREDN S i & 41D LDH 2 I7E U 7=, Cry #35 EEAR (A 720 BOG TR ITAS B 7203,

TANAERIZ L o THoTZMlaD Ny 7 75 0y MaRE< 1D Z &b ER Ik
D SOGHEDE & i $™ 2 O L 72K EE O @& WO RS BB /T 720 2 & 3o
7= (Fig.9), £ZC, LDH 7 v A RO MG EROEREILELE LT, PBSIZXD ¥
A NVAEGIT KV AT Z NS IR EZD TN I T I 0 0 Rafizbdl L
DHIFFTE 5 Cell swelling assay 2179 Z & & L7z, BMABCC2 RBUMALIC, Kk~ ZnifE
D IFEIADII2 D CrylA mwREZ WM L 60 5% OBIE 21T > 72 & Z 5, CrylAa,CrylAb,
CrylAc 1241 100 pM, 10nM, 1nM LA BTN L7288, wRIC L DEEL2ZITED
AT BRI AEE S - (Fig. 10 and 11A), £7-. 50%O KRN S TeiE DI,

CrylAa, CrylAb, CrylAc ZiLZEHUZDOWTIE LZ 0.8nM, 80nM, 8nM Th - 7= (Fig.

11A),
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2.3.2 BMABCC2 @ Y®*#EAZL R D CrylAb, Ac IEHitE~D R 5 DL

Jor =~y B 728 A =3 Chinese2 (C2) S&#t? CrylAb & CrylAc (Zx%f
THEPUEDFINIL ABCC2 DERTHDH Z L3%EE ko B, ABCC2 2% CrylA %
DIERERE L7255 T D Z L DR S4L72 (Atsumi et al. 2012), & Z T, C2 Rk
? ABCC2 Td %5 BMABCC2_R HIZAFET DB AL IO K TH 5 D)% i
%D Z EIZ Lz, BMABCC2_R % 3Bl &7 SO Mok L C, 3 D CrylA #H#
CyrlAa. CrylAb, CrylAc Z#NL 60 2@l L& 2 A, CrylAa IZ2W\WTiE
BMABCC2_S % %8l S 72 SO fifu & [FERIZ 100 pM LA LD 73R Claal L 72 Ak 23
BE2 S 4L, 100 nM THI 0% DHIE M L TV BT 2 Blgt Shviz (Fig. 11B), Ll
7235, CrylAb, CrylAc #HHEIZOWTIEL, 1uM ORETYH ., M L7-Miaidgigg s h
72Tz (Fig. 11B) » 2O Z &2 BN BmABCC2_R 4y F-INDZE#H (BmABCC2_S
EDIEY) M, I A 3 C2 ZED CrylAb, Ac HFIEDIRKTH S EEZx b, 7
¥, CrylAa JREEIZ{AF L C BmABCC2_S FBUAIA H I BT 2 AL O FI& 237~
iHi#kiZ BmMABCC2_R #ELMIIE & L <FEELL TH Y, C2 R BmABCC2 R EDZ |
CrylAa ([ZITHERETH D Z ENRBINTZ, 2O L1 CrylAa B A RO
CrylAb, Ac IEPTIERHE (C2 Bfk) &SR (Rin RZHE) OWF UK L THIZIZEA
HOHMER O L EFEN R oT,

& Z AT .BmABCC2_R KT 5 C2 Rkt & hhish & 9% CrylAb & Ac IR A Ff
> B.mori @ 7 %D ABCC2 O 7 2/ FEELFIIZIE Rin 524D ABCC2 & ks LT 234 fif
WICETIZBWTHBE L C1EEOT o OB bz, LoT, ZOoFrv

OHMMAESTEE E AT EE RN TIE R W EB 2 B (Atsumi et al. 2012), L 2>
L. RinAft & C2AMDENTIZZ D234 A2 EZHTI3 # DT X BEOEWD B 5 (Fig.
12A), & 2T, AT 234 D F 2 DN ABCC2 43 F D5 FARKERE DIE T D

IRIND M EMEND DT HIT, BmMABCC2. S @ 234 {72 Tyrosine % fFh0 L 7=
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BmABCC2_S+2'Y Zi& A L7=7 A /LA, AcNPV-BmABCC2_S +2'Y %1{EH L 7= (Fig.
12A), Z D7 A LA ZEYe S8 7- BmMABCC2_S+2'Y J83 SF9 Ml oo j&Rz M & 34l L 7=
& 2 A.CrylAa % 100 nM %N U 72 BRIV ZsAE L 7o i 2 B & v 72 ozt LT L CrylAb,
CrylAc FFHEIZHOW T ZNZFNA500 nM T s L= fiid @iz s s~ 72 (Fig.
12B, Upper), 97245, BMABCC2_S+2*Y J&Hi Sf9 (X CrylAa #EICH L CIdsz
AR 5 TN 7223, CrylAb, CrylAc BRI %F L CIFRHiE T¢Hh - 7, IIZ. BmABCC2_R
7 234 fi£ Tyrosine & H ¥ [\ 7= BMABCC2_R-2'Y AR L x R 2 n 7 A L
A AcNPV-BMABCC2 R-*'Y # fE i L 7= (Fig. 12A), Z DO 7 A L A Z H T
BmMABCC2_R->**Y J31 Sf9 #lfi 2 1E 0 Z OO 25T L7z & 2 A, 100 nM O
CrylAa \Z T 2 1E2 0 7>, BmMABCC2_R R HMIIL TIR&Z M4 7R & 7275 72 500 nM
@ CrylAb 35 T8 100 nM @ CrylAc (26 i LI L 7ol as@les < 4u7z (Fig. 12B,
Lower), Z#L 56D Z &b 234 (D F 1 3 v DHEINE BmMABCC2 Oz %95 CrylA
RN GRENICEE R ERBE 5 X DM THDZ ENREIN, -,
CrylAa Hifk %z W THE YL 2170y, BmMABCC2_S+2*Y J O BmMABCC2_R->*Y J&Hi A
iz - C CrylAa, Ab #R0MEA F 72 ITMIREI R S > T D RENRTE 2 0%
e8> 7=, BMABCC2_R-*'Y JELMIN TId, i) EGFP ORHLED L\ HlIZIZ IV T
s sE 2SIl R CRH S (Fig. 13), — 5 C. BMABCC2_R+2Y FHMIIIZ 1
T, CrylAa #58 O AN TR S 7z (Fig. 13), 2D Z & 7226, BmABCC2_R
IZFH BT BmMABCC2_S LV 1L < fFET 5 234 D F = 2 /X BmABCC2_R &

CrylAb FHROMHAAEMICEEEL KT L TWDH Z PRI,

2.3.3 BtR175 2% Sf9 IC B % 5 ST 5-887) D BMABCC2 & DLELER
Cry B RIEMEIT 6 2 A PRRY e HERE S iR S 4T & 72 BtR175 (Nagamatsu et al. 1999;

Hara et al. 2003) DifaiZ x4 2 &2 M 5-RES1Z BmABCC2 & Fhifd 2 HHY T,
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BtR175 # 54K (BtR175-full) & L < I CrylAa f& 4 Ei BtR175-TBR
(Nagamatsu et al. 1999) & L CEA L7 AcNPV Th 5. AcNPV-BtR175-full }z T
ACNPV-BtR175-TBR Z {EHI L, Sf9 AHAIZEY: S+ BtR175-full & BtR175-TBR (Fig. 14)
ZIBLE T2, 728 ACNPV-BMABCC2 DIF & [FIERIZ & A /L A EYSHiE 2 3k B T & 5 &
T HHMT, ZHHD T A LAIZILFKFIC EGFP cDNA 238 A L7e, s ME2 R F
T LA, B 725 SPOMIaZm HIZHIFF@ 0 ICHIBL L TWD Z & 2 5 HRYT,
IS OMHBEZ T A VA Z Y ST ST Mk LT3 oD EREI T, £, U
TRAR LT U T 4 T ELToT- & T4, BR1TS-full FEHAING & BtR175-TBR &S
MHIX, £NE4 175 kDa & 70 kDa OHGFR{EE D O R S #v7z (Fig. 15A),
RIT, HL BtRL75 HLLIE T 7 A /L A fEYGY SF9 M5t Lo e az il e, & DOfER,
TS ORGSR DR 60% 3 EYe~ — 1 —Tdh D EGFP ZHELL T\, ZDOHT
t EGFP 235 < BELL TV D K 9 IZR A D —EOMIgIZ 0T BtR175 MiF THE - T
W52 ERRO B (Fig. 15B), X 5H1C, BtR175-TBR #BIMilaz RV AT LT R
[ L 7=, CrylAa SRR MEICAE ST 200G Z2 /et L7z, B CrylAa HLifiF 2 A
7oA HE A L7z CrylAa ORHFZR TH . BtR175 HUlLKE & AV 72 o e i [F4%, EGFP
DR L TWD K IHICR X D5 OMIE T CrylAa mREVBFES L TND I &5
b7z (Fig. 15C), Zh D Z L5, BtR175-TBR 3 HLMIIE TIX CrylAa ICFE A9 5
PEIR Z R > 722 T BTR175-TBR ZMildRE IR L TWDH EEZ bRz, —J7.
BtR175-full ZEBLHIIEIZBE L C & E DR ELA feRE S 4L (Fig. 15B) . BtR175-TBR ZEHiLAf
i & [FIERIZ CrylAa (IZxF T DG MEIR 2R > TV D Z L3 #ifF ST,
BtR175 23HIfFiE V M EICIE LW F R TRILL TWD Z B HER TE 22w,
RIZ, BtR175 FEHIAIILD CrylAa mRICKT D27 HME L7z, £7°. BtR175-TBR
FBUMALIZ CrylAa, 8% 500 nM 12725 £ O IZEshn L, MIfE O FEREZE (b 2 RRRFH L2 4

LBLicL A BHRERBMDE 20 min @S EGFP ~— 7 — &2 L &IZHEBL L TV D
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BtR175 JEELAMNE ARSI I 3B SR . 60 73321213 & 5122 < D EGFP [5
IS A ST (Fig. 16), LavL., X512 6 Weflltk £ CBIZ 2 i) 7223, EGFP [
PERIR OB OFREEIE 60 0 OBIEE L 1T & A EA D BT, BmABCC2 R ELMia D&
EE o THREIT 2T E & A E L5 472 5o 7= (data not shown), ¥iZ, BtR175-full %§
BIHEALIZ CrylAa . CrylAb, CrylAc @22 L . 60 5% DENZENDOIEE(L 2L
FHZETAMSE T CRIZR L= & Z A, CrylAa & CrylAb (ZxF L CiZ 600 nM CHRAE§ % i
DMBLEL 7223 CrylAc 12%F L CIE 600 nM T & BAB AR T BLEE S 72 hh - 7= (Fig. 17A),
—77, BtR175-TBR F&HA111% CrylAa, CrylAb 35 L U8 CrylAc (2%f L, Z 44 150 nM,
150 nM, FB X 1VV450 nM DL EORE CRZAEA#IZE < (Fig. 17B and Fig. 18A), 3 fE D
CrylA #3224 LT BtR175-full R LV mWES AR > Z R ESnTc, £ 2

. CHUABEDFERICIE BIR175-TBR JE B2 VW2 2 & & Lz, Zpds, Fx 2 E-
7 BtR175-TBR %81 Sf9 #ifi > CrylAa (%3 %52 M 1% Nagamatsu & 232 LTV 5
BtR175-TBR % 8l < 7z Sf9 i DM L~ L= Tsuda © 23 L7584 K BtR175
ZIBLE 72 HEK293 fllin D&z L~L L IRIER L~V CTHh - 7= (Nagamatsu et al.
1999; Tsuda et al. 2003),

AcNPV-BmMABCC2_S & AcNPV-BtR175-TBR (Z/&&#4 L 7= Sf9 #lliio> EGFP R HL &1
RERETHEO bR >7-(Fig. 8and 16), L2>L7e 5, EGFP Z%EL L TV 5 il
IZH1F 5 BtR175 & BmMABCC2_S 3 HLAIALD Cry SR T DS Z L THD L
BtR175 Z BLfid (X EGFP DFHL BN @ WAL D 2% CrylA R IT/IE L T2 DITxt
LT (Fig. 16)., BmABCC2_S #HififidiL, EGFP FHLEMRWAIIETE CrylA I
XL TH BT EWEZEEZ R L TWD X927z (Fig. 8), 377245, BmABCC2_S
A OEAIL, L0472 BmABCC2_S OFHLL~L T CrylAa, CrylAb, CrylAc
2% L CEALZETL 100 pM, 10 nM, B LN 1 nM TIESZ AR L7, L7=23-> T, BtR175

78 ST A A 5o 5 & Z M 1%, BmABCC2_S 3 5-4 5 &% L v ¥ CrylAa, CrylAb,

48



CrylAc £ ZHUUCEI L THY 1000 5, 9 10 fi%, #9 100 5L BV & o & Bz (Fig.
11A and 18A), H. virescens |Z351F 5 CrylAc |2 & » Tk SN - PirEgfich, A K
AN UERE T EORREEZRIBL TS YFO RAEICEWTIE 5 pg/ml L~
CrylAc &3z M2 /R3DIZ%f LT, ABCC2 2 FDHEREAZ K L T\ % YEE R#H TIX
50ug/ml L~vd | e b 10 HRWVES A RO Z & 23R E TV 4 (Gahan et al.
2010), ZHHD T LiE, CrylA BRI 2EEMEA M 5 2 2 H&ENT BV T,
BmMABCC2 7 BtR175 LV & L W REREWAFH SO L AR L TWLH EEZX LD,
JCIZR L72i8Y | BtR175-TBR 8L i% CrylAa, CrylAb 3 L Uf CrylAc (Zxf L
Z 1274 150 nM, 150 nM, 35 LTV 450 nM BL B DR EE T4 R L, BtR175-TBR 3§
BRI IX B TEDFRITK L TET DM N H D 2 L 3o T-(Fig. 18A), Z Z
THIE SNz, BtR175 2SHIfIC 525 3 FED CrylA #E 256G LTIz 0@ & O
WL BIR175 & 2 b DR ORGSR DEVICH RS D et dH D, £ 2T,
ZOHEEMNEEI O DT, RIBEBEHA BtR175-TBR ZEE(L LIz —F v~
CM5 chip % FV T Biacore ] C 3 f& CrylA #3% & BtR175-TBR OfEAHFMEIZ >\ T
fEHT Lz, 125 nM 725 200 nM @ 5 BEFEIC AR L7k &2 W TR 21772 L 25
200 NM DA FEFE A NN L 72 BR D 120 #01% O FIEE S fE (Resonance Unit, RU) I CrylAa,
CrylAb, CrylAc £ EHIZF T 870,200, 5 L 18350 RU T, CrylAa i3 CrylAb, CrylAc
DENTN, FI431%, 25 EEVMETH -7 (Fig. 18 B-D), —F. fEEHfMMEE R
FRT A—=H =%l L THD &, KD fEIX CrylAa, CrylAb, CrylAc TN EHUZBWT
2.87(x1.38)x107° M, 4.21(x1.24)x107’M, 3.02(x1.39)x1078 M Th ~7= (Table 3), L
72285 C, BtR175-TBR (Tt L CREREER AN/ S VWV R 1T I aEtEA @ & U Bl
REARPEIT R 53, BIR175-TBR O EHE I DA tED B UHE L LSO Rm O D

LR MO ERIIH T HREZMICHEZ RITLTWD LEX LRI,
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234 =74 ABCC2 D Cry BRZAME L L TOMRBEDRHER

CZETOERLY, A 2 HITEBWTIE, BmMABCC2 78 CrylA B DO KR E LT
BERE L. AW TIT o7 SO 1A 5 2 D) & i 9~ 5 R0 Tix, BtR175 LY
HLEZDORENIENZ EDUREBE I -, Lo, ABCC2 @ CrylA BmRICKT 252Kk L
L COERFNDO—MMEIZE L Tldtkx R EBEICB W TS LI SN 2 HENK I
TWo, —JF, a7 BT, —#DF%Ht & ik LT CrylAc 12%F L TH 300 fF Dk
PUME 2 R THBUEDS B U 72 2 & A3 X7z (Personal communication), & 2 C, =2
TIZHBWTEH ABCC2 23 CrylA Tt A & U CHEET D7, 73kt = T oHt
PEDJRIK A ABCC2 43 DOEFITRK T2 Dnadi~2% Z iz Lz, =255 ABCC2 T
DWTIE, 2011 442, Baxter 5723 CrylAc itk aF HizonWTl v r—y vy e
THRAT ATV, Pt a2 T OJRE N ABCC2 701 Th V., HMlaEEE N AL 12 O
TEEIC 110 7 XV BOERN D H 2 & i L7 (Baxter etal. 2011), AWFZETHEIH L
7= CrylA HEEPWE = T HIZHWTH ABCC2 D cDNA 27 n—=2 27 L &%=
T ORF &l Uz & 2 A, FHIRBALG A6 OALE 862 i 869 iz 8 Hikk L 1038
NEDND 1059 ALOD 22 HEFED 2 D AT DK I & 3778 (LA  Z 2 AR Y v DT X B
AR S T2 (Fig. 19 and 20), T 726, HHUHERHED ABCC2 4311355 5 5 E MH
WD DERSY L C RIENLE K> TV D PRI, £ 2T, Bk, Kk
FNEND T HHKD ABCC2 #3813 5 ACNPV ZERL L 1 A =2 T OHE L Rk,
CrylA BmHRIZH T DA DT, M=) D ABCC2 Th % PXABCC2_S %
BHIE, BRENLIETZLE A, BRIIE LD ATV S M 8142 = u7z (Fig.
21), CrylAa, CrylAb, CrylAc EhZAUTxd 2 R IHEIE A A =277 > BmABCC2_S &
Biph) | FNENDOFEHEZ 100nM, 1 nM, 100 pM L BRI L 72BRICH) O THRE S AT
LA Bl S (Fig. 21), ZHHODORERED, a7 I8N TH ABCC2 7573

CrylA HEDOZRIKE L CHRET 5 2 L MBI 52T o 72, — 5 T, HHIHERL D ABCC2
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T D PXABCC2_R %78l X 7= i, CrylAa, CrylAb, CrylAc, TN ZEND7HFH
Z 1UM BN L, 60 73 SUS S EIT b mHRITSUG LIED AT 5 il 3RS T & 72
7o 7= (data not shown), Z @ X 912 PXxABCC2_R & ELMMAL 2N HERSZ M 72 B IR 8 &
Dy THMEKEEICELS BRHLRZ2NVEWTHLAREEREZ LN D,

PXABCC2_S & TF PXABCC2_R FELHIAL & v ML 53 2 54 L, BmABCC2 Hifiif d
BXMEZFHA L, VA2 TayT 007 x2Tolc, TORE., Mk ki
PXABCC2_R IZ PXABCC2_S L[l L~V CTHRELE LTV 5 = & AR T X 72 (Fig. 22), —
Ji. T CIZiR_7=i@ Y . ABCC2 & DFEu 13X H. virescens, P. xylostella, B. mori (235
WTC CrylA BRI T2 PIMEDRIKTH D Z & NWE I TW5 (Gahan et al. 2010;
Baxter et al. 2011; Atsumi et al. 2013), 241 H D Z &%, ABCC2 3 F a v HERIZEB W T
JRL CrylABHEOZRKRE LTHELTVWDZLEZRBRLTND EEZLND, — 7,

CrylA FEE S 2 kD ABCC2 1 Cry HRZAFEME L THRE L 72V 2 & 03 el
SN enh, IR TBIZE Sz CrylA BRIERHTMEOEERFIR & 72> TV 5 AlHE
PENREZ Hhtz, £72. ARSI L TWDIZh 0 59, PXABCC2_R 28 Cry 7
FERWE LTI LWEBEX, 7/ BOKRKIZE Y PXABCC2_R O IEF O
bDOLRRLTDTHL EZ X BN, £z, Heckel DREITH 5 K 912 ABCC2 731
2N Cry mEZ AR L U CTHRET DERITIZ. ABCC2 4y F 3 ASKEF> ATPases associated
with diverse cellular activities domain (LA F AAA R A1 ) D& OFE R Z DG
DMETHDLAREMEDRB 2 bND, 2D EEBET 5 & PXABCC2_R O KKEMLAY AAA
RAAL Y 2 D—ETHHT=DIZ, PXABCC2_ R D4y F-DEE R iv, Cry A AR

ELTHRET DN T oo o mlREME S B X 7z (Heckel 2012)

2.35 AaABCC2 @ CrydAa 7tk L L CTORBEOF EORE

ABCC2 737372 0 OFiPHDOF 2 7 HEBIZE W T CrylA BRZ /IR E L THEET 25
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LWZ EBA BN > TE 2, BUEE TIZ, ABCC2 W FIKTh D 2 & 0SB ss
BR7e ECESZMIORENTCEBRIT, AA a2 aFHoRrTHY Fa v HOFMIC
bo, o, EHHEMRICBNTS, Fa v HRBRLSOE BT ABCC2 78 Cry #m# 5%
HEL LTHREET DLW O MEITELE RV, 22T, o DR R & ZITIEMERD
Cry 72 DRAMRIZEB VT ABCC2 0 T3 Z Ky 7L LTHEREL 9 20 i+ 5 2
Lz L7z, #EkE LC. Bacillus thuringiensis subsp. israelensis 2343 % Cry4A, Cry4B,
CryllA, CytlA 72 ENEMEZ FFOEM R R Th H & b AU~ F Aedes albopictus % >
72. £, 105H®D A. albopictus %1 Hh % Cry4aAa O E AR Z G TeKIZ AN, 48 FEE#E D
FETEIAZ 5% Z & T, A albopictus 2% Cry4Aa (&2 M2 R0 8 ) a2 iid L
7o ZOfER, 100 pg/ml DE AL Z G T XEIZIBU T 4 [BOFETEERINBIZE S,
—F, X TE, HCERIIBIE SN0 -T2, L7eh-> T, FEEXIZ A albopictus 73
CrydAa |ZEZMEZ RO Z LR S iz, NCBI &b AV U~ I OTFETH D
Aedes aegypti D7/ LT — X ~— A Aedes aegypti Database
(http://www.broadinstitute.org/annotation/genome/aedes_aegypti)?® BLAST % T, A.
aegypti (2317 % BmABCC2 |2 b RE T P—DE Wy T ER LT-, FDhEE,
AaABCC2 (XM _001651648) 7% BmMABCC2 (2 btV Th D Z & Nyo- 7= (Fig.
23), &5%< AaABCC2 &7 n—=27 L, fifaz R ¥ oo A /LA
ACNPV-AaABCC2 Z 1 L7z, 1EH LIz 2 R A L 2 % JW T AaABCC2 % ST9
AIRLIC B S H, CrydAa BRI T ARG % LD Z L 1Z L7z, AaABCC2 73 Sf9 i i
FIZRBLL TW DN EHERT 5729012, L AAABCC2 MiEZ W TV = A X T r T
@t T HAToT L 2 A, BE T 5 150kDa FHIIC /S K3l & 41, AaABCC2 1%
AR EICRBLL TV D Z LR TE - (Fig.24), WIiZ, 1&ME(L LT- CrydAa 2 HE
TEXDHRKNEETHS 1.6 UM THIM L, 60 23 OHIE 48122 L. AaABCC2 ¥ Bl

