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Proteomic analysis of Cry2Aa-
binding proteins and their receptor
function in Spodoptera exigua
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Published: 09 January 2017 The bacterium Bgmllus thuringiensis produces CrysFaI (Cry) proteins that are toxictoa dlversg range of
insects. Transgenic crops that produce Bt Cry proteins are grown worldwide because of theirimproved
resistance to insect pests. Although Bt “pyramid” cotton that produces both Cry1A and Cry2A is
predicted to be more resistant to several lepidopteran pests, including Spodoptera exigua, than plants
that produce Cry1Ac alone, the mechanisms responsible for the toxicity of Cry2Aain S. exigua are not
well understood. We identifed several proteins that bind Cry2Aa (polycalin, V-ATPase subunits A and
B, actin, 4-hydroxybutyrate CoA-transferase [4-HB-CoAT]), and a receptor for activated protein kinase
C (Rack), in S. exigua. Recombinant, expressed versions of these proteins were able to bind the Cry2Aa
toxin in vitro assays. RNA interference gene knockdown of the Se-V-ATPase subunit B signifcantly
decreased the susceptibility of S. exigua larvae to Cry2Aa, whereas knockdown of the other putative
binding proteins did not. Moreover, an in vitro homologous competition assay demonstrated that the
Se-V-ATPase subunit B binds specifcally to the Cry2Aa toxin, suggesting that this protein acts as a
functional receptor of Cry2Aain S. exigua. This the frst Cry2Aa toxin receptor identifed in S. exigua
brush-border membrane vesicles.

e Crystal (Cry) texins pre4uce4by Bacillus thuringiensis (Bt) are a diverse greup of preteins t glt are use< te
centrel abrea< range of insect pests’. \ot enly are Bt cofnpeun-s use4 werldwide as pesticides,but Cry genes
veb een use4 te create transgenic <r'eps wit j en @nce4 resistance te pest insects. «f t e Cry2A swb fainily,
bet ;Cry2Aaand Cry2Ab aveb een successfully incerperate inte plants te preduce transgenic insect-resistant
crops?’, '
In C jina, transgenic Bt cetten expressing t ‘F Cry24b texin @s netb een cetivercialize<. In <entrast, trans-
genic CrylAc cetten, w jic ywas 15t cultivated in 1997, is new grewn en fnere t an 3 iillien jectares in 20154
A<eption of t jis Bt cetten variety as resultedin t e decline of several ifvpertant pest pepulations at t e lan-
scape level in é ina,as well as reductions in t jc application ofb rea4-spectrut insecticides®. \enet seless, t
centinue4 large-scale planting of Bt cetten @s llé“- te new pré leins, including t ¢ evelutien of 1ésistan<e afeng
target pests®” an< 1api< increases in nen-target Eﬂ‘wiptelans an4 lepidepteran pests’ 1. Develeping plants t gt
express Mere t an ene Cry texin ceuld, jewever,D of ; delay insect 1esistance te Bt creps an4 increase t e target
pest spectruin'?!3, For exafple, tfransgenic plants t gt expressb ot 1CrylA<an4 Cry24b texin weul4b e expecte
teb e Muc ;M ere resistant te lepidepteran pests, especially t Leb eetaiivyweri Spodoptera exigua®'“.

S. exigua (Hib ner; Lepideptera: \e<tuidae) isa polyp pgeus insect t @t s netb een a signi <ant crep
pest in C jina for seie titne!!. However,b ecause of t e recent reduction in pesticide usage in <etten elds, an4
b ecause it 1s insensitive te CrylAc, t 1eb eet artnywert @as enceagainb ecefve a ajer econeivic pest of cotten
in C jina®!® 7. Alt %ug jsefve studies suggest t jat S. exigua is less sensitive te Cry2Aab t gn te CrylB, CrylC
o1 of je1 toxins'®!®, Bt creps preducingb ot ; CrylAcan4 Cry2Aab (Cry24b in't ¢ <ase of ceften) are predicted
teb e there resistant te S. exigua, an4 several] ot ie1 lepidepteran pests, t an t j@se currently cultivated in C jina
w jic ; preuce enly CrylAc>152 22, Hewever, except for ca+ erin®, little is knewn ab eut t {¢ reccpter prefeins
t ptiediate t e texicity of t e Cry2A sib faiily of preteinsin t i€ Lepideptera.