2 CrydAa HRIC L > TEFLZITEL CWa a2 LicLiz, LarL, 60
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DOBIETIL, CrydAa #HRIZHE L TWAMIRITBE ST (Fig. 25). & 52 3 Refifk
F BRI &5 7205, AAABCC2 FEBLAI 3 SIS L TV D8R3 B S /e o 72 (data
notshown), =™ Z & 725, AaABCC2 (XM _001651648) | CrydAa misds il & LTk
BE L 722UV ATHEMEDN R S 1U72, A, aegypti <° A. alobpictus 137 > ZBADIEN BRI TH 5 =
b, NTRIZIERED S D Cry mRIFBRFEDO 1 2L LTRIRP/ S T T,
A BERBEIC OV T H < OFER TN TV 5, CrydBa & BBMV Z HW - fE A5
BrRd 0. A aegypti IZEWTIET A B Y 7+ A7 7 Z—E), Anopheles albimanus Tid,
-7 X T —ERZEEKTH D Z L AR T L0 & 5 (Jimenez et al. 2012.,
Fernandez-Luna et al.2010) , F£7-. CryllAa & BBMV % W =& FBR T, A. aegypti
DI Y RRE 378 CryllAa it 5 2 &, & 51T, CryllBa & A. aegypti @
BBMV ZHWWofE A EBRTIX, I RNV UARZ VR0, T ) XTFHL—EN, 7
NHY T AT 7 X —FOW A CryllBa & BBMV Ofi& & HET D Z L NRE S
TV % (Chenetal. 2009., Likitvivatanavong et al. 2011), = ® X 9 (2, FEERIZ ABCC2 LISk
DERDE L0 F T HERITIEEDO S 5 Cry 55k & FFRIICHET 5 2 L&
ENTWDLZEND, NZHRBRIZIEEOH D Cry HHEOZHFIRG T, Vil &b
Cry4Aa IZ oW\ Tik, ABCC2 i3 LN TH D AMREM LB X D 2D, £, 1ER LR
Bt e 7 CH % &  AaABCC2 1L Cry R AR & L THRET 5 Z & 2343 h>> 72 BmMABCC2
X° PXABCC2 & 34 LB - ICET 5 Z L B (Fig. 23). £ H % 4. A albopictus (2
X7 a2 VHRRTCry BB AR E LTI < ABCC2 OFRE T 701 BHEAE LRV AHE
PEICOWTbEBA OGN, BLED X S, o HDORR & ZIZIEERS Cryl LSt D
mHR L OMATOEIZBNTIE, ABCC2 T Z BRI+ & LTREEL RWHEENRH

LEBEZDBNI,

2.3.6 BMABCC2 @ Cry9 Z&E L L TOBEDHEDTE
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A A HZEBWT,BmABCC2 1% 3 FEEI D CrylA HFBICH T HZRIRTH D Z & 25y
MNofe—FT, FavHORMEZEZ-EBMICBWTIL, ABCC2 28 Cry B A F
TIERVWERPWAAREMEN A TE 7z, 72, Cry BROBAICHOWNWTHATHD &
Cry 1 A BZDOHIA LB AT Cry HBHEICHOWTIE, \EHUEIZE L&D, K72 ABCC2 4y
FNZREE UTHEET D & OWEITR VN, A 2 HITIEEAZ D Cry #3513, CrylA
EIRHNERR O L ONOEENTEBRICH D L OETIEIETHY, HlxiX Cryl L%
W72V BEENTZBEIFRICH D Cry9 IZJB T 2% DBJREND A a B IiEEE >, £2T
Wiz, FavHRER (1 ah) IZBWTIECrylA #3% LB - BRICH 5 FHE D
ABCC2 Z#ZRIZ L TV DM HOWTIRETT 5 Z &I L7, Cry9Aa,Cry9Da (33:iZF
a v BIZIEHDR S D CrylA 753 & [FERICATBRIAAS 130kDa #L D Cry R ThH 5, 72,
KRSy D Cry TR D FFOTRNTMEEZ R T OICKE T L& 2 5T\ 5 SIEORIFRE
HEEAE LTS (Sanahujaetal. 2011), Z DX 92, Fa v HIZEERH V. CrylA
FERENFLL TS Z Enn, Cryd HEERE B2 8 BRIZ BmABCC2 2K &
LTWDZ EnifsSh,

FP. TA I HEE, AHIT Cry9Aa, Cry9Da 15t L TRSZMETH 202D 5
Z LT L7z, N28, C440 &\ 95 CrylAb (Zxt L TS EtECTH D Z 3o T
V% (personal communication) 2 FEFEDH2 5 A 2 DR & HWT, Cry9Aa,
Cry9Da 7RIk T 2 2 A Lo, £ OfE5%., Cry9Aa, Cry9Da I3 N28 S&#t, C440
SO TR L TEWIENEZ R LT2(Fig. 26), X B2, A a HITEWEERH D Z
& D3 o TS CrylAa, CrylAb OFEEIIRIE T 5 LCyfl & B L TH5H Z &
I L7z, T OREE, Cry9Aa 1T N28, C440 12%f L. +hZh 16.9ng/ cm?, 14.7 ng/cm?
EWVW O EZR L, AEFRATC 4 O ER O The bIEMER W2 & 230> 72 (Table
4), F7-. Cry9Da & LCsffix, N <41, 68.4ng/ cm?, 60.9ng/cm® TH Y. CrylAa

EIFIER VAV OIEMEE RS Z & D3y 7= (Table 4), Cry9Aa, Cry9Da L2 h 1 =i
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fEARIT S L TRV EMEZ R T 2 & AR TE 72T, IRIZ N28 SRtk BmABCC2
(BMABCC2N28)% 7 m—=17"L, AcNPV-BmMABCC2N28 # {Efl L7,

BmABCC2N28 #¢ 5l SfO il CrylAa, CrylAb, % Z1E41 500 nM i L., fifao
FPREZBIZE LA, ELLLHEHRICKIS LTS AT BIEZE S 4,
BmABCC2N28 %, CrylAa. CrylAb (Z%fT 55K E L CHEMNITHERE L T\ 5 Z & 03T
B T& 72 (Fig. 27), L/ L. Cry9Aa, Cry9Da #ZNENHE T 2R KDOBETH D
45uM, 145 uM TN L 72BRICIE, 60 2 OBIEICHB W T, BRI LTS L,
B 5 AT DB SN o 7-(Fig. 27) , ZDZ L5, Cry9Aa, Cry9Da |k

(2 A BRI L CTEWEEZ R TICH B 57 BmABCC2 4%
FHT5Z L™ TEARY, 725 Cry9Aa, Cry9Da DAy 71X, BmABCC2 Tl
2D EE 2 7=, Pectinophora gossypiella @ CrylAc #ibith: T % APHIS-98R &
ZAP-RAZ#E1E. Cry9Ca & 2%t L TEZMETH 5 Z L3 STV 5 (Tabashnik et al.
2000), F7=. CrylAc =R TH 5 APHIS-S 3D BBMV % W= EHE DFEAE
BRIZEBUWTH Cry9Ca i CrylAc & BBMV OFFEA R FEA ZHE L RN R0 0h- T
V% (Gonzalez-Cabrera et al. 2003), Z i1 HRHUIEMFZEORERIL, CrylA #k & Cry9 75
FENF a2 v BRROME LRIV TR IZREZFATLZ L2785
HLOTHY | AWFZETHIZ CrylA #3E & Cry9 #5ED ABCC2 (25 D E o &
FURKRZR TS b0 EHEESND, LD Enb, A aFITiEEEZROBRED

HZd ABCC2 #ZBIRE LWL DR H D LB D EEZLND,
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EGFP alone
expressing
cells

Fi
cells. Sf9 cells were infected with AcNPV-EGFP and
incubated. After 72 h, the medium was replaced with PBS
containing each CrylA toxin 1 puM. After 60 min incubation,
cells were observed using phase-contrast microscopy;
scale bars represent 10 um.
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Fig. 8. Toxin-induced morphological changes in
Sf9 cells expressing BmABCC2_S. Sf9 cells
expressing BmABCC2_S were exposed to PBS
containing 100 nM Cry1Aa for the specified time.
Slightly refractive swollen cells (arrow heads) were
observed using phase-contrast microscopy; scale
bars represent 10 um
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Fig. 9. Toxin concentration-dependent cell response profile in LDH assay. Sf9 cells
were infected with ACNPV-BmABCC2_S and cultured for 72 h. The medium was
replaced with PBS containing CrylAa toxins and incubated for 60 min, and then LDH
activity was determined by measuring the absorbance at 490 nm as described in
materials and methods. High back ground and high data diversity seemed to depend on
existence of many dead and low viability cells due to the infection by the virus
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Fig. 10. Pictures of BmMABCC2_S expressing Sf9 cells administrated with
various concentration of CrylAa, Cry1lAb, and CrylAc toxins. Sf9 cells
expressing BmABCC2_S were exposed to PBS containing various
concentration of Cry1A toxins. . Slightly refractive swollen cells (arrow heads)
were observed using phase-contrast microscopy. Scale bars represent 20 uM.
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Fig.11. Dose-response curves for Sf9 cells
expressing BmABCC2_S (A) or BmMABCC2_R (B)
after treatment with increasing concentrations of
CrylAa, CrylAb, or CrylAc toxins. The cells were
observed 60 min after toxin administration. The
mean proportion of swollen cells from all EGFP-
expressing cells was calculated from three
independent experiments. Bars represent the
standard error of the mean for each toxin
concentration tested.
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BMABCC2 R LYFLYYISA BMABCC2_R2¥y  LYFLY ISA

234 2347
BmABCC2_S LYFLY ISA BMABCC2_S+2%4Y  LYFLYYISA
234

Extracellular 768 805
234 344 e~ >
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Intracellular 555 1141
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T 0

Fig. 12. Insertion of 234Y causes dysfunction of
BmMABCC2 as areceptor to CrylAb and CrylAc
toxins. (A) Diagram of mutation sites observed in
BmMABCC2_R in previous reports (Atsumi et al.
2012) and BmABCC2 variant constructs used for
the confirmation of the receptor function-disrupting
effect of the 224Y insertion. Closed circles in the
pattern diagram represent mutation sites in
BmMABCC2_R compared to BmABCC2_S. (B)
Susceptibility of Sf9 cells expressing
BmMABCC2_S+234Y or BmMABCC2_R-234Y to CrylAa,
CrylAb, or CrylAc toxins at the indicated
concentrations. The experiment was conducted as
described in Fig. 7. Slightly refractive swollen cells
are indicated by arrowheads in panels. Scale bars
represent 20 pm.
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A crylAabinding B Cry1Ab binding
EGFP image Alexa 594 image EGFP image Alexa 594 image

EGFP alone
expressing
cells

EGFP
BmMABCC2_R-234Y
co-expressing cells

EGFP
BmMABCC2_S+234Y
co-expressing cells

Fig. 13. Detection of CrylAa and Cry1Ab toxin
binding to BmABCC2. Sf9 cells infected with
AcNPV-BmABCC2_R-234Y or AcNPV-
BmABCC2_S+234Y, were incubated with 20 nM
CrylAa (A) or CrylAb (B) for 10 min, and then
stained with anti-Cry1lAa rabbit antiserum followed
by Alexa 594-conjugated anti-rabbit antisera and
observed in a fluorescence microscope. In the
images EGFP is used as marker for expression of
BmABCC2_R-234Y or BmMABCC2_S+234Y, and Alexa
594 fluorescence indicates Cry toxin binding to the
cell membrane. Scale bar represents 10 ym.



BtR175-Full ™

J Pro CR|J|CR|JCR |JCR |CR]JCR]CR|CR CgR MPR | cyt | His

Signal

™
BtR175-TBR
/I:[ RAFNIT| wer font | His
Signal

Fig.14. Schematic diagrams of BtR175-full (Upper) or BtR175-
TBR (Down). Signal, signal sequence; Pro, proprotein region; CR,
cadherin repeat; MRP, membrane proximal region;, TM,
transmembrane region; Cyt, cytoplasmic region, His; His-tag.
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Fig.15. Bt175-TBR and BtR175-full is expressed correctly on the Sf9 cell surface. (A)
His-tagged BtR175-full- or His-tagged BtR175-TBR-expressing cell lysates were separated
by SDS-PAGE and stained with Coomassie Brilliant Blue (a) or analyzed by Western
blotting using anti-BtR175 antiserum (b) or anti-His-tag antibody (c). Open and closed
arrows indicate the theoretical molecular mass of BtR175-full and BtR175-TBR,
respectively. Lane i, Sf9 cells without infection; lane ii, Sf9 cells infected with AcCNPV-
BtR175-TBR; lane iii, Sf9 cells infected with AcCNPV-BtR175-full. (B) Detection of BtR175-
TBR and BtR175-full on the Sf9 cell surface by immunostaining. Sf9 cells were infected
with AcCNPV-EGFP (a, b), AcNPV-BTR175-TBR (c, d), and AcNPV-BtR175-full (e, f) to
express EGFP alone, BtR175-TBR, and BtR175-full, respectively. The cells were fixed and
stained with anti-BtR175 followed by Alexa-594 conjugated anti-mouse IgG and observed
under a fluorescent microscope. EGFP images of ¢ and e indirectly indicate BtR175-TBR-
and BtR175-full-expressing cells, respectively. Scale bars represent 50 um. (C) Toxin-
binding assay of BtR175-TBR-expressing cells using CrylAa as a ligand. Sf9 cells infected
with AcNPV-EGFP (a, b, c¢) or AcNPV-BtR175-TBR (d, e, f) were fixed with
paraformaldehyde and incubated with 10 nM CrylAa toxins. For detection of CrylAa toxin
binding to the cell surface, the cells were stained with anti-CrylAa followed by Alexa 594
conjugated anti-rabbit IgG. The nuclei of cells were counterstained with DAPI. (a, d), DAPI
image; (b, €), EGFP image; (c, f), Alexa 594 image. Scale bars represent 50 um.



EGFP image 0 min 0 min 20 min 60 min

Fig. 16. Morphological changes in Sf9 cells
expressing BtR175-TBR. Sf9 cells expressing
BtR175-TBR were exposed to PBS containing 500
nM Cryl1Aa for the specified time. Slightly refractive
swollen cells (arrow heads) were observed using
phase-contrast microscopy; scale bars represent 10
pHm
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Fig. 17. Cry1A toxins’ activity against BtR175-full or
BtR175-TBR expressing cells. Sf9 cells were infected
with AcNPV-BtR175-full (A) or BtR175-TBR (B) and
cultured for 72 h. The medium was replaced with PBS
containing CrylAa, Ab or Ac, and the cells were
observed 60 min after toxin administration. Lowly-
refractile swollen cells are indicated by arrow heads.
Scale bars represent 20 uM.
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Fig. 18. BtR175 functions as a receptor for
Cry1A toxins only at a high concentration.
(A) Reaction profile of BtR175-TBR-expressing
cells. The experiment was conducted as
described in Fig. 11A and B. (B-D) Biacore
sensorgrams for the binding of CrylAa (B),
CrylAb (C), and CrylAc (D) toxins to
recombinant BtR175-TBR. CrylAa, CrylAb, and
CrylAc solutions at 12.5, 25, 50, 100 or 200 nM
were applied to BtR175-TBR immobilized on a
chip, and the kinetics of the association and
dissociation reactions were determined using
Biacore surface-plasmon resonance (SPR)
detection equipment. RU, SPR response unit.
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Table 3. Affinity parameters of CrylAa, CrylAb and CrylAc binding to BtR175-
TBR determined using Biacore surface-plasmon resonance detection equipment.

Ka (1/Ms) kd (1/s) KA (1/M) KD (M)
CrylAa  9.47(+4.08)x10*  1.91(+0.35)x10~*  5.75(=£0.15) X 10° 2.87(%1.38)x107°
CrylAb  5.06(£1.60)x10*  8.02(+4.69)x10~*  2.49(*1.57)% 10’ 4.21(+1.24)x 1077
CrylAc  6.29(+2.74)x10*  1.52(%+0.19)x10%  3.66(%1.53)x 107 3.02(%+1.39) x 1078

Values represent means = standard error.

Rate constants for association (ka) and dissociation (kd) and dissociation constant (KD) were
determined from fitted curves obtained by global fitting using 1:1 Langmuir binding model
from 15 binding curves obtained by 3 repetitive injections of different five concentrations of
the toxins.
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8 bp delation

PxABCC2_S 841 AATGGTRTITGAGGT GCGTGGGAGGT TTC| %00
PXABCC2_R 841 AATGGTf------- GCGTGGGAGGT TTC| 892
PxABCC2_S 901 [RGRARGGTGGTGGGGTCCTCCCGCGCOGCACGAGGTGGAGGCGTTGRAGCGEGCGTCCTTC| 960
PxABCC2_R 893 [ AGARGGTGGTGGEGGTCCTCCCGCGEGLACGAGGTGGAGGCGTIGRAAGCGGEGCGTCCTTC| 952
PxABCC2_S 961 [FTGCAGGGECACCTICGGCGEETICATECTGTITCACGEAGCGCACCTCRCTREETCHE 1019
PxABCC2_R 953 [ETGCAGGGCACCTTICGECGEGTI AT -—————————-—————-—-~ 185 f ngodel o cXel i LT

22 bp’delation

PxABCC2_JN030495.1 241 GLF3 QAGLTKLTAVYRRETAQRTDKR 300

PXABCC2_S 241 GLFS QAGLTKLTAVYRRETAQRTDKR 300

PxABCC2 R 241 GLFS QLGLTKLTAVYRRETLQRTDKR 292

PxABCC2_JN030495.1 301 REVVE KRASFVQGTEGG TERTS 359

PXABCC2_S 301 RKVVGS KRASFVQGTEGG TERTS 359

PXABCC2_R 295 ---Jicfrrrzeee LfRafEGe E [5]'LRAGH |?_r 349

64 a.a. mutaion

PxABCC2_JN030495.11200 [RLLEQVELED DYKVS SVGQRQLLCLARAVLRSNE DEATANVDEQ| 1259

PxABCC2 S 1200 WRALEQVELKD DYEVS SVGQRQLLCLARAVLRSNE DEATANVDPQ| 1259

PXABCC2 R 1190 WRALEQVELKD DYKVS SVGQRQLLCLARLVLRSNK DELTANVDEQ| 1249

PxABCC2_JN030495.11260 [rD RRQ CTVLTIAHRLNTVMDSDR DKGEVVEFDHPYTLLSARPGSHLN| 1313

PxABCC2_S 1260 [ID RRQ CTVLTIAHRLNTVMDSDR DKGEVVEFDHEYTLLSAPGSHLN| 1319

PXABCC2 R 1250 HEf S TERET——m—m e - 1263

PXABCC2_JN030495.11320 EETGDNMSKALYDMAKKKYFDDHE( 1347

PXABCC2_S 1320 EETGDNMSKALYDMARKKYFDDHEQ 1347

PXABCC2_R 1263 --—-----—-mmm e - 1283

Fig. 19. Sequence alignments of the first mutation site found in PxABCC2_R.

Nucleotide sequence (A) and amino acid sequence (B) were aligned by multiple alignment system
packaged in GENETX7(A). PXABCC2_S and PxABCC2_R are susceptible and resistant strains of
P. xylostella described in the text, respectively. PXxABCC2_JN030495 is the ABCC2 amino acid
sequence from CrylAc susceptible strain reported by Baxter et al. (2011).
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64 a.a. mutaion

COOH
AAA AA

88 a.a.:" deletion

prrrererer ey preeeeeeen \ eesenns
FxRBCCZ_S.gpt 1200 B EQVELED DYE E E.E-.‘-If: LEE TLN DE Q] 1259
PxLBCC2 R.gpt 1130 RLLEQVELED DYE AR RESNE BELTaNvVIE Q| 1249

. Sasssmmnnn’ Gasnnnnny

ABC transporter WalkerB D loop

Signature motif motif
PxRBCCZ2 S.gpt 1260 TID QELIREQ CTWLT NT DSDE DEGE EFDH T 5 GSHLHN 1318
ExABCC2 R.gpt 1250 HE[TSTEE
PxRBCCZ_S5.gpt 1320 EETGDHNMSEE o KEE DDHEQ 1347
PxABCC2 R.gpt i - 1263

Fig. 20. Schematic diagram of PxABCC2_R mutation sites.
Two mutation sites found in PxABCC2_R are indicated as red-colored parts (A). Deleted amino
acids found in the C terminal region of the 2nd AAA domain of PXxXABCC2_R is indicated by

underlines and drawn with dashes (B).
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Fig. 21. Cry1A toxins’ activity against BtR175-full or BtR175-TBR expressing cells. (A) Sf9
cells infected with ACNPV-PXABCC2_S were incubated 72h. The medium was replaced with PBS
containing CrylAa, Ab or Ac, and the cells were observed 60 min after toxin administration. Lowly-
refractile swollen cells (arrow heads) were observed under the phase contrast microscopy. Scale
bars represent 20 uM. (B) Reaction profile of PXABCC2_S-expressing cells. The experiment was
conducted as described in Fig. 11A and B.

72



150 kDa

Fig. 22. Western blotting analysis of PxABCC2_S or
PxABCC2_R on cell surface. The membrane fraction of
EGFP- (lanel), BmABCC2_S- (lane 2), PXABCC2-S
(lane 3) or PXABCC2_R (lane 4) expressing cells were
separated by SDS-PAGE and analyzed by Western
blotting using rabbit anti BmABCC2 antibody.
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Fig. 23. Phylogenetic tree of ABC transporters

TcABCC2 is from Tribolium castaneum (XM_964756); AGABCC2 is from Anopheles
gambiae (XM_312930); CuUABCC2 is from Culex quinquefasciatus (XM_001843037);
AaABCC2 is from Aedes aegypti (XM_001651648); BGIBMGA007784-85 is ABCC4
from Bombyx mori (XR_209861); TnABCC2 is from Tricoplusia ni (JN030493);
PxXABCC?2 is from Plutella xylostella (JN030490); OsABCC2 is from Ostrinia scapulalis
(KC758896); HSABCC2 is from Heliothis subflexa (GQ332573); HYABCC?2 is from
Heliothis virescens strain YFO (GQ332571); BmABCC?2 is from Bombyx mori strain
Ringetsu (AB620075); B. manadarina ABCC2 is from Bombyx mandarina (JQ774504);
DpABCC2 is from Danaus plexippus (EHJ725); BGIBMGAO0Q07738 is ABCC4 from
Bombyx mori (XM_004928679). The phylogenetic tree was drawn by neighbor-joining
method. Scale bar at bottom indicates evolutionary distance of 0.1 amino acid
substitution per position.
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Coomassie-staining anti-AaABCC2

Fig. 24. Western blotting analysis of AaABCC2
expressing cells.

The membrane fraction of EGFP- (lanel),
BmABCC2_S- (lane 2), or AaABCC2 (lane 3) -
expressing cells were separated by SDS-PAGE and
analyzed by Western blotting using rabbit anti
AaABCC2 antibody.
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EGFP image

Fig. 25. Pictures of AaABCC2 expressing Sf9
cells 60 min after administration of Cry4Aa. Sf9
cells were infected with AcNPV-AaABCC2 and
cultured for 72 h. The medium was replaced with
PBS containing 1.6 uM Cry4Aa, and the cells were
observed 60 min after toxin administration. Scale
bars represent 20 uM.
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Fig. 26. Mortality of B. mori first instar larvae exposed to Cry9Aa
or Cry9Da. First instar larvae of B. mori strain N28 or C440 were
administrated with a serial dilution of Cry toxin. The dead larvae were
counted at several 24 h. Error bar indicate the standard deviation of
the mean.
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Table 4. Median lethal concentration at day 4 of four Cry 9 toxins
against B. mori Strain N28 and C440

Toxins

LCso®

N28 (ng/ cm?)

C440(ng/ cm?)

Cry9Aa
Cry9Da
CrylAa

CrylAb

16.9 (13.6 - 22.7)
68.4(52.9 - 110.3)
73.4 (50.3 - 117.2)

71.9 (60.4 - 88.4)

14.7 (11.4 - 20.9)
60.9 (49.3 - 77.5)
40.9 (33.7 - 47.5)

>131.5°

aFirst instar larvae of B. mori strain N28 and C440 were
used for bioassay. Mortality was recorded after 4 days
exposure to a serial dilution of toxin. The 95 % confidence
limit is indicated parenthesis.
®No mortarlity was observed at 131.5 ng/ cm?
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Fig.27. Toxin-induced morphological changes in
BmABCC2N28-expressing cells. Sf9 cells were infected
with AcCNPV-BmABCC2N28 and incubated. After 72 h, the
medium was replaced with PBS containing each Cry toxin.
After 60 min incubation, cells were observed using phase-
contrast microscopy; scale bars represent 10 um.
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%38 ABCC2 & BtR175 OHFHERIZ OV T DENT

B B

BIARH 2 B CHEIOBR A BUEA NTE L STV D ERBBB G DOV < D0, # il
TER OBRRIZIB W CTELE LMD B d 2 EBOZ R L 56T 5 iRt % R
L TW5, Bravo HiX, Cry BRENMREBEEAFET 2012130 RV UERF 30
HeT7 2/ R_TFHZ—=E (APN) L9 i 2 MHAOSZARIZ 538 D72 B FALTHE
BT 5T ENEE LIRTUVWS (Bravo et al. 2004), F 7= Juat-Fentes 5%, H. virescens
IZEB W T APN EFEIEED GPI 7 > i —Mlp % 2 /37 ' Td 5 alkaline phosphatase (ALP)
MBI RANY ARE NI BLERAE L TAH Y A~— (b LIZmB N H ORI L UTH
BT 5 2 & T Cry 8 OMBUE~DOFFE AN FIREIZ /2 5 & FiR LTV % (Jurat-Fuentes JL &
Adang MJ. 2006), & 5 I(ZiUT4FE, Pacheco H1E Cry #%E/ APN EfEA L2l R U4
BB ARG LEOVAPN L A4 5 &\ 9 "Ping pong binding model 7% 42 L T
% (Pacheco etal. 2009), A72< &b, Fa v HEHROIHE Ol EICBFEEHOME S Z
YNV EDNFIET HDDIFFEFETH Y 52 BT & O B CHIllE IZRBL 2%
IZIEHRENTH D, —J7. F 2 FEICB VT, BmMABCC2 #7212 Cry B2 AR E LT
ERET 20 FTH Y . SPOMIEIC 5 2 DIV 5-RE ) & Hi 3 5 IRV IV TR, 1t
KFavRIZBWTbo EbHHEILLEEZONTELA RN URZ NI ETHD
BtR175 LV bR DEWREERTH L Z ENRATE L, 2N EZ A7), BRIT5 [TH
MTIX CrylA HHRICH LTI LA LERD DB 5T 2N RS eholz,
L72rL., —J T, H.virescens (Gahanetal. 2001). Helicoverpa armigera (Xu et al. 2005).
Pectinophora gossypiella (Morin et al. 2003) DIRHTIEMFIE TIZ, 7 R~V kR 37 EilE
(LA OBEEPBE G DB TR LV ORI 2 AT 2 LaVRENTE 7, T

ebbBb, RN UERZ XL, CrylA BB OEREE LTI L TEE OS2
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TRV ENRBINTE, Lo T, F2ETRIZBAS L |/HEICEAL TR
T EIFHN & DML, BRF R ORF CITHANKNER BB H 5 L F 2 5,

Z 2T, BT ENAEND Cry [AFEZFIRE L TH¥RET £ BtR175 & BmABCC2 7%,
BUESRE STV D /EFIRSE(GEIC R D APNL, ALP &0 KU kR Z o B DR
RO X DI, kT D 1VHEOEM LT 5 Th 2Rt a2 &0, 2 50103 A —fia
FICRBHCAET D|/AEDOHRICONT 2 S PE2RB ST RIREEMRE 77V %

Y X T VIR A2 VTS Z Lz LTz,
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F2HE MEEFE
321 B i

2 221 LEEEOTETERE LT SO A V-,

322 Cry &RONEH
CrylAa #FRIZOWTIEH 1 & 222 THEA L2 b O L FERD CrlAa FEEHH 2K
IS 25 L7=, CrylAb,CrylAc HFEIZHOW T, 2= 2 24 THEALEHD

& [RIRE D KNG EE 24 F L 7=, Cry8Ca (AAA21119) 753 DNA E41iX, B. thuringiensis

/71

serovar japonensis strain  BuiBui @ 7 7 X K DNA % & & (C
5'-gcaaGTCGACatgagtccaaataatcaaa-3' & 5'-cgtGCGGCCGCttactcttcttctaacacga-3'D 77 A
~—% T PCR S L VI L7=, % ® cDNA El4lix, pGEX-4t-3 @ Notl & Sall
DY A MIHAIAATS, Cry3Bbl (AAA22334) #H#£ D DNA FElyi%, Bt %], Raven®
(Ecogen, Inc., Langhorne, PA) HH I & £/ 5 7 7 A I K DNA % # Ml (2
5'-gcaaGTCGACatgaatccaaacaatcgaag-3' & 5'-cgtGCGGCCGCttacaattgtactgggataa-3 @ 7 7
A ~—=HWTHIE L7z, Cry HREL T EZHAIANTE pGEX-4t-3 N7 ¥ — X, KIGHE
Bk BL21 2B dni L 132, 1.2.2 L [RERDO HFIETRIGE 22 L, Cry B DOE AR

R U7, EMIE. B2 F 224 LRKROTIEEZ MW TT o7,

322 HAATHBERNEAAFTT vEA

Bk 720 PBS TAVIR L 72 Cry #3813, R N TR #E Silk Mate PM (Nihon Nosan
CO.CTO.) TV IAATS, %2 FE 222 TBmMABCC2 ® cDNA % EifF3 % 7=Hd PCR
FOGOHFHHR L UCHEMA Lzl A =2 Rin @ 3 figh RICHEHZ MY Z AN TR Z 5.2
2 H12 D

PEEIEIRE (LCy)Z 7 m By MEZHWTEH L,
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323 MREEROEH
2 FFEDOZ KARZ G — D ST FIIZ I I 572012, TNEFID AcNPV % 24 )7
L — MR L 7= oE— o = b2 L, 72 B, 25°CCTA v F 2X— k LTz,

LIt OEMEIL, 52 5 226 LRIBEDOHETITo -,

324 SPR Z/= BtR175 & Cry R DOFEA MR OEHNT
528 2212 LFRIEROFIETITo T H L7 CrylFa 2 O Cry8Ca ##1%, PBST
BN L. 0.22 pm D7 4 L Z—2 = (Millex-LH, Millipore) % @i S¥7- 6 D%

JEELAY -

325 T7 7mE—4F—~0 cDNA DEHE

770 Y ATV BMABCC2 J O BtR175 A BB S H 572012, T7 71
T— X — FifIZ4 cDNA %58 X H7=, BmABCC2 @ cDNA 1Z, 52 % 222 (2t L
7= pBACAX-1-EGFP X7 #—|Z BmABCC2 # 7 u—=7 L1177 A3 R&#ERIC
5'-CGCtctagaATGAATAGTGATGGGAGAGC-3' &
5'-CGCtctagaTCATTTTTCTGTATTTCTACCAAGATG3' D 7' F A ~—% IV T PCR i
X o THAE L 7= cDNA Wi % pGEMHE X7 % — (ZAEPRZEAZeRT AR EdR L 0 4y
BT 7ae—2—TFMICT 7V VAT ANDB-7a b Biaf /v Ra— REK
DOESIPFHAAENTEY 77U I AT T)VIRRIIE T < DX X 7 B8R
3 D) 12 Xbal Y N EFIH LCTHA L TIER L7=, BtR175-TBR @ cDNA (X, %2
T 2.2.2|ZF0# L7z pBAC4X-1-EGFP (Z BtR175-TBR @ cDNA {5l =W~ /7 o —=> 7
L =7 7 2 A2 I F % $ A [ 5-cgcTCTAGAatgggagtigacgttcgaat-3' &

5'-gccAAGCT Tttatttctggaattgatt-3' > 7 7 A ~— % VT PCR KJHIZ L » THIME L 7=
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cDNA [ i & pGEMHE X7 % —{Z Xbal & Hindlll %+ k& HWTHEA LT,

326 CRNA D&k

3.2.4 TIERL L 7= K& (57D cDNA EFI 24 A L 72 pGEMHE X7 ¥ —Z IV AL ETE
EHA S - KAGEE DHSa 28538 L, 77 A ReMH L, L7277 A3 K&
B, TT e — X —@HBCH L THERLET T A —
5'-GTAATACGACTCACTATAGGGC-3'& SP6 fEI D Fiitlcxt L CTER L7277 A ~—
5'-CAGCTATGACCATGATTACGCCAAGC-3'% fi\V T PCR [tz 4T > 7=, PCR FEMIL,
GEL/PCR Purification Mini Kit (Favorgen)Z FWTHRLL . MilliQ KIZIAfE L 7=, HEHd
L 7= PCR M % #5512 mMESSAGE mMACHINE® T7 Transcription Kit (Ambion) &~ &
kI —= LN ZENZEND cRNA Z G L, WO G2 W CTIREZHIE L. MillQ 7K

T CRNA JEEEN 1 pg/ul (2725 X 9 & L=,

3.2.7 BRAEBZEHMRT

40.4 nl @ cRNA % Xenopus laevis DIIEERIMIC A > 2= 27 F L, MBS(Ca?") T 72
KFff] 200CCTA o F 2_X— kLT, BRIZK > T I LD Pore (ZHKRT 2 IFREREAEN
DA A OWANDFERE Z 2 EIMEOZkix, ZAREENEEEROT 7
OC725C (Warnar Instrument) & 7 — & Huf5, fi##rH Y 7 b 7 =7 pClampl0 (Axon
Instrument) % AW TRidk L7c, EBIL, AV T T XAF v 7 Y —GCI150TF-10
(HARVARD APPARATUS) % Fu>, FEMRA/LZ— (Warnar) OF 343D 17 3M KCI C
S & O IEMBPIZ 3 M KCI Z7EA L7z, JIET OFFREMIIL S ¥ > S —(3,
Standard Ringer solution (100 mM NaCl, 2 mM KCI, 1 mM MgCl,, 10 mM Hepes, 1.8 mM

CaCl,, pH7.4) Ciii7= L 7=,
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328 vxREZVTuv T4V

CRNA %A ¥ =7 MME 72 K], 200CTA »F 2~— F LUl E N ER 5 D
% 1% n-dodecyl-p-D-maltoside (DDM) /MBS (+Ca®") |Z Protein inhibitor (Roche) % #%/ll L
TR ZA 200l BN L, By T ¢ 7N X 0 SRR 2, BB LT, 0 —7 —
A —% T, 4CT60 % L7-1%. 16,000 rpm, 4°C, 10 43 D Loy BRI EEZ AT
W, BEZFT LW LS ML Fa— 7B LT, SDS-PAGE %> 73y 7 7 —& RN L,
95°CT 5 IR L., Z o U HEaEMSH=d D% SDS-PAGE 0% 7L Lz,
SDS-PAGE LI& D#EIL, 252 F  2.2.9 L[AKO#IEELIT 72, APNI DY =X HZ 7
0T 702, 1 RPUARE LTHL APNL-7 (40 - 317 aallxf4 A IMiE) L, i
APN1-314(190 - 987a.a IfiF)% HV ., 2 KHLIARIZIZ,. horseradish peroxidase-conjugated

anti-mouse 19gG % Hv 7z,

329 APNL1 33 Sfo Mg D e

SfO flAEIC ACNPV-APNL % & Yst% 72 IR Ol 2 4% PFA/ PBS % W CEIE L7z,
UUBEDOEEIL, 5 2 7 2210 L[REEEDOFIETITV, 3.2.7 IZFE#H L 72 APN1-7 KT,
APN1-314 % 1 kPR L L THWZ, 2 IRFUKIZIX, Alexa Fluor® 555 Conjugate i1~ v

AP E T,

3.210 BREBKRKHET 7Y HY AN VSRR OGELE

CRNA %A ¥ =7 Mg 72 W], 20°CTA v % =2 ~X— | L7z IFRERERG 4 SRS R Ak )
RERAEMEE] 7 v 2—-T v 27 OCT. av XU R (327774 T v 7)) T
W72 Uo7 7 0 L A CERL L 72 B8 1.5cm @Iz ik, -80°C~7 U —H—h ¢l
ROMDITHAE SH T, B STk ey 7 X0 FA4FRAEZ Y N (BT T AT

v 7)) ZHWTEE 12 ym OEGIEI A Z/F L MAS-GP type A Micro slide glass
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(Matsunami) I[CRB SHE72, 2 T4 R T 2 BICE S A 13, 4% PFA/ PBS
EEE, 10 SRS SED 2 LI KV EEOERIEEZITV. PBS T2 [EYES7-, £D%

OEEIX, 28T 2210 LD FIETITo 7,

3210 HERMEEER

CRNA %A > =2 MME 72 FEff], 20°CTA > % 23— b L7ZIFREHINIZ, 100 pM
CrylAa ## % & i MBS (+Ca®)ICiZ L, 60 /3] 200C T —F — X — TR L2 b X
JhS® T, ZO%, MBS (+Ca™) T 3[EFEV Y, 1% DDM % & e MPB (+Ca”) 200 pl H1ic
BL, EXy T o 72XV A B L, v —TF — 2 —TIRE L7205 60 43 [H]
ACTA v Fa—F L7-,289339g T4C 105D MRIEEZITWV EiEZ B LW 1.5 ml
Fa—TIB L, 2xh TNy Ty =%z, Y A~—{bLi=HFHE 75 BT
50CT., FBFHOBIEL HIE T 255812 95°CT5 Iz L,
SDS-PAGE (10 %RV 77 U7 X KAL) (20 Bt L7-, 1 RPURIZHL CrylAa 5%
PUR 2 KUKy XY X2 AW TE 28 229 LFEROBIECY =2 X T

0y T 4T EIToT,

86



HIH RRLELE

3.3.1 BtR175-TBR & BmABCC2_S DILEBIMILIZ A BN 5 CrylA BRIZHT HHN
R

Atz 2D Cry BmREZ AN E L THERET 2 BtR175 & BmABCC2 23, BifEfErS
STV D IERBAERGRIZIS T D APNL, ALP & R UARZ X BOBEROD L 9
(LT 5 1EOER ETE < 51 Th 2 ATREMES 2 20 1 S HFARIC B < ATEEMEIC S
WCHRD Z L2 Lie, 2 O ACNPV eS¢ 25 2 & T, 1 SOflifalc 2
DR BtR175 X 1O BmMABCC2_S # %8l 7= STO il Z2EV | 3FEFHD CrylA #H&
(2 D RS M 2 BT L 7, 2 ORGSR, 3FEIED CrylA BHRITH L TENZH 10 pM LA
UL 7= BRI Ui s Blgt S e (Fig. 28A), 3 FiFE T o CrylA 3 I1%t
L C.BmMABCC2_S 72} (Fig. 11A) % L < IX BtR175 721 (Fig. 18A) ZFEBL X ¥ 7= L
Db 2B L m WEZ AR R LT, T70b b, MRS EELZBRGT o& D
RVREZ iR 5 &, CrylAa D413, BmABCC2 S I 2B EHALD b
Wi & B U oMo B T 10 5 E5- L, BR175 721 2 R8BS B 7254 L 0 b=
PE1E 15000 % E5F-L7e, 72, [AEkO i TiX, CrylAb o413, 1000 % & 15000 i,
CrylAc D¥A1E 100 f & 45000 5 CTdh-7=, ZHHDZ &% BtR175 & BmABCC2 I
Ml TR X A RO G OBRICH D Z L AR LTV, £ 2 TRICE
B2, ARG T L A TR SNBSS iR IER & MR D BR T
& DD EEE L 7=, Fernandez-Luna 573 Cry4Ba and CryllAa & CytlAa ORIZAHA B
HHEERZRTOICHWE T 4 v v v —OIEEWRKE (Fernandez-Luna et al. 2010)
ZfE /A LT, BmABCC2 & BtR175 DOIZ &L b7z s E M 23D ITHR SR B 72 B R
EDLDTHLINEMIDT-, TOME, SFHEOHRERZNZNITHB VT 100 pM & 1

nM D 2 FUSBWTHFIEMAAE Z 5 &0 5 IR SR WiER 23S B vz (Table
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5), ZOfEFIE, H. virescence IZBIF DB KU Uk LRy B & ABCC2 Diiti )7 D%
BB KR L 7o RBUMESRFEIE CrylAc 12k L TSR TH 2 IENBRE L W 72 < &
t, 3000 1% @ WGP 2 7% L(Gahan et al. 2010), ZOHIEL B3 RAY DB %E
KAB L7= YFO @ 40 fi5, % L C ABCC2 D # % KI8 L7- YEE O 4 {%& > (Gahan et al.
2010) Z & & AT BRSBTS TH S, —J. BtR175-TBR & BmABCC2_R % 3¢
Blx7z SfO Milaic oW T hMiaEMEz2 il L7z, £ORE. CrylAa (2O TiX
BtR175-TBR & BMABCC2_S & % #:38 8l I B 728 L 1ZIFFEE T 10 pM LA E D EE Z 3N
L7=BICROSN R 7= (Fig. 28B), CrylAb (2o CliE, 100 nM D35 23RN L 72K
(1% 23 %DM AIZE LT 5 2 & AR T X 7228, 10 nM IZFB W CUEIH L 7= ik
I3BlE2 T X 7§ (Fig. 28B). BtR175-TBR 721 Z R BL S H7-F% (Fig. 18A) & [FIFEE D
PECdh o 72, CrylAc (220N TiE 100 nM 3N L72BRIZ & 5UG L TV B Al 1 > & 81s2
Eh$ (Fig. 28B). ZHUZEI L TH BtR175-TBR 721 A 38 8L & E 728 (Fig. 18A) L[R2
EDRZMETHD Z ERMFAZTZ, 26 BtR175 & BmMABCC2 O A EAIIE OFE R
RZTER 20 FOWMNMME %23, BtR175 & BmABCC2 OREI/ZITIZEZ 21D TH
DINTDWTELET 572, BUERE SN TW D ERIGELZIBWT BtR175 & O & D7
N0 OEH OB TE &2 5 TW5 (Pacheco et al. 2009), =B TH 5 LWk
D D APNL Of e % T ACNPV % /EH L, BmMABCC2_S 731 & O iRt ER N ElLE =
NDNENEFAM L=, 37, /EH L72 AcNPV-APNL % &8s X, 1FE LWy 15T Sf9
FRIE i B O T35 B4 5708 9 7% APNL IEIC L it Ly = X
BTy T 4 I LD AT o7, 2 O APNL O 7 X/ BRECS D 73 5 & T
ZHUE & L7= APNL i, APN1-7 (40 - 317 a.a.lZxid A i) & Y. T APN1-314(190 -
987a.a IfLiF) % M\ 72 Zguta Tk, FBl~—HI—Th D EGFP 3FELL TV Hffifldod
FRELANFE LD K D ICY B S 4L, APNL AR ECHREBLL TWD Z L3 R T X 7