In t jis paper, we present t i€ rst analysis of Cry2Aa recepter preteins in S. exiguab rus K'b order Metd rane
vesicles (BBM ). Because t e Cry2Aa prefein s 87% sequence joinelegy wit Cry24b, an4 sitilar texicity
teb ot 3! g Lepidoptera an< Diptera, we < jose Cry2Aa te represent t e Cry2A s famnily?»% In a4itien, an4
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Figure 1. Results of 2DE analysis of solubilized S. exigua BBMV proteins and ligand blotting with an anti-
Cry2Aaantibody. (a) S. exigua BBM |, preteins (100 ug) separate4by 2DE, Marker pesitiens are indicates

ent ele of t egel.  epH3 10} Gks‘trip use for iseelectric fecusing is s pwnat t l?b ottei. (b) S. exigua
Cry2Aabin4ing preteinsare t ic spets nuid ere< 1 te 7; spet pesitiens cerrespen- te t jose in Fig. 1a.

1 gi 327082384 32.7 4.48 pelycalin Trichoplusia ni

2 gi 327082384 327 4.48 pelycalin Trichoplusia ni

3 gi 401323 68.46 5.14 ;type AR ase stbunit A Nasonia vitripennis
4 gi 401326 55.1 5.26 sfype AR ase stbunit B Helicoverpa armigera
5 gi 157111829 419 5.29 ) Actin Aedes aegypti

6 gi 389613607 51.1 8.33 4- ly’-ux)b utyrate CeA-transferase Papilio xuthus

7 gi 328670883 36.4 7.64 | Bgcepter foractivated pretein kinase C | Helicoverpa armigera

Table 1. Summary of Cry2Aa-binding proteins identi ed in S. exigua BBMVs based on the NCBI database
and using Mascot2.2so ware.* \umb ers cerrespen te t jose in Fig. 1.} reteinsin t © \CBI atab ase for
w gc Lsigni cant peptide Mass fafc jes o1 sequence sitvilarity were availdb le.

pessb ly ™ere itnpertant, t g puri e texin (purity > 98%) is enly cefviercially availdb le for Cry2Aa at present.

e geal of t yis study was te identify Cry2Aab inding preteins in S. exigua BBM s using twe-4itnensien gel elec-
trep jeresis (2DE) an4 LC-MS (liquid < jefNategiap jy-iass spectreietry)/MS fec jniques. e utility of using
suc ja <ei*binatien of preteinb indingassaysan4 p \A interference te analyze t f¢ recepter functien ofb inding
preteins isalse evaluated an< discusse<.

Results

Binding of Cry2Aa to S. exigua BBMVS. } reteins of S. exigua BBM s were sepatate4by 2DE an- silver
staine4 (Fig. 1a).} reteins ranging in size fre#™ 10kDa te 130kDa were iselateA using pH 3 10} G stripsan
8% SDS? AGE (se-iut 4e<ecyl sulfate-pelyacrylatnide gel electrep jeresis) gels. Activate4 Cry2Aa texinan<a
pelyclenal antb ey were use te identify speci < preteinsbinding te Cry2Aa. Anantb edy-speci <ity test was
cenductedb efere t ebindingassays te cen 1t at t je Cry2Aa antb o<y recegnizes Cry2Aab ut net CrylAc
(Supplerentary Fig. S1).

Cry2Aab eun4 te seven preteins of apprexitvately 100, 110, 65, 50, 30, 35an4 15kDa (pretein spets nuitd ere
1t peug ;7 in Fig. 1b )Mo t jeb est of our knewledge, t jisis t ¢ 15t evidence t at Cry2Aabin4s te S. exigua
BBM ,preteinsy retein spets were excise4 fref t qe silver-staine4 gelbase< eng %F (pelyvinylidene ueride)
Memb rne signals an4 analyze4by LC-ESI (electrespray ienizatien)-MS/MS. A® er Sear< jing pretein datadbases,
t e pretein spets in t e silver-staine gel Wb le 1) were identi edas pelycalin,  type AR asesbunit A,  type

ase stb unit B, actin, 4- -‘.1'oxyb utyrate CeA-transferase (4-HB-Co M), an4} recepter for activated pretein
kinase C ( E:}ck). Areng t ese 4-HB-Co M an4 E:}ck were net previeusly knewn tebin< te Cry texin.

Cloning and sequence analysis of S. exigua genes encoding Cry2Aa-binding proteins. e
clene4 t i full-lengt L'f Se-polycalin <D ,1\A (GenBank accession ne. K &34093) frof t i€ tidguts of S. exigudy.
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larvae. e 3,339b p epen reading fratve (« §E) encedes a pretein of 1,113 residues wit ja predicted tass of
122kDa. e deduced prefein sequence includesa signal peptide, glycesylp josp gtidylinesitel (Q I)-an< jering
site, J&-glycosylation sitesan4 «-glycesylatien sites (Suppletentary Fig. $2). jylegenetic analysis s jows t at
Se-pelycalin clusters wit ;lepidepteran pely<alin (Suppleentary Fig. S3). Alignient using D rN%MA s¥* ware
inicates t at Se-pelycalin 1?5 jig jest joinelegy wit ;t at of Mamestra con gurataan< Helfcoverpa armigera
(47.0% an- 46.2%, respectively).