(Fig. 29A), £7-. A APNL G Z Wy = A& T v T ¢ 7 OFER B S APNL

88



7% 120kDa OHFREME Y ODEEAZFF 72T Sf9 MIICHELL TWH Z RS
(Fig. 29B), L7> L7228 &, APNL % BLIAUIZ CrylAa, CrylAb, CrylAc % 2241, 3 UM,
600 NM, 1.6 UM ¥RIN L7274 60 53 DS 24T o 72 & 2 A 3FMHA TORRITHB N T
U7/ 1 > b BIE SN 7e)~ 7= (data not shown), F 7=, APN1 & BmABCC2_S
OIIEBIMAND O 3 FEFHO CrylA FHRITxd 28seE L~bid, BmABCC2_S HUMIE B
HifE L [FIFEECH Y . BtR175 & BmMABCC2 DI BN WL & AU 72 B2 M oo 1 sl iy 1
KIFBE SN2~ 7= (Fig. 28C), Luo i M. sexta @ APN1 % R IR B S,
APNL AVIE LWy 18T, AKd 2 X EMRIEMZ FF o701 & LT sMinRmm -
WZRBL TS Z EZMENDOTICH D BT, CrylC Ik T 2 A2 RE o722
EEREL, TORKE LT, EEOBRE LFESe EOBMiN R D70 Tiknne
FiR LT 5 (Luo et al. 1999), BESH 72 & OIER A5 8 T APNL 23A K DT T Sf9 I i
HHEL TS ZEEpRd 2 &I REER2 DT, APNL IZ BmABCC2 & W difEH 3 2 HERED
IRNT & EERICGHEHT S 2 L IRBES IR ARETH 5, LA L, BUEETICY v 7
— Uy B IR EDOFET APNL EHWEDFRRTH 5 2 L 23\l BT flld %
e, ZOZ b EZ APN B3 KU UERY o7 R ABCC2 L1 ARIICEI< 4y

FTIEARNT L ERIEBTADO0E LIV,

3.3.2 BmMABCC2 & BtR175 DH#EM @ Cry R OIEMRIICIIT 5B

BtR175 & BmMABCC2 Ok L L COMREN R D5 Cry BRIZOWVWTHEYTITED
Z e ThHDLINEPZERGF LTc, B.mori 1Zxf L CIEMEA R CrylFa &, BB IZXT 5
IEMEIX S 528 B, mori (12xF L CIEMHEA Rz 72 & s & Tuv b Cry8Ca, Cry3Bb %
VT, BtR175-TBR BB HMING, BmABCC2 S BUMZEHAIN, &H AW MT 2 b ok
BUARRZ 55 2T 2 F8372, BtR175-TBR JBIMILIZ DWW Cix, b 3FHD HHR

Z 300 nM AL THIAE L TV il Blg S -> 7 (Fig. 30B), H. virescence
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DI R~V U KEF 237 "B % Drosophila @ S2 #iIZ3E & & CrylA #3# & CrylFa 7
FORZMEZ T2 Jurat-Fuentes & & 5 R~ U ER S o X7 B3 HIBA AN, CrylFa #5512
KD MEITER TE RN o7 2 & 2 LT T (Jurat-Fuentes et al. 2006), AHF5E
L IAEk, CrylFa BmRICXTT D0 KU VERZ T BOZRE E L TOZEEN RN
L xR L TS, CrylFa & Cry8Ca IZ DWW CKIGEFE B BtR175 & O &8 fiftk: %
Biacore & HWTHMT L7= & 2 A, CrylA sk & Il U T TIRVEADME L 2aFF7= 72
WZ ERHBNE Y (Fig. 31). 24128 BtR175-TBR B BRI RS2 s 7L B 7
Do lLBGO—RTHD LBz b,

RIZ. BMABCC2_S F Bzt L THHHE %L 10nM TIEH S E72 & 2 A, CrylAa,
CrylAb, CrylAc. CrylFa &I OV TIEZI 2N 72%, 14.9%. 54.9%. 40.1%0 5N
DM L7=DI2%F L, Cry8Ca TIL W A /L ARIEIL DAL T I 556 RIXK D 1.7% & [7] L
IV D %A ONZE L 7= Ml L 28122 <417, Cry3Bb 1T oW CIEA L 7o Ml @52
727 - 7=(Fig. 30C), Cry8Ca, Cry3Bb |[Z oW TCHEEELY FIFCTRBRL-L A,
Cry8Ca (Z-oV T 100 nM T 25% DflilalZ lAM 3 /. 5 7= (Fig.30F), L7>L. Cry3Bb
22V TiE, 500 nM T IAH L TV 2 a3 8152 S 4172 5> 7= (data not shown),
3FED CrylA mRITH L Tl b m WS4 7R L 72 BtR175-TBR & BmABCC2_S % 3638
B L 72 M2 >V T 10 nM T CrylFa, Cry8Ca. Cry3Bb (25 D&z M2 3l L7z & =
7. B.mori $hHiZ%F L CIEME 3 - 72 CrylFa (2o Tl 60%LL & CHEM L 7= #l
JaNBIER S, EVESEZ MR R S (Fig. 30D) . —J5. B. mori [Z1E & A EiEMED 72
VN Cry8Ca okt L CIMAMARAL D L33 17% T 0 ARV VESZ PR3 FE 8 H 4L (Fig. 30D and
G). T 7z Cry3Bb #m# Ik L CIIIZEMIE O LLFEN 0% TH 0 BT bz o
7z (Fig. 30D), BmABCC2 HLUMIE LD & [F4k, Cry3Bb & Cry8Ca D\ T, AR
Z B CEBR L7 & 2 A, Cry3Bb 13 500 nM S0 L 72 BRI & IR U 7= Wi 2 2% & 7= 70

2o 7= (Fig. 301), —J7. Cry8CalZ. 100 nM D2 E THZE Z WM L7ZERIC, 40%DEIE
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OMIAANEE L TV DT 3 BlEE S iz (Fig. 30H),

BB HE ST BEMRORZME L DA 2 TR O ORRRMELZ NS
HEYT, EECAA aThmOEREZMERBREITo7c, N Py izl oTEM L L
CrylAa, CrylAb, CrylAc, CrylFa, Cry8Ca, Cry3Bb 7% % N TEIEIHHIZHY Z A, 7
A AP L7t 2 BEOECTHEEREZFHIIL, Ll HH L7z, ZORER,
BMABCC2_S & BtR175 3 BIAIAIC K L TR\ EMEZ R L7z (Fig. 30D) 1A =t HICi%
Mo b 5 & HiE S T& 7= CrylAa, CrylAb, CrylAc, CrylFa @ LCs fiiix. 41,
0.45, 0.26, 1.5, 1.1 g/ gdiet T >7=(Table6), £7-. BRCE~7 L HiC, T bDFH
FIEWF G Cry8Ca 1TFeATHIZEIC & W — AR B BRI\ TII I A 2 TR 5
IEENR RSN ERHE I TS (Ohba et al. 1992; Donovan et al. 1992), L2>L,
A FZER T Cry8Ca2 pg/g diet THeH- L T2 HIMBIZE LTc & 2 A SEATZEIRIZHEL L 22>
STt 00, BHEERLENEIL X /- (data not shown), < Z T, LV @EEEOESR
(CE DR TGN BIE SN D Z &AM L, KED Cry8Ca #E ORIENAZ HIE L
T, RICZEOFFRAMEEZ AW THERREZ B2 >7-, 73 ug/ g diet @ Cry8Ca #H %

ATBRIAZ G U, [FERDANA T v A 24T o728 24 2 H#I213 30 i 5 PLofE
R3BEL L7z (Tabale 6), 372t ZHE T Cry8Ca WA aH &I LDETHT 3
v B BEHRICK L TIEEZE R0 & STV RFRIZRENTH D Z E BB 57
Ste, £, ZORKREIL Cry8Ca A3 BMABCC2_S & BtR175 M HLHIIRIZ 6 L TRV 72
RO b IEAEIE 2 R L2 & EFEN o7z, —J7. BmABCC2_S & BtR175 O

RN OIS A R & 72 o 72 Cry3Bh #RICH LT, A 2 THHIT 4 pglg diet
THRZ M%7~ X3, Cry8Ca [AlkE, 50 ug/g diet &\ 9 EEE ORIEEA Cry3Bb & v /-
BB W THAETHER E Z AERIIET O8I IR )~ 72 (Table6), L7273 >
T, Cry3Bb (2N E TOWEEY I A 2 FITK U THEMHZ RN DN O B

7=, F7-. BMABCC2_S & BtR175-TBR M 3LFBIMILA St % %3 CrylAa, CrylAb,
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CrylAc. CrylFa, Cry8Ca, D% i D bIKWVREIXZ 241 10 pM, 10 pM, 10 pM,
100 pM, 10 nM TH Y, ZH b D Cry R DB A 2 T HRITxt3 2 7 Gk &
BMABCC2_S & BtR175-TBR D 3L FEBLHIFEIZ k3 2 1EPEITIT BT BFRW 7223 6 & 1H B
BAFAASER8 B 717 (Fig. 30D and Table 6), = D Z & 1%, 71 A = AEARDRESZPEICE LTl
BtR175 £ BmMABCC2 @ 2 /3 f-INEERIER T THHZ & AmE L THNDHD TR
MEZEZDL 2T, T2, F 2B TIT o 72 Cryd 7EITHOW L, BIGHEFAS TH - 7208,
BMABCC2 %, Cryl mEO#IFAZHE X TILL Cry BEOZRKRE LTEHE, mERR
D Cry 7 RS2 A AT IC W TEERER 2 5 Z L B3H#ELL X iz (Fig. 32),
LML G, IA ashmiE{b®E % A 72 ex vivo toxicity assay Cix 1 nM LI LD
CrylAb FFHRIZK L TRIGZRT Z ERHE I TEH Y (Ibiza-Palacios et al. 2008).,
BtR175 & BmABCC2_S ® s BUAMAE CHILE S LTl L~ L, 470 < & % CrylAb
FR DWW TIIZ D ex vivo TOELERIIO S L ~L 0 ) 100 5 H @V, 3772
bh, AEREEME T LB MEIT AN F 2 n U A LV ARBRICER T S BtR175 &
BMABCC2_S DEWEBLIC L > TH 72 b SRR TH U | EERO LB Mg sz M
HZEDEFIELLRLTND LITEWEEW, L7223 > T, 4Bl Sf9 Hifuz v 7z B s
Bl R Tk 7= BtR175 & BmMABCC2 @ Cry #5& DYEAIZIS T 2 HEMEO R DA% F iz

ONTIE, AR ETEITHFZ2ERDILEENEINL TN

3.3.3 BmMABCC2 & BtR175 @ 2 5318 TH b= HsAfER @ Cry R AL RBRIZE-
Ry -Z

ZZFTOREN S, BmABCC2 & BtR175 ORICITAER L LT Cry RO &
DLWIFNEM B R BND Z ERFhoTz, LInLARN L, ZOWHTER O LW FHE
MDBFEAET D L ROV TIRMGIH TH D, & T AT, BmABCC2 & BtR175 % HifT

B S - BRI ST9 2 H W2 XA AT v A (Fig. 28A) Tid., mEHRMMND
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60 731k &\ o LU R W] &2 23T THRERIC L » TEE 2T ISzl -+ 5 &
WORERDZEZRL TS, LENR-T, ZOENE 1 & 5 1 H Tk~ “Pore
formation model” (Bravo et al. 2004) & “Signal transduction model” (Zhang et al. 2005;
Zhang, et al. 2006) DWTIDFEREL Z 572 BIR TH 50T TE e, T722bb, Z
DRI HIXW SIS T E BITEZ Y 9 5, £, 2 DOFEABEERE A RIRIZEH < 2
ERNHIIER 2 AT TREME b H 5, £ Z T, BmABCC2 & BtR175 O FAEA 2 Cry 75
FDHAANE LICHI S 0 ALETERR T DI O E L ED D Z LIZHBKL T D0, T2
% “Pore formation model” O#HiPH TE X CWDDONENEHMDT-DIIZ, 77V BV AT
T/ VIRREAEAE A AV C BMABCC2, BtR175, &2 WML Z O O # BB S HTERA
MR FETHET T2 2 LI LTc, 2OFEBRFIECLY Cry BRIZL > TRREND AL
ORI T 21 # A L 0 EEMIC, Loy b RIS W TEEOFRMNE Z 0 IZ< W
B oD 9 BIZFHET 5 2 L # Hfs LT,

£, ER L7z cRNA N IE L <BERET 202 & DD 57212, BmABCC2 & BtR175
T E R 2 OIRREIIC A =7 LA ST DT X MTRA IR &
TN L, vmRE T a T 4 VT R T, £, B VOEEREICHEKT S
HHBEOIXOLDXTDORETIZLLBAMNT, 7V OEREUT, 2725 = )V ERH kO
YRRERERG 2 AT 2 BT 5 72, £ OfER, BmMABCC2 K U BtR175-TBR ™ cRNA % A
Y7 b ULTEIRRIRRIC I W T, EivE 4L, 150 kDa & 70 kDa O EEFREE D D/ RS
B &= (Fig. 33),

% 2T 2 AR USSR EE A VT, B AN 100 B & vy 9 BEOERERC Cry 735
FIZ Ko TR SN D ILOBITHRT 2 ERME., T 7D BA A AR T 2 Eiit
EOREFRZALOFRERA TR D Z L2 Lz, £79. BmABCC2 % Bl THEHL S H 7= U R
Jatzxt LT, BRENLZ-70 mV IZfk > 72HRAE T PBS 2RI L7 & 2 ARtk A Ht-> 72 100

M OBNCER (D WIXERMOZEAL) 1358D b7z (Fig. 34A), — . [AlEkE
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DA TN & [E € L. CrylAa £721%. CrylAb ¥ L 7= BmABCC2 F& B1UR AL
IZBWTIE, Cry RN L7=dLZ8 L CTHiA A BIAT 2728, BRI B
PHEINL GERRNICTEN D BIRIE~ A T ARRERD) . LbIRIN L EREREICK
L CTHOEMPHE X 12 2 & 2 BT 5 EIEE(L O & oI 2@l S 47z (Fig. 34C
and D), 2D X 9 REMROIEAIL, FEFEMILE VW25 T BmABCC2 3% Ak L LT
HEHE L 72\ 2 & 3RIR S 72 Cry9Aa DAL, 10 .6 UM O ERE THIN L7ZB T B
Bl s 2o 7=(Fig. 34B), L7-4-> T, CrylAa b L <% CrylAb O CTHRA L1z
L, 25O CrylA 753 & BmABCC2 2N HAANER L. Cry 73 28I RERIIR A 2] &
ILZETIBRENTANDIGA T PIRAT HZ EIZHR LTS EER b,
AT BtR175 % Bl S B 7 U EEMIEIC CrylAa #5352 SNt O EBRE O fLék 2 Bt 72,
CrylAa, CrylAb =124 400 nM ZifsINtc 100 B D EFME DA 2B Li=23,
BMABCC2 #$HLUIR R DOFRIZBIZE S - B OFREIT A Db L/e > 7= (Fig. 35B and
C). & HIT. CrylAa iNiNt:, BIMEOREKE & DM 4 500 FMIZHER: L7223, W7
EIRME O LR S h - 7= (Fig. 35D), Nagamatsu 5 237> 7= BtR175 J& 5L SO
faz vz CrylA BRI K > TSI D0 DA F 2 DFRAITSE D BItEOZA L
Ty F 7T o TETHNT LT EZBRCIE, F&IREE 330 nM @ CrylAa m RN OHIE
IZB W TCEMMEOZLD Fidk S - 2 & 25 LTV % (Nagamatsu et al. 1999), A5
Tl 2 A0 UBEEEEZ AT E 2 e by F 7 50 FEL D BIIEORE T
WZERTHISNDIZHEAD LT, MERERIEDOZE( L8 bivzir- 7z, ABCC2
FEBLIN R Z b~ BtR175 S8 BIFREMAIZ 13 £ 0 ITD 7 WERR LI AE Lo 7z
L 23 BtR175 235 EITHERE T 2 DIZ T R BN FEBL L TWRWZ LITERT 5 DTl
RN L DD D HRYT BtR175 2 388l S W72 IR O B & s e @ L. BtR175
DSHREIEE EICFHBLL TW O AT, EOREE, BIRL75 (TN HIfaEIZ L L

TWD Z ENHERTE 2 (Fig. 36), T 7205, BtR175 OIE BN — XAV HERE D R
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TEDFLEDFNRETHD Z LR INT-, —J. BtR175 & BmABCC2 DFIREAH
JaffafE EoRBELZIEL G LC D Z LI TE 20V, IFRHEIZIEA L72 cRNA O =
I3 BtR175 & BmMABCC2 O CIZIERE\ETH Y, V=R F T rayT 4 7 THREHIH
LN FORSITH REREWVT o7, Thbb, MEOFBENE L KRE E
STNDEBRDREMIIR OO, Flo, ZITRLNBIGIE, 52 & 2.
3.3 THA72 BmMABCC2 £ ¥ % BtR175 @57 SfO Ml Z Al S 21N RKEWVEWV D
FERETIEN IR oT, ThHDZ & XY, BmABCC2 I% BtR175 X 0 ¢ Cry #2723 fL
BT DD RS E L TOMENILZDICEWNE D EE X bk,

WAz, IRREAE 2 T2 Cry BB MED A Ao F v 3L (A A v @b 4) OFK
ZEEMISFHMETE 2 & E X BN D ZDOERRIZE DTS BmMABCC2 & BtR175 DI#]IC
FHSRAEFAY L 540 5 232 DWW TR L 72, BMABCC2 & BtR175 % HE58 5 X 7= JRFEH
falZ CrylAa #2235 &, BmABCC2 % HUl TR EL S w72 BRICITE I D& L)
BRI N o 72 44 nM IZE VT, BMABCC2 % HUM CH B S 7= IR REIAEIZ 160 nM
O CrylAa BREZWMUIZEEL D b K& & ORIFHEIRMEOZ(LR3 A B (Fig.
37Aand C), 2 FAIREEIELHZ LIC LY, LVERMTEZOAETRT D &
Do, Fl2. CrylAb IZOWTHRIERDEBR 21T\, BMABCC2 % Hll CHEHL S
BB B O L2 RO By - 72 35 nM @ CrylAb #3523, BmABCC2 % B
M THRELZE7ZFED CrylAb 140 nM (2P 2 BREFIERME AL &2 Ede Z L MR T
(Fig. 37B and D), CrylAb ZkfL T 23 FILHEBUZ LD Cry BRI L > TR SNLD
LOWHNED LA ZHR LT, 72, 2 O TENETNORBELHR LT A,
BmMABCC2, BtR175 JLZHM TRIL I B/ 46 L MBI L7256 T, BB EICKRE 2%
XA LN ERHER I NT-(Fig. 38), M HDZ &b, FEMcEEsh:
BtR175 & BMABCC2 ® 2 43 - MIZ 4 531 5 Cry #2142 5 & 5 Wh#f{EH (Fig 28 and

30) ICRALTIE, Ala< &b 2oL, MBI L2 T 2R TRET L LB X
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LTz, L LG, BEMICA LN WHRIERAIX, CrylAa, CrylAb ZilZ4LiZ
DUVT BmMABCC2 HUM CHEL I 72354 & Hifik LT, 10 £5,1000 {5 Toh - 7= DIZK L,
PIREMIG 2 W BB Tl £ ENOFTRITK LT, 45 LYV OB R OHIND
HThoTe, Lo T, BEME CHIBRAIAET 2 &) 5 BIGCh7e 2 0 O ik
FE. IPRHHER CATZ LB OImER 721 ClidZe< . BB 2 EOHFH TR/ 7 v b7
YA a URNEINTER Z DMK & BRa RBIRNE Z oo e LTRTWS
AREMEDEZ BND, Lo T, 4%IE, BEMTALNIZBL LIFRM T LT
BBROX v v T a5 MFAORAE &\ D BIR A 5| E i Z TR 1-0% DB
ERWBRICH D Z 57 v 7T AHIFE DRI 72 EICHOWT T T 20BN H 5
EEZD,

BtR175 & BMABCC2 MO #:FEHITH S 7= Cry 3 L LR EF-A3. Ping
pong binding model (Pacheco et al. 2009) TEE XL TV 5 Cry FiE DA U I~ —{KDOHK
RO RKEBERT H0ERMNTHI LI L, vmAZ T ayT 4 VT ERNTE
NENDG T 2B SR LISk &, £idfls o Cry mRamiti Lz, £
DGR, SRR, BEARE XTI, K EOZFEERITHES LTV 2 M)
S o TREBIZH D I OWTH KB TITRICHE S L7eBmR OB S &4 60 21215
726 . BMABCC2 HUM CHEHL S B 72 IFREMIIA~ D E 3R ORG & &1L 2 /0 T2 I B S
TeORREHI O E~DFH R I D HFE L DiooTz (Fig. 39), £/, T bHifafM o
HRMEGEOBRIL, Cry BRICE - TENOMIBICER SN D ILICHKT D EEZD
NHEWME, B LOHERBEEERTFNICE SN BEREOKRRIZELOM X (T2 b AL
DTEG Z)DEVORR & BENZHAIBRICH D L ) ICAhZIT b, —F . BtR175
FEBUIN A IBVCH BmMABCC2 @ 4 73 d 1 FREDBS OV 7 V% £ Cry
FEE ISR L2 S S 7= (Fig. 39), BtR175 FEIRIFREAING S B 1E, EifILRFR 5

2 OGS ETR T S M Loyt S 4 (Fig. 35D), £O&EII VAL T my
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T4 7Oy R (Fig. 39B)D [4 7530 1) OMIFFSND XV ALNIT/NE RO
Thole, ZDT &%, BtR175 ZHBLINREMIL E Ot S 7z Cry Fs8iE, MAafEIZ Al
S 57D TiE7e < BtR175 43 1 LIC AR ARG S RIBICH 5 2 & 2+ 5, —J7, Cry
BRLEEPRETELOIRMICB T V= AZ Ty T 4 7 DOFEETIL, BtR175
& BmABCC2 £ Z iz B CHREL S 72 IFREMI > HIXRIRRE O 3 &k & 4 FiR)
M Sz (Fig. 39C), T7edb b, BIR175 FHLINRHL ~DfRAE S & (Fig. 39B) 23072
WZ ENDBEZ D EL BRIT5 O3 BWABCC2 LV 4 U S~ —TERFHEREN @
EEREBRLTWD EBbhiz, L2L, ABCC2 (FHMTHLA Y I~—(bZFHETE D
ZLBHENTHD, — T i EmERICBIT 5 3 'R L 4 BAEDLRIZIB VL TIT BR175
& BMABCC2 M TE A DEWAGED biviz, §7eb b, BtR175 FHMIL 61X XY 3
=R % <. BMABCC2 BN H 1% 4 IR HT N i shi, Ll Z0iEn
DEWICE L IR TH 5, —J. BtR175 & BmMABCC2 % 3Bl S 7= JiEEIL T
TA Y I~—IIHA LN LD REICHFEINTN, E LIzEROKRA E(Fig. 39B) 12
*THA Y T~v—KOEEIX BMABCC2 721 2Bl E7-filE L 1ZIERETH - 7=
(Fig. 39C), L2>L. BtR175 & BmABCC2 [H] THOH LN Z DAY A~ —DHHEDE
WOERIZARITH 5, BEIZak ~7= Ping pong binding model (Pacheco et al. 2009) it Tl
BtR175 X CrylA m# DAY I~v—{LZFHE L, JLOFIBEKRE TR T 2 &%FIZF> &t
& Cx 7z, F£7=, BtR175 & BmABCC2 % 38819 2 Ml Tk BmABCC2 Hil R Bl
ML A I~v—2EB0REATEEREN 4, SHERESL» -T2, ZOHRBEEDE
WEZ DM OFLICH R T 5 & B 2 b O EIME, B X OERREKFIZEON
5 EIME ORI O X (TR BADTE S )L kL —H L, ZhbDZ LT,
BtR175 7% CrylA R DA U A~— (b ZFHE L, LOFBRMAZTER T 2% 2 L Tl

FERNC R 59 2 ATREVE A /RIRZ L TV D7 b L7y,
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3 —e— CrylAa

0 1 10 102 108 104 10° 0 1 10 102 10 10 10° 0 1 10 102 10% 10* 10°

Toxin concentration (pM) Toxin concentration (pM) Toxin concentration (pM)

Fig. 28. BmABCC2 and BtR175-TBR double-expressing cells show increased
susceptibility to CrylA toxins in a synergistic manner. Reaction profile of
BmMABCC2_S and BtR175-TBR double-expressing cells (A), BmABCC2_R and
BtR175-TBR double-expressing cells (B), and BmABCC2_S and BmAPN1 double-
expressing cells (C) treated with CrylA toxins. Cells were observed 60 min after
administration and the percentage of swollen cells of total EGFP expressing cells
was calculated. The experiments were performed in triplicate and error bars
represent standard error of the mean, although some of them are too small to
observe on the scale used.
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Table5. Single concentration statistic test with Fisher’s exact test for evaluating
synergism among BmABCC2 and BtR175

Number of cells? Swelling cell (%)
Receptor toxin toxin conc.(pM) total cell S.DP swelling cell S.D. Expected® observed
BmABCC2_S CrylAa 100 191.7 24.2 19.1 115 NAd 10
1000 189.6 19.7 124.4 27.2 NA 65.6
BtR175-TBR CrylAa 100 106.1 48.7 0 0 NA 0
1000 140.9 41.7 0 0 NA 0
BMABCC2_S+
CrylAa 100 106.2 28.0 70.1 10.3 10 66
BtR175-TBR
1000 104.4 48.7 78.8 8.3 65.6 75.7
BmABCC2_S CrylAb 100 180.3 13.4 0 0 NA 0
1000 172.9 26.7 0.71 15 NA 0.4
BtR175-TBR CrylAb 100 128.5 41.1 0 0 NA 0
1000 115.3 51.2 0 0 NA 0
BmMABCC2_S+
CrylAb 100 116.3 455 37.1 10.8 0 31.9
BtR175-TBR
1000 88.8 48.5 46.7 30.1 0.4 52.5
BmABCC2_S CrylAc 100 184.7 29.1 0 0 NA 0
1000 191.5 25.0 15.8 3.7 NA 8.2
BtR175-TBR CrylAc 100 109.1 32.8 0 0 NA 0
1000 136.3 14.0 0 0 NA 0
BmMABCC2_S+
CrylAc 100 108.2 32.2 27.2 7.0 0 25.2
BtR175-TBR
1000 102.2 18.9 61.0 9.1 8.2 59.8

aNumber of cells were the average of five sets of observation, and each treatment was replicated three
times. All observed % of cell swelling are significantly greater than expected % of swelling cells (Fisher’s
exact test, P<0.001 for each comparison).

bS.E. represent standard error.

¢Expected value was calculated according to the procedure described by Fernandez-Luna et al.(2010)(34)
dNot applicable; Expected % of swelling cell was not calculated for single receptor expressing cells.
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EGFP expressing cell BmMAPNL1 expressing cell

EGFP image Alexa 555 EGFP image Alexa 555

Anti-APN1-314

Anti-APN1-7

B $LAPN1 - #LAPN1-
314 7

120kDa =l —. --

Fig.29. APNL1 is expressed correctly on the Sf9 cell surface. (A) Detection of APN1 on
the Sf9 surface by immunostaining. Sf9 cells infected with AcCNPV-EGFP or AcNPV-APN1
were incubated 72 h. The cells were fixed and stained with anti-APN1-317 or anti-APN-7.
Followed by Alexa-594 conjugated anti-mouse IgG and observed under a fluorescent
microscope. Scale bars represent 20 um. (B) EGFP or APN1 expressing cell lysates were
separated by SDS-PAGE and analyzed by Western blotting using anti-APN1-317 or anti-
APN1-7 serum. Arrows indicate theoretical molecular mass of APNL1.
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Fig. 30. Synergistic effect between BmABCC2 and Btrl175to a
phylogenetically wide range of Cry toxins.

(A-D) The percentage of swollen cells was determined as described in Figure 28
60 min after administration of Cry toxins to control (infected with EGFP) Sf9 cells
(A), cells expressing BtR175-TBR (B), cells expressing BmABCC2_S (C), or cells
co-expressing BtR175 and BmABCC2_S (D). Toxin concentrations were 300 nM in
(A) and (B) and 10 nM in (C) and (D). Data shown are the means calculated from
three independent experiments. Bars represent the corresponding standard error.
(E-1) Susceptibility of EGFP expressing (E), BmMABCC2_S expressing (F), and
BtR175-TBR and BmABCC2_S co-expressing cells (G-l) to Cry8Ca or Cry3Bb
toxins. Cells (G-I) were treated with 10 nM Cry8Ca (G), 100 nM Cry8Ca (E, F, H), or
500 nM Cry3Bb (l) toxins and observed by microscopy after 60 min. Lowly-refractile
swollen cells are indicated by arrow heads. Scale bars represent 20 pm.
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Fig. 31. Biacore sensorgrams for the binding of CrylFa and Cry8Ca
toxins to the recombinant BtR175-TBR. CrylFa and Cry8Ca were
applied at various concentrations to the same BtR175-TBR-immobilized
chip as used in the experiment in Fig 18B-D and the kinetics of the

association and dissociation reactions were determined using a Biacore.
RU, SPR response unit.
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Table 6. Apparent correlation between the susceptibilities of Bombyx mori third instar larvae and BtR175-TBR
and BmABCC2_S double-expressing Sf9 cells to Cry toxins

Toxicity against Bombyx mori 3rd instar larvae The lowest active concentration against BtR175-
. — TBR and BmABCC2_S double expressing Sf9 cells

Cry toxin ~ LCso (pg/g diet) 95% FL Slope + SE

CrylAa 0.45 0.37 - 0.54 3.8 £ 0.34 10 pM
CrylAb 0.26 0.20 - 0.33 2.6 £ 045 10 pM
CrylAc 15 0.78 - 2.3 11+14 10 pM
CrylFa 11 0.89-1.3 3.8 £ 0.34 100 pM
Cry8Ca >73° - - 10 nM
Cry3Bb >50° - - >500 nM

a30 of 3rd instar larvae were fed on artificial food contaminated with each trypsin activated
Cry toxin and the number of surviving larvae were recorded after 2 days.

b Larvae were administrated with protoxin of Cry8Ca and five dead larvae were observed at
the concentration of 73 ug /g diet within 2 days after administration.

¢ Larvae were administrated with protoxin of Cry3Bb.

103



[

]
=

i"l
(__!}
<
197
Ig

Cryl (L)

Cry7 (L)
Cry9 (L)
Cry8 (C)
Cry3 (C)
Cry4 (D)

Cryl
Cry19 (D)

Cry16 (D)

Cry5 (N)

Cytl (D)
Cyt2 (D)

0 (D)
Cry20 (D)
Cryl7 (D)

Cry12 (N)

\a — %CryZl (N)
Cry2(L,D) \ Cryl1l3 (N)

Cry14 (C)

Cryl18(C)

Fig. 32. Phylogenic tree of Cry and Cyt toxins. Phylogenic tree written by Crickmore et
al. (1998) was modified. Bold type represent Cry toxin used in this study. Red-letters
represent Cry toxins which were indicated in this study to use BmABCC2 as a receptor.
Letter in parenthesis indicate insecticidal spectrum of each toxin as follows. L, lepidpteran;
C, coleopteran; D, dipteran; N, nematoda.
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Fig. 33. Western blotting analysis of BtR175 or BmMABCC2_S expressing oocytes.
Oocytes injected with Water (i), cRNA of BtR175 (ii and iii), or cRNA of BmABCC2_S (iv
and v), were homogenized and solubilized with DDM. The solubilized lysates were
separated by SDS-PAGE and analyzed by Western blotting using anti-BmABCC2_S or -
BtR175 serum. Closed arrow indicates theoretical molecular mass of BtR175, and open
arrow indicates theoretical molecular mass of BmABCC2_S.
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Fig. 34. Measurement of electric current induced by Cry toxin on the BmABCC2_S
expressing oocyte cell membrane. Current traces were obtained by voltage clump with
oocytes injected with cRNA of BmABCC2_S. The currents were recorded immediately after
applying PBS (A), Cry9Aa (B), CrylAa (C), or CrylAb (D) to the bathing solution. Bars
represent the standard error of the mean regarding each toxin concentration tested.

106
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Fig. 35. Measurement of electric current induced by Cry toxin on the BtR175-TBR
expressing oocyte cell membrane. Current traces were obtained by voltage clump with
oocytes injected with cRNA of BtR175-TBR. The currents were recorded immediately after
applying PBS (A), CrylAa (B and D), or Cry1Ab (C) to the bathing solution. Bars represent
the standard error of the mean regarding each toxin concentration tested.
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bright field image Alexa 488

BtR175-TBR (anti-mouse)

Water (anti-BtR175) [+

BtR175-TBR (anti-BtR175)

Fig. 36. Detection of BtR175-TBR on the oocyte surface by immunostaining. The
oocytes injected with cRNA of BtR175 or water were incubated for 72 h. The oocytes were
fixed and stained with anti-BtR175 serum. Following Alexa-488 conjugated anti-mouse
IgG treatment, the oocytes were observed under a fluorescent microscope. Scale bars
represent 50 um.

108



A BmABCC2 BtR175 CrylAa B BmABCC2 BtR175 CrylAb
time (s)
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Fig. 37. Measurement of electric current induced by Cry toxins on the BmABCC2_S
and BtR175-TBR co-expressing oocyte cell membrane. Current traces were obtained
by voltage clump with oocytes injected with cRNA of BmMABCC2_S and BtR175-TBR. The
currents were recorded immediately after applying CrylAa (A); or CrylAb (B) to the
bathing solution. (C) Merged data of electric current from BmABCC2_S- or BmABCC2_S
and BtR175-TBR co-expressing oocytes after applying CrylAa. (D) Merged data of electric
current from BmABCC2_S- or BmMABCC2_S and BtR175-TBR co-expressing oocytes after
applying CrylAb. Bars represent the standard error of the mean regarding each toxin
concentration tested.



CBB BtR175 BmABCC2

Fig. 38. Analysis of expression level of BtR175-TBR and BmABCC2_S. Oocyte
injected with water (i), BtR175-TBR and BmABCC2_S (ii), BmABCC2_S (iii), BtR175-TBR
(iV) were homogenized and solubilized with DDM. The solubilized lysate were separated
by SDS-PAGE and analyzed by Western blotting using anti-BtR175 or BmABCC2 serum.
Closed arrow indicates theoretical molecular mass of BtR175-TBR, and open arrow
indicates theoretical molecular mass of BmABCC2_S.
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g
————
CcBB Anti-Cry (98°C) Anti-Cry (50°C)

Fig. 39. Toxin-binding assay of oocyte surface using CrylAa as a ligand. Oocytes
injected with water (i), BtR175-TBR (i), BmABCC2_S (iii), and BtR175-TBR and
BmABCC2_S (iV) were incubated with 100 nM CrylAa toxin. The oocytes were
homogenized and separated by SDS-PAGE (A) and analyzed by Western blotting using
anti-CrylAa serum (B and C). Closed arrow head indicates monomer of CrylAa, open
arrow head indicates dimer of CrylAa, closed arrow indicates trimer of CrylAa, and open
arrow indicates tetramer of CrylAa. Dimer, trimer, and tetramer of Cry toxin were heat-

resisting property at 50 °C (C) but 98°C(B).

111



% 4E BmMABCC2 & Cry R DS EIER OFE E/ER IR DO ARHT

B1H BEY
SRS Cry R EOHAERO®H Y L5 0wHFR Loz OM AR % 5 2 fEik
A GNNTT D Z &I, Cry 758 OVE B B i OISR OB 2 AR IA L. #KHT
PERZEOMHRAZE XD ETHETH D, FERIT, LATL Y Cry mHEZAER L L THRE
THZENRREINTNDH RV RS VR EIZOW T, B. mori (Nagamatsu et
al., 1999), Helicoverpa armigera (Wang et al., 2005), Manduca sexta (Gang et al., 2004) 72 &
DREBIZEBN T, BWBFMET Cry BENFEES T2 2 &0, £0 Cry 3% L OFEEHE
WA SN TWD, F7o I AU UARE LRI B OFE 2 O Cry #8 & OREATEIIT.
WTIS T RAY UESEE RO R~ U B— bk 91155 Th v HFEED & 2 ik
MiEAEEECTH Y (Pigott and Ellar, 2007), = OFEIN KB T D Z & NZFNEFFOR RIS
BHMEZEARTZT Z LI RO 2 EDBH NS TV S (Gahan et al. 2001; Xu et al.
2005; Morin et al. 2003), — 5. AWFIEH 2 T 2.3.1 [ZBW CTENNFFOMEEOH M 5
BMABCC2 3% AE 1+ ThdHZ L& Liz, LML, Cry #% & BmMABCC2 L OfHA
EHO®H Y 51220 TUIMBIFERBFE LN THRY, /o, I R UERF R0 g
R APNL 7 Cry #5 LG T 20T Th D &V ) FEBRFER LV 2By 1CTh L wlhREt:
NRHEEINTE 702k L (Knight et al. 1995; Nagamatsu et al. 1998; Nagamatsu et al.
1999), BMABCC2 73 Cry H:#E L AT 5 L W oMo E Tic72 < . /i BmABCC2
& Cry T8 & O EAEHA OFFEDIRHTHRE RIZF DAL TV e, BmABCC2 I3, X o3
JETHDHZENPOLARATORBAEIIZ TRV LR BB I, ZiLiT,
BMABCC2 7345 £ TR O TIRN2TZRKD 1 20vh Ly, £z, 3G %
o TREBTOAKEET D, b LIE, 3WEEITI A, Heckel & (Heklel 2012)7348%

3% X 912 ABC transporter C2 ™ ATP DMK/ i % £ 5 fEiE 28 a3 it = v | B0 L 7= B
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\ZDOHFR EFHAERT DA REET OH D, —J7, Tk BmMABCC2 2L E T Cry #
RICKT oG H N7 EE LTRWESNTITRIZD )N, EORRRREGFEE o7
DIZZED X 9 IRFERIT 2 > 7= D)%, BmMABCC2 ZF|H L 7= Cry 338 OVE RS O FRfiR
LA BEICEEER Cy BEDOH D I N—T O FREARRT 5 ECEHERFERICRD
T THDH, £72. BmMABCC2 BNZEKG T+ Th D72 HIX, &7 Cry 3R & OfE A1k
DAFETHIETTHL, ZHICEHL TH EEE o7 HERBZR, L L, BHUTHR
AREREFR O T- DT Z D XL 5 RIERIILEATH S,

ZZ T, BAFETIE, £ Cry 3% & BmABCC2 DA MR % BtR175 & O ik 4 i@
LCHRHT Lz, 7205, ZAUCK YV 2 B, 5§ 3 mTRIZE I 7 BmABCC2 28 LY
%< O Cry R EMIEBICHASE L% AR E LTBIRL75 LV K& R HRE 4 Rl
LZEMEPALMNCTHZ EHBE LT, £7-. BMABCC2 %75 1 Ld Cry IH# 5 A Ik O
WREIB 72\, A 27O CrylAb FREREEN 234 (o F v v Oz L > TE

DL R BTEAHEN DI O W TRET LT,
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BT2HE MEE
421 B Wi

2 221 LEEEOTVETERE LT SO A V-,

422 CryBEROREH
AETHEAH L7 CrylAa, CrylAb, CrylAc B, &5 2 & 2.2.4 (Tildk L7857

M 2 RIGRIRICAEPE S B [FRRO FETIEME LemR 2 v,

4.2.3 CryHEROMEKE L TOKRE
Sf9 #AEIZ ACNPV-BMABCC2 % Jiet% . 72 BEMIEE3 LM% . 4%PFA THEE., £
TR EE OMIPISEIRE 20nM 12725 X 9 IZFHFE L7z CrylAa 22N L, =R T

60 731 ¥ aX— |k L7z, LAROBEIX, 525 228 LFEEEICIT- T2,

4.2.4 Flag-tag ® cDNA B2 C i ~DiEkkE

C R#ilZ Flag-tag Z 11 L 7= AcCNPV-BmABCC2-Flag % {E#l4 % 7= % ? BmABCC2 O
cDNA Bt J 1% . pBAC4x-1-EGFP-BMABCC2 @ 7 7 A I K DNA % # ! |C
5°-CGCtctagaATGGACTACAAAGACCATG-3’ &
5°-TCATGGTCTTTGTAGTCCATTTTTTCTGTATTTCTACCAA-3 D 7 F A ~— % T
PCR )it & 47\ Halig L 7=, Flag-tag D EC 5113 3 X Flag pUAST 7' F A X KX % —DNA (K
HRZ HZEH EEEHREE “WEEHB LIS HE)EHAIC
5’-TTGGTAGAAATACAGAAAAAATGGACTACAAAGACCATGA-3’ &
5’-CTAtctagaCTTGTCATCGTCATCCTTGTAATC-3% F\ T PCR St Z TV IR L 7=, 2
> PCR FEEMI. Gel / PCR Purification Kit (Favorgen)z VT AKEHI L, 50 pl

MilliQ /K (Millipore) TIAH L7, K3 L7= PCREWS 1 ul T2 &IRE LIIRIR & #578
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iz 5’-CGCtctagaATGGACTACAAAGACCATG-3’ s
5°-CTAtctagaCTTGTCATCGTCATCCTTGTAATC-3° D 77 A ~—% I\ T PCR &G %17
VY 2 >0 PCR Wi v 38k S H7-, 15 50072 PCR EEW) L. pBACAX-1 D Xho | %1 ~IZH
AATE, C RIEIC Flagtag %741 L AcNPV-BtR175-TBR-Flag # 1Efi4 % 7= |2,

pBAC4x-1-EGFP-BtR175-TBR @ 7 5 % I K DNA % #§ M |2 L .

5°-AAGCctcgagATGGACTACAAAGACCATG-3’ &
5’ -TCATGGTCTTTGTAGTCCATttctggaattgatttgcaa-3° > 77 A ~—% U T PCR Z4T\»
BtR175-TBR ¢ cDNA /i % #iE L7=, Flag-tag OEHIEL, 3XFlag pUAST % §551C
5’-ttgcaaatcaattccagaaaATGGACTACAAAGACCATGA-3’ s
5°-CGACctcgagTCACTTGTCATCGTCATCCTTG-3’ D77 A ~—%Z T PCR &S &2 1T
HEE L 72, TN PCR ML, Gel / PCR Purification Kit (Favorgen) & 7 7 LGSR L |

50 pl @ MilliQ 7k (Millipore) TiaH L7z, ¥R L72 PCR EWS 1yl T oz EE L7k
W o % W 5°-AAGCctcgagATGGACTACAAAGACCATG-3® &
5°-CGActcgagTCACTTGTCATCGTCATCCTTG-3’ D77 A ~—% T 2 5D PCR 1 v

Z3E4E L, pBACAX-1-EGFP @ Xhol ¥4 MICHLIAATS,

425 BmMABCC2 ZE£4k cDNA DfEE

Table 9, Table 10, Table 11, Table 12 [ZFi#k L 7= BmABCC2 (X, & T
PBAC4x-1-EGFP-BMABCC2 7 F % 3 K DNA % ##%|2  Table 13-15 |27t L 7= h 2
D Primer % AT PCR & 21T 250 PCR I (1 45 Table (ZFC#E L 7= Fragment 1,
Fragmemt 2)Z 5k L7-, £HZ41D PCR EMIZ, Gel / PCR Purification Kit (Favorgen)
%% LEERLL. 50 pl @ MilliQ /& (Millipore) TYAHI L7-. k%L1 7- PCR FEW4% 1 l
P o EIRA LI % 8% 12 5-CGTgeggecgcATGAATAGTGATGGGAGAG-3' &

5-TGAQcggccgcTTTTTCTGTATTTCTACC-3 D 7' T A ~—% AT 2 DDWr i Z 3845 L |
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PBAC4X-1-EGFP ™ Notl 4 MIMIAATL, fF L 722 TOERKIZOWNT, HRO/L
FIH7Z A RDNAZIE L K HIAD 7=00F, ENEI D77 A K DNA % DNA ¥ —

FUAZFE—E R (ARXm A A T s n U= RSt ITAMNEL, MR LT,

42,6 HHZ T ACNPV DOER
424 Fr X 425 TEH L7 NZE30 cDNA BlSI A #LA A TS pBAC-4x-1 N7 X — L
Bac Magic™'DNA kit (Novagen) % A\ CTZNED AcNPV ZERLL 7=, ##: 2 AcNPV

OVERLEIT, B2 223 LRIBEOFHIETITS T,

427 JEE OFRE

Ayl U7z B oy 2 R 3ok o —F o FIZEE(L LTI T o 72 SPR AT (Fig. 42)
K ORBEEZHRT DD AR T 1 yT 27 (Fig. 41 and 53)12 AV 7= 5] 4y
X, TNEND ACNPV ZHIWT, %2 % 2.2.13 L [AEROITIETIHEE Lz,

Flag-tag &% (Fig. 44 and 45) % X, Flag-tag #&% L 7= ABCC2-Flag & BtR175-TBR-Flag
7 SPR AT (Fig. 45)IC IR 43 13, LA R O FETIHEE L7z, 10 % (viv) Aia ik
1. (FBS, JRH Bioscience) & . #&IEAE 50 ug/ ml A L7 h~A 2 ORI 50 U/ mi
D=V &I LT= S£-900 11 SFM (GiBCO, Invitrogen)£% i 2 8 L 7= 300 ml 72U
ft& =77 22 (lwaki) 12 150 ml 9> E L7z, 150 cm® O3 7 7 A 2 (IWAKI) (2
ar 7Ty NREEOHIALZ IR T T 23 2 O T o E A=A 7 5 2 arh
B L, TNENOMBZ RF 2 7 A LR ZEEFM L2, 3 B 25°C TR #
Lz, ZOROEE 2R L, DDM TR b3 2ifEiE, 552 % 2213 ICRe# Lo
ik L [FIRRD F7 1 TIT - 72, Fe i HIZ BtR175-Flag 1% 2.5 L. BmABCC2-Flag 1% 3 L 553

FERL U 7S 2 T Z O FEERICH W,
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428 MREEET v&A
BmABCC2-Flag % U* BtR175-TBR-Flag, X U8 BmMABCC2 D2 HLAK 2 FE Bl < - 7= BE 2%

FlZxF 95 CrylA R OIETEOF ML, 5 2 3 2.2.6 & RO TIETRHME L 7=,

4.2.8 Flag-tag k&l

SPR M FIV N 2 k54 L 72 BMABCC2-Flag &% % BtR175-TBR-Flag % 13 % 7= %12 . 4.2.7
D J5¥ET DDM TR L L2l 4y 2 022 pm O 7 4 v Z —=2= k(Millex-LH,
Millipore) Z i S 72 6 D % H > Flag-tag /&8 % 35 Z 72 > 72, ANTI-FLAG M2 Agarose
Affinity Gel (sigma)?®> 7' 1 h a2 —/LICHEWKE AT > 7o, WHIE, 3XFlag X7 F K

(sigma) & HWTITV, PBST IZENTT 5 Z LIC KD _TF REIY fruiz,

429 R
428 T Flag-tag B8 L7=% 7% 10% ARV 727 VAT I Rz - SDS—
PAGE | & » THHf L7-, SDS-PAGE # D7 /L 1%, i~ b (Wako) D71 ko—

JATTEN e LTz,

4210 vxREZ TuavTF 4T
FTNFIND BmMABCC2 B EARZFRHLI T 572D D AcNPV Z &Y &, iz 711
AHRDOH RN BB ST T-SOMIEL V23 2.2.13 & [AIEEO F9E TR L 7- 1K

DEY TV E LTHW, DIBOEIEIX, F25E 229 LREO FIETITo 72,

4211 SPR %V 7= BtR175 XU BmABCC2 & CrylA HRORA MR DT
4.2.7 OEEFE TR U728 4y £ 7213, 4.2.8 @ Flag W@ 2 8 O S - i &

V7L, pH 40 D 10 mM FFRT B =T A4S D LB’ (WWIZRD X OWL
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CM5 & > —F » 7 (GE Healthcare)ic 7 2 >4 » 7Y o Z¥EIC L 0 EF(b L7z, Cry
5 & O EAERENT R ONER /X7 A —2 —ORIIE, 5 2 B 2212 L RO FIETIT

277,
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B WRLBE

431 BtR175-TBR T BmABCC2 ® Cry %% & OB EIRB DT

ABEOH—H TR 721 . BmWABCC2 78 Cry HEZ A0+ Th D & & 2 DML
1L, RERSTW e, LxL7Zed 5, BmABCC2 728 Cry 758 2SHIIEB I < 0 fL%&
FERT 5 DERET HDZREG T THDLHI EITFE2E, F3IFE TR LIEERNLHA L)
THY ., ZOZHEMHEREZ T 5 7-DI21% BmABCC2 13443 Cry & ICHEA Lzh#
MZESIX T CTh 5, 2 5 2.3.2.T BmMABCC2_R-ZY FHIIE#H M I5 T Cry #%
DR SRR (Fig. 13) 13, Cry #55 & BmMABCC2 WiEG L7l L2 BWT 5 L5
X%, LML S . 4% PFA CTHlMEZ [E & (MAE O JREINE 2 Jbod 5) & Bl 67T
BMABCC2 |ZfE& T % Cry RO &ENE Lz Z &) B (Fig. 40), 55 2% 2.3.2.THT-
BMABCC2_R-**" OB #HEMIME R Tt Sz Cry #3% (Fig. 13) 1%, — 2Ok
ELTHRICHIS 5o TWDIRIEEZ BT D REMRN H DL ZENBEX B R T, ZD LI,
Al E T BmABCC2 & Cry B DA & W I RES R SIS WRE & LT,
BmABCC2 & Cry R ITHENTHEA T D b DD, fREENIEFIC R S L TH B iR
BELCLE D AIaEME. £7201E. Cry BR L OEABEMBAELERETHY . A LT
TITBEICHI S A ARBHNEZ B AT, EZ T Maxd VT NAEALTELZXDHZENT
X% SPR (RH 77 XE L 4E) T THIULX, BmMABCC2 & Cry #R OfE G B % fif
HrC¢& % E&%E %, BtRI75-TBR, BMABCC2 Z I E 4% 8L & 7= B2 A oo s 7y &
Cry 3 & OfE A fREtEIfE % Biacore Z W THENT T2 Z & 12 L7z, FERL L 72 B4y (12
+7r & ® BtR175-TBR &K U BMABCC2 733 AL TV D & flkad 3 272w Yt %17 >
e, ERNRENENDOSFEEED =T 20 B A\ THY , N0y hk
T5HEBEZLND/NY RIEERBI T 72/ - 7= (data not shown), L2>L7en bt [AH
TINERMNTUZRZ T ay T 4 v T EiTolo e 2 A, By TOFERERSI

(Fig.41)., ENZENDOFURD Il FEICHEL 325 L /070 < & & B @R 12 1% 1 ng/ ul
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LIk BtR175-TBR £ 72(Z BmABCC2 Z & {eiiti & L TAEE TE TW D Z &M minolz,
% Z T, &o%< Biacore &M\ /= SPR fiffTiCtEA, B Y —F v FITKEFAL L.
CrylAa #s8 & O A fRBEENHE 2 f#HT L 7=, EGFP, BtR175-TBR., BMABCC2 & Hiffifiz
DI 5y Z E AL L7 2 Eh ot 4 —F » 712k LT CrylAa 73 % 200 nM, 400
nM TIHRINL, oY —F v S Lz Cry mEOREZRTYVY /T 0525, %
747 ar ba—/b UTHWE EGFP % B CHRBL L 7= Mila TiE, #5646 Lokt &
IZ. 50RU LA F L FEHITD 72 < | CrylAa 735 @ Biacore DI ~DOIRMEK T LR %
BERVEEEIRICEIT 5 120 BAIBE 5 & 2RISR G & D FREHR -~ O B itk
240 IR, FEA LICERDIE LA EDMIET 22 L2 BRT 5877 40835610
72 (Fig. 42), ZHUZxt L. BtR175 2 (O BMABCC2 X CiL, HEDOTMEIZ EGFP X L 1
HHONICRKRERKIMEN Z B, BROWMPBKET LTHEZDIZEAENETINND Z
L7 L OEEN TR RBHBEAREBICHDZ L 2BHRT DBV 7 ARE LR
(Fig. 42), ZH 6 OFERIT, SO MR /321X H & b & CrylAa BB ICHEAEE o0
FINFIET D & Ko TERTOE ST CrylAa BHE B WHHAEERADO Ay 7 75
Uy RPFEET DI EERTHO L Bbhi, $£7-, BtR175 & BmABCC2 DOFEHLH
DIEESIZ BV TIE, BtR175 3 LU BmABCC2 & CrylAa #3E OAHEAEM 4y o _EFE A
MWT T 7IZENTEBY, EBICENLDOMEDEIINY I 7T U RTRLIIZHEG
ENLES THREELICSWERD B D TH DL Z L2 EWRT &2 b, —J7, fEaH
iz R K /RT XA — 2 —Z B L CHD & Ka, Ko fEIZZZ 4, BtR175 23 1.12x10°
L 8.97x10° TH V. BMABCC2 (% 5.61x10" & 1.78x10° RU TH Y (Table 7) . 1FIE[A
UMEZR LT, ZORENDIT, B LTV L 5 A ElRE L TOMEEDE 23]
T % BtR175 & BmABCC2 DfF G PEIRDEWIT R A T einolz, LrL, AKRR
DREFEEREEOERROFHEN NNy 7 770 RIZHEN TN IZL < Ro>TWnD

AIREMEDNE 2 B 2T,
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% Z . KRIZ, BtR175-TBR & BmMABCC2 (Z Flag-tag Z £/ L. Flag-tag &5z kv
FNOEAHER LT —F v FICEHBE L, BEMRTERASZ &L, £7. C
Al Flag-tag % £+ 17 72 BtR175-TBR-Flag }2 O BMABCC2-Flag 7352 54k & L T DE&RE
REELCWD 0 ERDZ & T, tag 22722 LIC K DHERED KN Z » TV R0
% e D7~ BtR175-Flag & Y BMABCC2-Flag % %% 8l X 7= Sf9 i@ 500 nM @ CrylAa
BREREARMLIZL 2 A, BEICEE LD ATV DMl BE S uFig. 43). 2 oo
tag M L5y & B S Eo ML & FIRRE OS2 RO Z E MR Sz, bbb,
tag ML TH Cry R/ E L COMBEITRFFL TWDH Z &R e, £2
TRIZ, ZNHDO5 1O Flag-tag |12 X DR ATV, VA Z T a7 ¢ 0 7 CHER
L7z & 2 ARHKICBIDS T D30 RAFRD HFL(Fig. 44 and 45), & 5 I2ZH 5 Ofr
[EICERYLE TN R CE 72(Fig. 46), N HDOFER LI D ARl U7y o
X7 EIE, SPRSTICIE T DRE TH Y | BTG ENL2ENThD X RV EHD
BEX. V=R TayT 40 0 7 OFERERKITD R AL >TH 10ng/ ul 13H 5 =
EPHEES NI, £Z T, ENENDORKR LI 0Bt o —F » FIToT,
CrylAa ## & O EAVER Z T LT-, & OfER, RER O S 37 & W54 200
nM D455 3% 2 TN L 72BR D 120 #4#% DO B SE - (Resonance Unit, RU)(X, BtR175-TBR,
BMABCC2 ili# & H 5 L% 100 RU TH > 7=DIxt L (Fig.42), 4 1al%, 250 RU & 500 RU
ThHY ., BUMER GO, Ny 7 7T 7 RITHHEINTITHE AR EDNEIT X 5 & 1]
REC& T, L LN D fEEBAMEEZ R /37 A —% —(%, BtR175-TBR & BmABCC2
TENEI, KA P 474x10°%, 3.30x10° KD i% 4.97x10°, 4.93X10°RU THV, Hi
HLTWEE ) RZEKRE LTOMEDOEVEHATE 2 K& REWVIZALAL -
7= (Table 8), A RIDLIEAE RN OHEM LA BFMEEZ RT/NT A= —L 15 DI,
fEBEDRFEICIE, 11 binding ET LA CTELHDLEZ I TRVHEDONRH DIZHED

B, HEHC D Y TEH THEMAR T L2V, DF D | BtR175 122V T4, BmABCC2
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IZ2W T % 1:1 binding E7 /L 2%@E T & 72 Ml & L CW S ATREMED Y 8 5, APNL & Cry
FROMABREICE S T2V OPDEITIFRE THE St U7 T AT fBH 0%
B[RRI & R IC RN 2 B AU, 1:1 binding EF AN EICESND 1 BITHDHEE 2D
(Jenkins et al. 2000; Lee et al. 2001; Jenkins and Dean, 2001)(Fig. 48), — 7 C. 48] BtR175
Y BMABCC2 (IZoW T LNt U7 T Ak, MEEDSIZEE A BRI T,
1:1binding T /@A XD B 2 HiLDH APNL & He A~ CREBE DS G I 2 AR Th D
(Fig. 47), ZDOZ b, Zhb 251 & Cry BB L ORIOFESICIE, 4V I~—fkL
DTN ERFEET D & TELLHESZOMDM S OB TEEL L= 10
SR CE R RDMROEBELEZ T TNDH BN IS, T77bb, I R~ v
K RTIE NS D Cry FgR ORI RBE I Cry BB DL BIR E 1 R~ Ak X
JENZETHREAT D2 L TERHEND . FUEN 2 THREGT 2 BIC—RIICH bR
% avidity 21 &2 A TWH b O L E X 5(Fig. 48), & L% 9722 51F, 1:1 binding &7 /L1
WTED & 9 LT BITANMESTEY ., ZOEF /MY TIIO TEH Lk a8t
HRT NI A= —(KD X KAORIEIZITMOERER W LIThd, —H,
BmMABCC2 Ot 4277 A b fREfE R O & 23IEH AR Tdh Y (Fig. 47). 1:1binding
ETNIE TEOTEIVMAEER T NN 7= d, L L7 s ., PRA EE
(TG L 7o R N et TR SV RE R (Fig. 40)S0, JEATAFZEICI VW TA E T
—ELREARNBE L TG SN TIRNoT 2 e E2BET D & ZOESO 7R fiFBEI
RA~Y B _ 7 FEREROF Y I~ —(bITEFT 5 avidity ZhRZ A TNWD L IFHE 2
Z< W, Fo, BT 720K E LS R THDL E, Cry HBROBMBKET T2 120
I T, BIR75 1TIE. R ONARWEMARMEESE Z > T D Z &R 0005 (Fig. 47),
400 nM @ CrylAa 7 R IR IS I3 3 BRI T (120 BHR) 2> 689 10 BRI O MICH & L
TmBEORKEDHKI 345D 1 FETH 5 200RU D HHE M MEEE L T3 (Fig. 47), 2D 2

&%, CrylAa 5% & BmABCC2 DR A T ICAREET 5 L © G A E T
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%, #i53% & CrylAa 33513 BmABCC2 (2% L THERE Lo W A/EH OdREEZR & o
ZEEEWT L0 LitZevy (Fig. 48), £ LT, FHUIo| EHiE A b5 — K avidity
12 X B2 FEFITRREo 2R iR X BRI O R0T 7 U Y A ATV DR THTE T
& 972 BmABCC2 % 351C Cry RV IRERICHIZ 5, 5% BmABCC2 43 7706
CrylAa FENMERECERVIRIBICH D Z L2 BT 50008 Ly, FEEE, Alalt
Y —=F > FIEE L7z ABCC2 0 DR E@aE (BUKEAL) (SIE MBI O
DDM 23fE& LTH Y, ZhIMiaEEm o E —ERoRb b 0%z - L T\D,
LR R 2 A Lo BRI Cry BEDRERICHI S o722 &12H D ATREMEITAE T &
720N (Fig. 48), Z D X o1z, 4G 572 BmMABCC2 & Cry mEDMEE &2 izt ¥
T BE T RANY RE R TE E Cry BmBEORICR LD K 91T, HEO R DR
KOG ZBEWR L TWD RN H D, LA LFERHZ, kb EERZ LT, 20
YUV 7T ARFENT Cry 2% & BMABCC2 & ORICHEA L W) BRBENDH 5 2 & &R
THLOTHDLIRTH D,

AT, BU—F v 7 E® BmABCC2 OREIIZIIARKRZ D N T AR —HF—45
FIZTPREIND [BREINDRNELRD0F] b, 2O T UV AR—F —OEE#R %
EiEh4 % ATP HIFEELRY, Ko T, By ¥ —F v 7 D BmABCC2 1351 1 ERAL % A
CTREEICH D & PRSI, AR THELNTT —Z 1%, CrylAa 3235 0 EA7 % P
U7cE £ D BmABCC2 #FIH L TIRICHIE 5 Z L 2 BT AR &H 5, 2D &

L ABRITS DICRR D KRR CHR SN D BENS 5,

432 MRS — FHEIR 2 STED Cry TRk & OFESTEIRTH 5 WTHEHE ORREE
ZZETORMELY, BmMABCC2 & Cry mRITMENIHET DI LRI N,
RIZ, BmMABCC2 @ K Mgl S Cry 5k & FEERITH AT 200 S HIZFEMICIH~ 5 Z &

W2 L7, FZT. £, AF92T BmABCC2 2 IREMY L LTHY X5tk
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72 o oMl L — T Rl D 234 (LOZERITHER Lz, BRICH~72@ v | 2012 45, BED
IZE > T 7 RMD CrylAb &M A a B & 10 RFEO|BIED A a H ORI TH LT
CrylAb &3z DE W AY, BMABCC2 43 1 Ofifa s Lv— 78Ik D 2 D 234 fr~DF 1 >
COFEMNTERKT S Z ENRB ST (Atsumi etal. 2012), F7=, 52 T TiX, 2D 234
NOT 2 ) ERIFEAZ RN FENNZ, CrylAa & CrylAb, CrylAc ORI B35 ez Mo
EWOFRKICZ2 > T 5 Z & & BmABCC2_S+2'Y & BmABCC2_R-2*Y o 2 fEH D2 i
RERBEMICRR I EZNENO CrylA BREZEOEVERD Z EICK VAL
72(Fig. 12), Z D X912, 234 ftoFa v U fAE, »7a< &1 CrylAb, CrylAc 2%
BmMABCC2 L& 5 Z LICHEL H x| MOV —THIKRTHD Z b, 23447
DUTEENR D72 < & B CrylAb, CrylAc |2 & - T? BmABCC2 L ofE &8k TdH 2% rragtk
NEZ BN, TNOEMRIET H7-HIC BmMABCC2_S OIS L— 78K 2 7 2/
Bz 7 7 =B LT 7 = B R A 2 FEEH L, B L YR B LW
PSP 2 NENT T =@ LRI LT CrylAa, CrylAb, CrylAc =%
NOHFE % 50 nM, 500 M, D 2 JRETIRM L, BRICKTHRISZHT T, T ORER,
2 MEOE BB, AR THSH BmABCC2.S FEBIAIL & A L~ L T
CrylAa,CrylAb, CrylAc 7 # 4 TITK L TS H L7z (Table 9 and Fig. 49), Z D Z
EMB, V—TE 2 OT X BRICERE ANIVTHEENRN EBRH LN o7,
Tipbb, L— 7R 2 ITHEORS 2 BmMABCC2 & EHHAEA T 28 Ciden T

Ao EBFBxBZT (Fig.bl)

433 MRRANA—THER 2 ICHBAIND T IV BOBEORE
s L — 7 hEdk 2 25, B L CWe K9 7r Cry 338 & OEERI RS 3 TIE 22w
M, 234 (DT v UAFAT, CrylAb, CrylAc A TE <22 L) BIG Rt

B D05 Z LiX, Cry 355 & BmMABCC2 OFEGTERZ N5 T30 2155 2 &
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IZD7RM0GDEFE R, 2T, IRIC 24N A SN T v v UXEEN A H
BCIERW DY Cry i & BmABCC2 O & Z FHLE T A &Il > TV D &V S G &
STl FRrYVEINCEBUVRAER T HHIRIRE 2T X /B TéH %, CrylAb, CrylAc
EREARTE R RDBDIX, Tr v ORI Z2MEN Cry R L OREEEZRET 20067
Do, Five BMOMEAD/ NS 72T I /B THREEROFERD AL SN D DNEHH~D
Z &lT L7z, BMABCC2_S O 234 (i W VR SV EEDMIEE 1 S LRI 7V ES 72 T
B THLT T = T LRILK AR B VRERFORERT I /B THL 7 =
AT T2 K NV R Ty ZFLT, XUBVRIIL IRV, kLR
WIT, S ISR 2B L2 b b LIRERFSICRZ D Z 53R T AX =0 B AFY
vEWI BRI 6 FEOT X AL BmMABCC2_S ARMEEER L=, 2 b
TEH L7 Bk %2 F 84 5 SO #ii o> CrylAa, CrylAb, CrylAc £ L E Ut 5 sz M
EARARIZE 2 A LIz T R CoOBERFBMIAIZ OV T, BEC#HE S TWD CyrlAb
HEHER D BmABCC2_R (B*Y) & [AIEEIC CrylAa (ZIXESZETH 5725, CrylAb,CrylAc
ITIZZENZEN 1L UM OFF IR LT HEEHIMETH 5 2 & 434375 7= (Table 10 and Fig. 50),
TS ORER IV 234 (71T Tyrosine N A SN2 2 L2 XK - TEA M S L7z CrylAb,
CrylAc (2T D2 BRHESEEDOEIIE., 72 /BB R E SOMEICBIRZ2 <, 234 fiLi
ENTRT IV BEFHFALEBICO AR IS Z En3gho7-(Fig. 51) , 246 Z &1,
ABCC2_S DARDOHERE & ITHERAFR I, MlaS L — T ENL O RS2 23 52 AR RE 2 FH
HTEXDHILEERL TS, T7bb, 442 DfEFR LAY TEZ S L, BMABCC2
EOMEAEREIT, 17 2 BEAERT M —720ar 73 A—va v
F = VOEBEZTH XD RERTHY | Cry BRESHINESA S BmMABCC2 & f5AT
HI L HEEZDE BORBEMNGT 72 A LT UVNLEIZSH DM — 7 Eik O

TN TH D WREMEDNE 2 BT,
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4.3.4 BmMABCC2 s — S ERED Cry BREZMEITE 2 58

BMABCC2 (Z 6 DfFET D ffilash b — 7RI TITH L, 7 & A2 1 > FE i
T5 3 O0T7 ) hET T2 ICERLEERKEEH L, EFHLEZRZO
BMABCC2 %8 BLIK 2 38 Bl X W 7= 552 #i AR 2 % L C4% 100 nM @ CrylAa, CrylAb, CrylAc
BRI 60 /3% OO FEFR KT 5 G2 BIEE Lic, ZOfR5, /B L7z 16
A TOERKREREE S8R MIAIEL, Cry HRICxT DA RFFLTEY
(Table 11) . AHfESML— T REIRIE, Cry B3R & OFRESIZEG L TR0 ho X HITR
2o LNL7RDND, 6 DIF(ET DML — TRk 2 T 5 7 2 BT, =he
Fu, 19, 5, 5, 54, 5, 5aa LTRSS TWD, MilasoL—7Ek 1 L fiusior—7
ik 4 1%, oML — 7L D bR AET X AR L T2 B RIRTET T,
HfRAt L — 78Ik 1 e OV 4 OFEIROIT RS Cry 73k & DFREGIZBIS- L TV % iiliam i)
HZEFEELWE B X, 22T, MiasoL— TR 1 RN 4o T, TR D —
M RESEIERKEEHT S 2 LIC L, ML — 75 1 ico0 Tk, PA -
S PE-TRY Lo VP aa OO KRR EERL L7208, 2 TOERKIZNT, &
100 nM @ CrylAa, CrylAb, CrylAc Z ¥4 60 & IZ R 6N DX T DERITKISE L T
55 A CTRZDHIIANEBIE SN R0 CrylA BEZFINE LTOMEL L-722 &
DRI S (Table 12 and Fig . 52), #lflaglh L — 7588 1 28 Cry #3 & OFA 125 LT
WA Z RSN L fas L — TR 4 1Icon T, F9. A - L5 & oo fEIkIC
Xt HERKEERL, 3FEOBRICKTLIEEHRTE A, A - LTI, 3
A TOFEEITH L TEZMENE > TO oz L, ™D - TS offlliz kS HE 5
&L BTCOBRBRITHT DREZIEN I (Table 12 and Fig. 54), FIZZ BRI K » T2
DI B SRR A e 2 BT D - T o W O SIS AEES &0 Lo H L 50
DRRKEBEZEN LI, £ 28BS ST 2 hEaiiiicl 24,

D _ T D% D FEIC kT AR TH S °Q - DB, By — L, 5 _ A 3 fiE
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FADEEIRKITOWN T, 3FIAD Cry BRI DM E L B2 e Vv )RR
W& D7z (Table 12 and Fig. 54), — 5T, "°D — T OB L °D - L™
& BL-FP OERIRTIE, ZBRKZREE LMo 3 FEHO CrylA #5054 2%
PERN b Z L3y o 7= (Table 12 and Fig. 54), —J7. 26 DA RMKIL, BEEN
DI FTFFHBLL TORWEDIZZR/ER L LTOMELZ RSO L) ITH AT &
W AREMEN R SN, £ C, VRRAZ VAKX T 0y T 4 7280 Hilak
ETORBRLMRLIZE ZAH B TOEREPME ETHEFE L TWD Z LMK
WTE (Fig. 53), ZNHOFER LV Mlash L — 768 1 0 A - T O fE; & Al
Wo— T 4 DL &b D - FP O OFE T, Cry %35 54T 5 rlREMEDS
MfFE iz,
AHiTIZ. ABCC2_S LD 2 SOFEMUI KA ZHAT HZ LIZLY . Ko7 osfilalil

CrylA R T DM Z 5 TER D2 xR Lz, 2O Z EIFFARRIZE W
THINEDOHEBDORKICE > THESHIT CrylA HHRIEHUERKENEAEL 52 L 2R

L/(l/\éo
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Fig. 40 Detection of CrylAa toxin binding to
BmABCC2. Sf9 cells infected with ACNPV-
BmMABCC2 were incubated with 20 nM CrylAa after
fixing by 4% PFA (upper) or without fixing (lower).
These cells were stained with anti-CrylAa rabbit
antiserum followed by Alexa 594-conjugated anti-
rabbit antisera and observed in a fluorescence
microscope. In the images EGFP is used as marker
for expression of BmABCC2, and Alexa 594
fluorescence indicates Cry toxin binding to the cell
membrane. Scale bar represents 20 ym.
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CBB BtR175-TBR BmABCC2

Fig. 41. Western blotting analysis of BtR175-TBR or
BmABCC2 expressing cell membrane. Membrane
fraction of Sf9 cells expressing EGFP (i), BtR175-TBR
(i), and BmABCC2 (iii) were solubilized with DDM and
separated by SDS-PAGE. Western blotting were
conducted with anti-BtR175 or anti-BmABCC2 serum.
Open arrow represents theoretical molecular mass of
BtR175, and closed arrow represents theoretical
molecular mass of BmABCC2.
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Fig.42. Biacore sensorgrams for the binding of CrylAa to EGFP,
BtR175, or BmABCC2. Membrane fraction of Sf9 cells expressing
EGFP, BtR175, or BmMABCC2 were purified and immobilized on sensor
chip. CrylAa toxin solutions at 200 nM (green) or 400 nM (blue) were
applied as a ligand to the sensor. 120 s after injection, the flow was
replaced by PBST and measurement was continued until at 240 s after
flow replacement. The kinetics of the association and dissociation
reactions were measured using Biacore J surface plasmon resonance
(SPR) detection equipment. RU, SPR response unit.

129

200 200
150 150
5 5
c 3
olOO q_)100
%] %]
j c
o o
@ 50 @ 50
Q [0]
o4 4
0 0
-50 -50
-100 100 200 300 400 -100 0 100 200 300 400 -100 0 100 200 300 400
Time (s) Time (s) Time (s)



Table 7. Affinity parameters of CrylAa binding to EGFP,
BtR175 or BmABCC2 determined using global fitting
model integrated in Biacore surface plasmon resonance
detection equipment.

Ka (M™) Ko (M)

EGFP 4.59¢° 2.18¢e”
BtR175 1.12¢’ 8.97¢®
BmABCC2 5.61e’ 1.78e®

Rate constants for association (ka) and dissociation (kd) were
determined by global fitting from 3 fitted curves obtained using
1:1 Langmuir binding model. The association and dissociation
constants [K, (M) and Ky (M)] was then calculated according to
the formula, K, = ka/kd and K, = kd/ka.
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Fig. 43. Cry1A toxins’ activity against
BmABCC2-Flag or BtR175-TBR-Flag expressing
cells. Sf9 cells were infected with ACNPV-
BmABCC2-Flag (Upper) or BtR175-TBR - Flag
(Lower) and cultured for 72 h. The medium was
replaced with PBS containing CrylAa 100 nM and
the cells were observed for 60 min after toxin
administration. Lowly-refractile swollen cells are
indicated by arrow heads. Scale bars represent 20
pm.
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Fig.44. Purification of Flag-tagged BmABCC2. Membrane fraction
from Sf9 cells expressing BmABCC2-Flag was solubilized using DMM
and BmABCC2-Flag was purified with anti-flag tag antibody conjugated
agarose gel. Each sample was separated by SDS-PAGE and detected
by anti-BmABCC2 serum. Lane 1, solubilized membrane fraction; lane
2, fraction unbound to the affinity gel; lane 3, wash fraction 1; lane 4,
wash fraction 2; 5, wash fraction 3; lane 6, elute fraction. Closed arrow
indicates the theoretical molecular mass of BmABCC2.
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Fig.45. Purification of Flag-tagged BtR175. Membrane fraction from
Sf9 cells expressing BtR175-Flag was solubilized using DMM and
BtR175-TBR-Flag was purified with anti-flag tag antibody conjugated
agarose gel. Each sample was separated by SDS-PAGE and detected
by anti-BtR175 serum. Lane 1, solubilized membrane fraction; lane 2,
fraction unbound to the affinity gel; lane 3, wash fraction 1; lane 4, wash
fraction 2; 5, wash fraction 3; lane 6, elute fraction. Closed arrow
indicates the theoretical molecular mass of BtR175-TBR.
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Fig. 46. Silver staining of affinity gel eluate fractions of BmABCC2-Flag and
BtR175-TBR-Flag. BmABCC2-Flag (i) and BtR175-Flag (ii) were purified using
anti-flag antibody conjugated affinity gel. The partially purified proteins were
separated by SDS-PAGE and stained by silver staining. Closed arrow indicates
the theoretical molecular mass of BtR175-TBR. Open arrow indicates the
theoretical molecular mass of BmABCC2.
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Fig. 47. Biacore sensorgrams for the binding of CrylAa to BtR175-
TBR-Flag or BmMABCC2-Flag. Membrane fraction of Sf9 cells
expressing BtR175, or BmABCC2 were purified using affinity gel and
immobilized on chip. CrylAa toxin solutions at 100 nM (magenta) , 200
nM (green), or 400 nM(blue) were applied to as a ligand ligand to the
sensor. 120 s after injection, the flow was replaced by PBST and
measurement was continued until at 240 s after flow replacement. The
kinetics of the association and dissociation were measured using
Biacore J surface plasmon resonance (SPR) detection equipment. RU,
SPR response unit.
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Table 8. Affinity parameters of CrylAa binding to EGFP, BtR175 or BmABCC2
determined using Biacore surface plasmon resonance detection equipment.

KA KD
BtR175 4.74e® 4.97¢e”°
BMABCC?2 3.30e® 4.93e™

Rate constants for association (ka) and dissociation (kd) were determined by
global fitting from 3 fitted curves obtained using 1:1 Langmuir binding model.
The association and dissociation constants [K, (M) and K (M)] was then
calculated according to the formula, K, = ka/kd and K = kd/ka.
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Fig. 48. Schematic of the kinetic profile drawn by Biacore for the
CrylAatoxin binding and dissociation to APN1, BtR175 and ABCC2,
and hypothetical explanation for the cause of different pattern of
each profile. (A) Kinetic profile which fit Cry1lAa-APNL1 interaction. (B)
represents Kinetic profiles which fit CrylAa-BtR175 or CrylAa-ABCC2
interaction.
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Table 9. Susceptibility to Cry1A toxins of Sf9 cells that expressBmABCC2_S
with alanine replacement in the extracellular loop 2 region

Amino acid sequences Susceptibility against?
of the loop 2 region 233-237 CrylAa Cry1Ab CrylAc
ZB3YISAGH’ (W) (+) (+) +)
BAISAG (+) (+) +)
B3IYAAAGHT (+) (+) +)

a Cells were observed 60 min after treatement with each Cry1A toxin at 100 nM
(+) represents that more than 50 % of swelling cells were observed
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BmMABCC2_S-expressing Sf9 cells administrated with CrylA toxins. The
cells were observed 60 min after administrated with each Cry1A toxin at100

nM .(A, B, C, D) BmABCC2_S-expressing cells, (E, F, G, H) Z33AISAG237
mutant-expressing cells, and (I, J, K, L) 233YAAAG?23” mutant-expressing cells. (A,
E, ), PBS; (B, F, J), 100 nM CrylAa ; (C, G, K), 100 nM Cry1Ab; (D, H, L),
100nM CrylAc. Scale bar represents 10 um. Slightly refractive swollen cells are
indicated by arrowheads.

139



Table 10. Susceptibility to CrylA toxins of Sf9 cells that
express BmABCC2_S with extra 1 amino acid insertion
behind 233y,

Susceptibility against

Insertion CrylAa CrylAb CrylAc
234Y(BmABCC2_R) +) ¢) ¢)
2 (+) () ()
ol (+) ) )
2R (+) () )
24w (+) () ()
?H (+) () )

a Cells were observed 60 min after treatement with each
CrylA toxin at 100 nM .

(+) represent that more than 50 % of swelling cells were
observed

(-) representthat less than 10 % of swelling cells were
observed
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Fig. 50. Morphological changes of Alanine insertion mutant of BmABCC2
against Cry1A toxin.

The cells were observed 60 min after administrated with each Cry1A toxin 100
nM.(A, D, G, J, M, P) CrylAa 100 nM, (B, E, H, K, N, Q) CrylAb 100 nM, (C, F,
I, L, O, R) CrylAc 100 nM. Scale bar represent 10 um. Slightly refractive swollen
cells are indicated by arrowheads.
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BmABCC2_S(Wt) 2BAISAG?  2BYAAAG®”  a.a. insertion in 234
(Table 9) (Table 9) (Table 10)

Fig. 51. Schematic of amino acid insertion effect in extracellular loop2
region of BmABCC2 to each CrylA toxin.

The conformation of 6 amino acid at loop2 region influenced Cry toxin’s
interaction. Amino acid replacement mutants described in Table 9 interact with
CrylAa, CrylAb, and CrylAc, whether the mutants which were inserted a amino
acid in 234 interact only CrylAa toxin.
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Table 11. Susceptibility to three CrylA toxins of the cells expressing BmABCC2_S
mutants having replacement with alanine in the extracellular loop regions.

Extracelluler loop reagion alanin replacement mutants of BmABCC2_S Susceptibility against*
loops Amino acid sequences of the loop region replaced amino acids  CrylAa  CrylAb CrylAc
loopl H8\/FAELLSYWSVEATITRLE®® Y125 +) +) *)

w1z ) ™) ™)
St (+) () ()
loop2 238y |G A G2 Y234 +) ) )
S2% (+) () ()
291575 *) (+) (+)
PIQHS *) *) +)
#81QQ%0 (+) () ()
loop3 347p1QQY™!
134 (+) () ()
Q™ (+) () ()

SSMVVTLVITQGCATFIDYWLSFWTNQVD
loop4 QVDE! +) (+) (+)
EYEQSLAEGEEPSTSLDTQAGAFTLGV®®

oLPWA *) *) *)

loop5 SSALPWT® 907PWT910 ) - ™)
weee *) *) *)

loopé 101 DFST!O 1012DFS1014 (+) ™) )

*Cells were observed 60 min after treatement with each CrylA toxin at 100 nM.
(+) represents that more than 50 % of swelling cells were observed
(-) represents that less than 10 % of swelling cells were observed
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Table 12. Susceptibility to three Cry1A toxins of the cells expressing BmABCC2_S
mutants having amino acid deletion in the extracellular loop regions (ECL1 and 4).

Susceptibility against
mutation position CrylAa CrylAb  CrylAc
ECL1 120-127 - - -
ECL1 121-131 - - -
ECL1 122-128 - - -
ECL4 788-806 + + +
ECL4 770-773 - - -
ECL4 770-795 - - -
ECL4 773-775 - - -
ECL4 779-781 + + +
ECL4 783-787 + + +
ECL4 786-788 + + +

*Cells were observed 60 min after treatement with each Cry1A toxin at 100 nM.
(+) represent that more than 50 % of swelling cells were observed
(-) representthat less than 10 % of swelling cells were observed
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A
ECL1 U8VFAELLSYWSVEATITRLE®

ECL1120-127 '8VFAELLSYWSVEATITRLE?!3®
ECL1121-131 8VFAELLSYWSVEATITRLE®®
ECL1 122-128 M8VFAELLSYWSVEATITRLE3®

B
EC4 SSMVVTLVITQGCATFIDYWLSFWTNQVDEYEQSLAEGEEPSTSLDTQAGAFTLGV®®

ECL4 788-806 "*>MVVTLVITQGCATFIDYWLSFWTNQVDEYEQSLAEGEEPSTSLDTQAGAFTLGV®®
ECL4 770-795 "*MVVTLVITQGCATFIDYWLSFWTNQVDEYEQSLAEGEEPSTSLDTQAGAFTLGV®®
ECL4 770-773 ">MVVTLVITQGCATFIDYWLSFWTNQVDEYEQSLAEGEEPSTSLDTQAGAFTLGV®®
ECL4 773-775 "*>MVVTLVITQGCATFIDYWLSFWTNQVDEYEQSLAEGEEPSTSLDTQAGAFTLGV®®
ECL4 779-781 ">MVVTLVITQGCATFIDYWLSFWTNQVDEYEQSLAEGEEPSTSLDTQAGAFTLGV®®
ECL4 783-787 ™SMVVTLVITQGCATFIDYWLSFWTNQVDEYEQSLAEGEEPSTSLDTQAGAFTLGV®®

ECL4 786-788 "SMVVTLVITQGCATFIDYWLSFWTNQVDEYEQSLAEGEEPSTSLDTQAGAFTLGV®%®

Fig. 52. Amino acid sequences of extraceller loop region amino acid
deletion mutants of BmABCC2_S. Amino acid sequence and mutation position
of each ECL1 (A) or ECL4 (B) is described. Bold type represents mutation
sequence. Red-letters indicate deletions that conferred receptor function
breaking effect to the mutants when mutant BmABCC2_S expressing Sf9 cells
were tested at 100 nM Cry1A toxin
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GFP wt 120-127 121-131 122-128
GFP wit 770-795 773-775 770-773

ECL4

Fig. 53. Western blotting analysis of the expression of BmABCC2_S ECL1
or ECL4 mutants on Sf9 cell membrane. Membrane fractions of Sf9 cells
expressing each BmABCC2_S ECL1 or ECL4 mutant were prepared and treated
with sample buffer. The samples were separated by SDS-PAGE and detected by

anti BmABCC2 antibody.
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Fig. 54. Diagram of mutations that conferred
receptor function breaking effectto BmABCC2_S.
Red and Gray circles in the pattern diagram represent
mutation sites of alanine replacement described in Table
11. or mutation sites of deletion described in Table 12.
and Fig. 52. Red circles also represent loss of function
generating sites which were suggested by the cell
swelling assay described in Table 12. and Fig. 52.
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Table 13.

oligonucleotides used for making the mutants described in Table 9 and 10

fragment 1

fragment 2

2337 15AGR7 (les)

5'-CGTgcggccgcATGAATAGTGATGGGAGAG-3'
5'-CCCGCAGAAATGGCTAAGAAATATAGTACTACAGCCGCTT-3'

5-TTCTTAGCCATTTCTGCGGGATACGCACCGTTCGTCGGCT-3'
5'-TGAgcggeegcTTTTTCTGTATTTCTACC-3!

23y AAAGST (235|5236)

5'-CGTgcggecgcATGAATAGTGATGGGAGAG-3'
5'-CCCGCCGCCGCATATAAGAAATATAGTACTACAGCCGCTT-3'

TTCTTATATGCGGCGGCGGGATACGCACCGTTCGTCGGCT
5'-TGAgcggeegcTTTTTCTGTATTTCTACC-3!

5'-CGTgcggccgcATGAATAGTGATGGGAGAG-3'

5-TTCTTATATGCCATTTCTGCGGGATACGCACCGTTCGTCG-3'

234
A 5'-GCAGAAATGGCATATAAGAAATATAGTACTACAGCCGCTT-3' 5'-TGAgcggecgcTTTTTCTGTATTTCTACC-3'

23 5'-CGTgcggccgcATGAATAGTGATGGGAGAG-3' 5-TTCTTATATTTCATTTCTGCGGGATACGCACCGTTCGTCG-3'
5'-GCAGAAATGAAATATAAGAAATATAGTACTACAGCCGCTT-3' 5'-TGAgcggecgcTTTTTCTGTATTTCTACC-3'

234 5'-CGTgcggccgcATGAATAGTGATGGGAGAG-3! 5-TTCTTATATAGAATTTCTGCGGGATACGCACCGTTCGTCG-3'
5'-GCAGAAATTCTATATAAGAAATATAGTACTACAGCCGCTT-3' 5'-TGAgcggecgcTTTTTCTGTATTTCTACC-3'

23y 5'-CGTgcggccgcATGAATAGTGATGGGAGAG-3! 5-TTCTTATATTGGATTTCTGCGGGATACGCACCGTTCGTCG-3'
5'-GCAGAAATCCAATATAAGAAATATAGTACTACAGCCGCTT-3' 5'-TGAgcggecgc TTTTTCTGTATTTCTACC-3'

230y 5'-CGTgcggccgcATGAATAGTGATGGGAGAG-3! 5-TTCTTATATCACATTTCTGCGGGATACGCACCGTTCGTC-3'

5'-GCAGAAATGTGATATAAGAAATATAGTACTACAGCCGCTT-3'

5-TGAgcggeegcTTTTTCTGTATTTCTACC-3!
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Table 14.

oligonucleotides used for making the mutants described in Table. 11

fragment 1

fragment 2

Y125

5-CGTgeggecgcATGAATAGTGATGGGAGAG-3'
5-TGCTTCTACTGACCAGGCGGAAAGCAGTTCGGCGAATACT-3'

5-CCGCCTGGTCAGTAGAAGCAACTATAACTCGACTAGAAGC-3'
5'-TGAgcggecgcTTTTTCTGTATTTCTACC-3!

5-CGTgeggecgcATGAATAGTGATGGGAGAG-3'

5-CCTACGCCTCAGTAGAAGCAACTATAACTCGACTAGAAGC-3'

126
w 5-TGCTTCTACTGAGGCGTAGGAAAGCAGTTCGGCGAATACT-3' 5'-TGAgcggccgcTTTTTCTGTATTTCTACC-3'
REY 5'-CGTgcggccgcATGAATAGTGATGGGAGAG-3' 5-CCTACTGGGCCGTAGAAGCAACTATAACTCGACTAGAAGC-3'
5-TGCTTCTACGGCCCAGTAGGAAAGCAGTTCGGCGAATACT-3' 5-TGAgcggccgcTTTTTCTGTATTTCTACC-3'
357p) g0 5'-CGTgcggccgcATGAATAGTGATGGGAGAG-3' 5-TGATTTACGCCGCCGCCCAATACATCAGCATTATTCAAAT-3'
5-TTGGGCGGCGGCGTAAATCAGAGTAGCTGTAACAAGGTTA-3' 5'-TGAgcggccgcTTTTTCTGTATTTCTACC-3'
348 5 0 5'-CGTgcggccgcATGAATAGTGATGGGAGAG-3' 5-TGCCGCCGCCTACATCAGCATTATTCAAATCAATTTGACT-3'
5-TGCTGATGTAGGCGGCGGCAGGGTAAATCAGAGTAGCTGT-3' 5'-TGAgcggccgcTTTTTCTGTATTTCTACC-3'
(a4 5'-CGTgcggccgcATGAATAGTGATGGGAGAG-3' 5-TGATTTACCCTGCCCAACAATACATCAGCATTATTCAAAT-3'
5-TTGTTGGGCAGGGTAAATCAGAGTAGCTGTAACAAGGTTA-3' 5'-TGAgcggeccgcTTTTTCTGTATTTCTACC-3'
349 5-CGTgcggccgcATGAATAGTGATGGGAGAG-3' 5-TATTGCCCAATACATCAGCATTATTCAAATCAATTTGACT-3'
Q 5-TGCTGATGTATTGGGCAATAGGGTAAATCAGAGTAGCTGT-3' 5'-TGAgcggccgcTTTTTCTGTATTTCTACC-3'
9Gype 5'-CGTgcggccgcATGAATAGTGATGGGAGAG-3' 5'-AAATGCCGCCGCCGAGTATGAACAATCTTTAGCTGAGGGA-3'
5'-CATACTCGGCGGCGGCATTTGTCCAAAAACTCAGCCAATA-3' 5'-TGAgcggecgcTTTTTCTGTATTTCTACC-3'
906|909 5'-CGTgcggccgcATGAATAGTGATGGGAGAG-3' 5-GCAGCCGCCGCCACGTTGATCCCAACAGCGGTACTTTTGA-3'
5-GTTGGGATCAACGTGGCGGCGGCTGCTATAGCATTTAAAATAAGT-3' 5-TGAgcggeccgcTTTTTCTGTATTTCTACC-3'
907y 910 5'-CGTgcggccgcATGAATAGTGATGGGAGAG-3' 5-TAGCATTAGCCGCCGCCTTGATCCCAACAGCGGTACTTTT-3'
5-CAAGGCGGCGGCTAATGCTATAGCATTTAAAATAAGTATA-3' 5'-TGAgcggecgcTTTTTCTGTATTTCTACC-3'
W 5'-CGTgcggccgcATGAATAGTGATGGGAGAG-3' 5-TAGCATTACCGGCCACGTTGATCCCAACAGCGGTACTTTT-3'
5-CAACGTGGCCGGTAATGCTATAGCATTTAAAATAAGTATA-3' 5'-TGAgcggecgcTTTTTCTGTATTTCTACC-3'
1012 1014 5'-CGTgcggccgcATGAATAGTGATGGGAGAG-3' 5-TAATCGCCGCCGCCACTTTAATTCCCGTCGGTAGCGTGGG-3'
DFS

5-TAAAGTGGCGGCGGCGATTACAAGGAAGATCGTCAATATC-3'

5'-TGAgcggecgcTTTTTCTGTATTTCTACC-3'
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Table 15.

oligonucleotides used for making the mutants described in Table. 12

fragment 1 fragment 2

EC1 120.127 D COTUCYgOCGCATGAATAGTGATGGGAGAG-3 5-TTCAGCCGCTAGTATTCGAAGCAACTATAACTCGACTAGA-3'
5-TCTAGTCGAGTTATAGTTGCTTCGAATACTAGCGGCTGAA-3'  5-TGAgcggecgcTTTTTCTGTATTTCTACC-3!

EC1 121.128 2 -CCTYCIYCCICATGAATAGTGATGGGAGAG-3' 5-GAACTGCTTTCCTACCGACTAGAAGCAAGCTATTATGCTC-3'
5-AATAGCTTGCTTCTAGTCGGTAGGAAAGCAGTTCGGCGA-3'  5-TGAgcggecgcTTTTTCTGTATTTCTACC-3!

£C1 122.131 0 -CCTYCIYCCICATGAATAGTGATGGGAGAG-3' 5-AGCCGCTAGTATTCGCCGAAATAACTCGACTAGAAGCAAG-3'
5-CTTGCTTCTAGTCGAGTTATTTCGGCGAATACTAGCGGCT-3'  5-TGAgeggecgcTTTTTCTGTATTTCTACC-3!

Eca 788-806 O CCTICIICCGCATGAATAGTGATGGGAGAG-3 5-GGAGTATACCTTTGGACTTATGG-3'
5-TAAAGATTGTTCATACTCATCAACTTG-3' 5-TGAgcggccgc TTTTTCTGTATTTCTACC-3'

£ca 770773 0 -COTYCIYCCICATGAATAGTGATGGGAGAG-3' 5-GATGTGCGACGTTCATAAGTTTTTGGACAAATCAAGTTGA-3'
5-TCAACTTGATTTGTCCAAAAACTTATGAACGTCGCACATC-3'  5-TGAgcggecgcTTTTTCTGTATTTCTACC-3!

EC4 770-795 2 -CCTICUICCGCATGAATAGTGATGGGAGAG-3 5-GATGTGCGACGTTCATAAGTTTGGACACGCAAGCCGGAGC-3'
5-GCGTGTCCAAACTTATGAACGTCGCACATCCTTG-3' 5-TGAgcggecgcTTTTTCTGTATTTCTACC-3!

Eca 773.775 5 COTUCIGOCGCATGAATAGTGATGGGAGAG-3 5-GTTCATAGATTATTGGCGGACAAATCAAGTTGATGAGTAT-3'
5-ATACTCATCAACTTGATTTGTCCGCCAATAATCTATGAAC-3'  5-TGAgcggecgcTTTTTCTGTATTTCTACC-3!

Eca 779.781 O COTUCIGOCICATGAATAGTGATGGGAGAG-3 5 -TATTGGCTGAGTTTTCAAGTTGATGAGTATGAACAATCTT-3'
5-AAGATTGTTCATACTCATCAACTTGAAAACTCAGCCAATA-3'  5-TGAgcggecgcTTTTTCTGTATTTCTACC-3!

£ca 783.787 0 -COTUCIYCCICATGAATAGTGATGGGAGAG-3' 5-CAAGTTGATGAGGCTGAGGGAGAAGAACCGAGCACA-3'
5-GTGCTCGGTTCTTCTCCCTCAGCCTCATCAACTTGATTTG-3'  5-TGAgeggecgcTTTTTCTGTATTTCTACC-3!

Eca 786788 O CCTUCIICCGCATGAATAGTGATGGGAGAG-3 5-GATGAGTATGAACAAGAGGGAGAAGAACCGAGCACAAGTT-3'

5-AACTTGTGCTCGGTTCTTCTCCCTCTTGTTCATACTCATC-3'

5-TGAgCggeegeTTTTTCTGTATTTCTACC-3!
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AMFFETIE CrylA 38 & 0 A =77 2 72 DR LT Cry 738 DB OIS &
RICFEZ b T2 TR DM 2 B & LERZIT o7z, B 1| T, A 2 THHiHE
b LA CEZ 284 %2 RICLDGEFELEETMOZOEFIHHLEL Y L35
FOSDWMIFIZ T A —7 A% 4T s ERIE CEBRICEZ > T\ Cry HRICL -
THESNLIBROIELWEMGEL A5 LTz, ZORMR, I A a W BEERPIEIZE LB
RITRT 2 EEARJFRIE, MRV ER T, B, R U GRG0 5 2 & T
DI LEWPMER LT, E5IT. A I TYHREIRIFE/ 720 sublethal (FESEIRE T,
FEMINFEIRIRNINE D B DIREE) B D UWMEZIL LD BARVRED Cry HEEM TITE
WTIE, TR b =3 A8 Cry 3§58 12 & o THEE 22T T2 IE 0 BRI =07 722 PR
R EFICHE T D L EX BN (Fig. 2) TNHDZ EMND, Cry HEHRICL>TH
EINDHEE FRAIN TR Z 2B180%, Cry SR O M & 18 B oI M) 7= MRk
B ES IRBSORIEGVOREREZ R TND Z ERNRBINT, 5 ETDEL DYk
ITAFFE TlE, BRI L - TE EOTHE LG = T 2 M E 12iEnD 7+ —h X
WY THNTEDOITK L, AFETIE, B EMOFERICLL2EFITHHLELS &35
JEEIZOWTHERT LI E T AETRATIRD o EEHEE EEMR TR 5
AR, BRI II KT N LNV DE A=V DIFEL | TADIRE L LTOT R b—
VALV IE MM OINE ) AT H I ENTE L, LM LRN D, oncosis BkD
HMARAESC(Zhang, et al. 2006), %% i BE5- (Cancino-Rodezno et al.2010; Bedoya-Perez
etal. 2013) 72 EFREIZW DD THIER H D L 912, 7R b= RSN b mHRIC
Lo THEELZTT-MBBERICEZ ZRIERH D Z ENTHREIND, S HITIE Cry HR
Lo THEEFEZZTIZMIO™ Y OMBERICHEEINDIMISHHFET 200 L Bbh

%o Thebb, AR TRIZTHR M= AT, Zb Cry HRICK > THEEI N D KIS
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D 12T ET, L LM CEBRICBZE SN DBIRIE, LV EMRZ L OBL0
wiThsdZ ENEBINT,

552 BLRE T, BAEDOERFERTH D Z & D300 o T, L IUHE R AR 2
(272D D MINADME B A TIHEDEEREIZAE H Lo, FrIC, MRS A TR L W D TH K
B LR DO RIS DR — BT % Cry w58 & ILE RGO BERICMLAHATH
D BNy 1 ORI 2 3 A T, EHIMEFZEDRER K 0 537> T& 72, BMABCC2 &1 H
A FETE A RERERE & OBENIE Sz 2 LR o Ty 1 AR
BLSHinvitro TONRAFT v A 21TV, RO FRZHEETHLZ LA LT, F
72, CrylAb fXFIMEN A 2 THON -T2 238 NiDTF v oD 1T 2 B AR HED T
CrylAb EFIEDHE TH 5 Z & H A A BmABCC2 # W= FHEERIZ L VI LN LT
(Fig. 12 and Fig. 13), H. virescens (Gahan et al. 2010) <°. P. xylostella (Baxter et al. 2011) 73
St B HBAEIZIBV TS ABCC2 73 FMEFUIED R & LU CTREIZHIE S TWiend, &
B E UCHERET 2 0 EDIRISHER STV ARd o 7, Ko T, AF%EIL, BmABCC2
23 CrylA BHEDIEM BICB W TR b EER S FTHH Z & 2 EHEIR LI R T
WIOME L7 o7z, &5IZ, P xylostella ™ ABCC2 T % PXABCC2 (oW T & [EAED
FERTFIEIC LY CrylA RSB E UTHEET 5 Z & /R L7z (Fig. 21), F7=.
BMABCC2 & PxABCC2 D EB#EFIC L Y, F 3 v HE R TIZIAL ABCC2 43178 CrylA
AR E LTS 2 2 &R STz, —J7, ABCC2 7° CrylA #R & X 72N
HPHO Cry BHRICB W THZAEMRE U THRET 20 &2 mEt Lz s 2 A, R LT
CrylA #35 1T K < BN 7-BIfRIZH D Cry8Ca 1235 T, BmABCC2 A E LT
BERET D Z LS BT o 72 (Fig. 30), L2sL7223 5, CrylA (Zxf LT Cry8Ca & 1Z
(ERIS%E DO PEEEIC & 5 Cry9Aa #5835 (Fig. 32)1%. I A = FEAITIEYE N H 512 B B3,
BMABCC2 A& L CHIHA L2 Z LB 50272 o 7= (Fig. 27), F7=. CrylA &

X E HICEWVEIRRIZH D CrydAa & Aedes albopictus @ ABCC2 (AaABCC2) D#LAE D
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HFITBWTIL, ABCC2 /3 I3 AR & L CHERET 2 AFILITAS S22 > 7= (Fig. 25),
INHEDZ ENG, Cry BmEORHENMIZEL > TAE LT CrylA & Cry8 OICZALET S
BRI L TIZABCC2 2 AR L LT AH Z LT b L b/, £z, [FKF
12, Cry9 10 LW BIHRICH 2 HBRITB O TIE, HI1E° ABCC2 2 AR L TV
AHEMEZE 2 D VENRDH D LBz, LrL., ABCC2 2% BIRIZT 5 Cry :EN S
HHELDOALE ST B ICENWVICEH TE 2 bDOTIIRIZEH 22 L BBEICH L 2T
oo 5, EEE HBUEMFFEIZE VT, Pectinophora gossypiella @ CrylAc #uhiit:
FAENTK LTI Cry9Ca iXH> D 7> Cyrl IZJ& 7 % CrylCa 23 E M 4 7”3 & #tis (Tabashnik
etal. 2000) SN TEY ., TNHDEHEN ABCC2 43 LIS Dy =%/ IEE L TR L
TWHZLzEHRTHb0LELBND, ULEDX T, AHFETIE ABCC2 M #HR%
HIEL UCHRET 2 2 & L AIIFIC, £< D Cry 3370 ABCC2 2% Ak & L TR T
RN EELMNI L, A%, ABCC2 NZRIETIX AW Z L HEE S D Cry4,
CrylCa, Cry9 Z W\ TZ b DZEENIEH S I, Cry mRZ B O SRR S
oRapatat i F S ROy AN

£7-. F 23 TIE,. BmABCC2 L5 £ TCrylA EZZ AR L L TRbEESLEEZS
NTE7eh RAY kX R 78 (BIR175) OZRIKE L TORRER il L, B
125 2 DIRSZMEZ LD RV 2BV T, BMABCC2 D5 3L D MICEW T & 2 5
L 7= (Fig. 11 and Fig. 18A) , & 5|25 3 T, BmABCC2 & BtR175 O A HLMHIE A3,
BMABCC2 HM B BIMAL L U & Cry B Ik 2 MEREm W, 3 2bb i 2451
DN Cry wREZ Mz = 5 K0 2sifEl R Z b5 Z L & A L7 (Fig. 28), &
512, BmABCC2 & BtR175 O psifEMIL. A 2 I EIAR D st & AHBARR A & 5 K
YTz (Table 6), Z D &0 1A a FEEOKZIEIZE L TiX, BtR175 &
BMABCC2 D 2 3 W EERIRERFTH L LB LR, —H, T7V Y AT

YRR 2 W= SEBRIC L D . 2 0 FOBiRER O —I3 72 < & 4. “Pore formation
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model” OFFANTIE Z 5 Cry B O/NLOKOBFRICEE S LT\ D Z ERHA LN E
72572 (Fig. 37) . AENE. /NMLOFERKE VS “Pore formation model” D&EFHN THE 2
DA ERIC DWW TORMRES L7223, BRa i CTA b L7z 60 0k D#HRIC L - TEHE
TS ATSIROEIS OEIZ BV TIX, TS OB XX, 7TV R TR
7 va UREIWTERE Z HMIER EDER L EZENTBIMZ L TWNDLD0E L,
Lo TENBIZONTHMFT L, BtR175 & BmABCC2 ORI A B2 hdifEH o 5EhE
ZROMNIZ LT BERND S,

HATETIE, o7 FHA 203572 BmMABCC2 & Cry 353 & OFH A AEH D 3EHE
flix. BmABCC2 L Cry s & OHAAFERICEHERFERZHERTHZ 2 HE L,
Biacore % i\ C BmMABCC2 & Cry [EmE DA BIE AT L7-, £7=. BtR175 ® Cry
FHE L ORAEIE L T 5 Z & T, BmMABCC2 78 & W %< @ Cry #5335 2 M2 ff A
SELEZAERL LTBIRITS LD b REREREZEET 5 FR00 B ELNDL LE R,
Fpr A ¥ Z 72 572, Biacore {72 SPR fEHT DFER, HENNT, BMABCC2 28 Cry ®56
EREAT D LMD DT (Fig. 47), ZUIftho B dio> ABCC2 (Z551) 5 Je A THFSE
ICBWTHREZRFEL TORWERTHY . ABCC2 ZAER & L7241k OIFFE DRI
RELEBT DR THDL L ER D, o, ZORRITHE 2 ETH L TABCC2 73
SRHEREL BT 5 FEREMEN IO RE LD THLEZ2 BN, L
MU S, BRI 2 59 5 RE/ICB VT ABCC2 (X BtR175 LV $13%
NI T2y (Fig. 11and 18) . Cry #k & DM AANEM OREL R /8T A — 2 —
Ka. KofHE(Z BtR175 & BmABCC2 DRI THIfF L7 X 9 e R&E BT 0Tz, ZDJR
[l& LT, BtR175. BmABCC2 & (2, 1:1binding TIXiHli C& 72K 9 i A%
(BtR175 Tl avidity, BmABCC2 TI3 G MHAIN RS 5 EHE 2 ERICE ISl
RPFRASNT) % CrylA mHRITx L TRO AR Z B oY 7 7 20RO 1B T 5

T LM TET(Fig. 48), Z DB 21T, RIEWHOHP T LnZeWnicw, 4. Avidity
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JE~DFF A A 72 < 1:1 binding &7 /L3S S D 2 & AR S 415D APN O SPR fifdT %
TV, ZORER LT DL Z2IX0DE LT, BRDEO0ORTHT 2D 5 Z &
LT, AGIRIEICOWTRETT 2L ERH D, £72. BmMABCC2 DAMifastL—7" 1 %0
MBS — 7 A FEIRIC RS DN DD T 2 BRRIKRZE AR Cry BRZ AR L LTO
FEREZ Ko -5 R 5, BmABCC2 @ Cry mZHAMEME CTH L Z LS N D,

SHENOEREZ Ko T BERRIZOWT SPRFITZAITH 2 & T, HENIZCry TR L D

Fit¥

BREZ RS LR THERDH D, —707, ML —7 1 -ofllflasbL— 7 4 G
BECTERIZ L > TN EEN I 52 &L BB T2,

AMFFERCRIT, CrylA R BEMBEEICS £ TRV KOO8 LW Rz 8
MLz, Zhbix, 5%, CrylA B3RO Z #8272 Cry 734 O#% HAE S O i ]
CBWTRERAEMEZ L LT D EEZOND, EHIT, THUBITRR, Fzic

ABCC2 RN OIGUMED e 2 LI BRICAN e fRRR 248 T 2 FIT L 5 TH A o,
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Eifa2

A2 BT T DI HT2 0 | #AhiEd e THRER 6 NCHBUR 25> 1o, ek n—#
RIESEHOBZRLET, £, MG LOFEEICHTONE LI LHEHEER., &
WEA D H%, REH AR, M E EEIRIC bR BEHOEEZ R L E T, &E
RTHE & TR N WA Y AT LSRN A A WARBE L A T N RS
FEOHRHEEMBITEHOE LR L ET,

HA A HNTZRREZAT O HT2 Y | SRR ) L HBUR 2NN T A
EIBFZERT OB ATATE L 72 & NS HGUR TR PR PRI A AR & O B &
ZLET,

CrylF m3E O/ b N HRAEFR L OPE IS N TE R ) L MBSz iH Y £
L 727 % 3 — K% Juan Luis Jurat-Fuentes [ LIZEH OFE 2R L E T,

T 7 1 AT T )VIIRREE &2 O T R BLE RO ONL D BT AT OIS HTZ Y |
%< O] L EERLEBES 2 W o 72O T A FEEIF ST AR AR RE R TR TR P AR 28
SRR 72 & N RNFSEE D T5 4 . R EIRHIIERT OFIERIE -, £ LT, RaRT
KRFAT A TIINT + N =7 AFREOFEFEIREBR I EHOBEEZR L ET,

B RNAY =L CrydAa Z W ERZXATT HI2H20 ., 2 KeD T &
ExBY F UERLERGUENT JETE 2 AR L fif] (LSRR B = k0 B %
ZLET,

F LT, BIBEDVEIE LOSELW-EX . £ OBRHETERR 5 ZWH. 28

il

ZWoT-. AT AT AREDORELED 2, T b NIFAFERIZ
D E VG2 U E9, BRI A S AT AR DO FREATH D HiEg a1,
/MBS IR, 2R THEE, ZWAEBY £ L, ERTESEHOEEZFE L

£9, £ EWHBT AT AR EORBEIERIZIE, SPRENTZITOICHY . T
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. ZBEEBY E L, EEHOBERLET,

AR I E LOBEEZ W E LD 2 Lo T & o KN EEMICHT-
D TR AETE 2 R RPN 2 T 72 & o To Bl R < Bt OB & R LRI
SHETCWEEEET,
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