S. exigua V-ATPase subunits Aan< B werealse clene4, an4 t ieir sequen<es stb Mitte4 te GenBank (K 4685519
an4 K<685520, respectively).  eir respective <D \As centaine « BEs of 1,848 an 1,482b p, ence<ing 616-
an< 494-aivine aci< prefeins wit j estitvate elecular weig its of 68kDa an4 55kDa. e censerve< 4efains
walker A vetif/ MR binding site, walker B ivetif, \-glycesylatien sites,an< «-glycesylatien sites,are s jown in
Suppletnentary Figs S4an4 S6.4 jylegenetic analysis place4b ot jprefeins in t lepidepteran clade. Hig ;iden-
tity of R ase stb units A an4 B aieng “iverse insect species was detected; %eor exaiple, S. exigua -& ase
st unit A s 95.3% identity wit 1t at of N
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Figure 3. Expression of genes encoding putative S. exigua Cry2Aa-binding proteinsin di erent tissues.
<D \A terplates were derive fref t g feregut (FG), midgut (MG), ljn“-guf (HG), fatb ey (FB), Malpig jian
tb liles (VB), an4 t i€ refain<er ( DR of 4' linstar larvae.  ree indepenent savples were exaivine for 1'el]aﬁve
transcript levels using t 1 2-2A® et 194, a = Se-polycalin,b = Se-V-ATPase subunit A, < = Se-V-ATPase subunit
B, 4=Se-actin, e =Se-4-HB-CoAT, f=Se-Rack. Expressien levels were nertalized te t yose of i reference

genes Se-RpL10an4 Se-GAPDH. Bars wit Lﬂi erent letters inicate P values < 0.05 (A ng Q).

RNA interference knockdown of binding proteins. Cetpare te 4sEGR o1 H,«, larval ingestien
of 4s !;~A5 speci < fort g Se- AR asesibunit A, Se- AR ase sib unit B, Se-actin, Se-4-HB-Ce M, Se- Back,
an4 Se-pelycalin, signi <antly re¥uce4 transcript levels of ¢ fese genesby 46.6%, 36.7%, 39.1%, 45.8%, 45.9% an4
37.4%, respectively (Fig. 4a). Cerrecte inertalities following ingestion of Cry2Aa texin for eac jof t e ab eve
4s ;F treatient greups were 86.4%, 47.9%, 78.9%, 81.1%, 67.7% an< 87.1%, respectively. e fvertality of larvae
fed As B \A speci < for Se- AR ase stb unit B was signi cantly lewer t gnt gt of t fe water or 4sEGR <entrel
greups (Fig. b ).

Production of recombinant peptides and binding assays. Expresse4 peptides were puri e<an4 sep-
arate4by 8% SDS{ AGE gels (Fig. 5a). e results ef an ELISA (enzyfe-linke it\iuneseib ent assay) inicate
tatteSe- AR asestbunit A, Se- AR ase stbunit B, Se-actin, Se-4-HB-CoAH, Se- Backan4t jree partial
fragients of Se-pely<alin,allb eun4 foklryZAa texin (Fig. ).

Dot blot analysis of the Cry2Aareceptorin S. exigua. Base4ent e previeusb ieassays, we cenucte4

Melegeus, cetpetitiveb inding assays te test t je speci city ofb indingb etween Cry2Aa ant je receib inant
Se- AR ase sib unit B peptide. Bindingb etween EIYZAS andt e Se- B ase s unit B peptide was Markedly
reducedat jig et cencentiatiens of un-Tab elle4 Cry2Aa (Fig. 6).

Discussion
«ur results indicate t at S. exigua A& ase sb unit B is asseciated wit ; Cry2Aa texicity. Identifying t jis
nevel putative Cry2Aa recepter is p:ﬁentially <rucial te understanding jow Cry2Aa is texic te lepi<epteran
species. Since M ase was 1st reperte< in Saccharomyces cerevisiae?®, a stb stantial ateunt ef evidence as
derenstrated t at - A& ases, w lic are lecatedin t gd)le'r cell apical et rane an4 rely on AR ‘]-I'OF—
sis te actively puinp t\eir st strates acress Meid 1anes, ate invelve4 in energy preuction an4 cenversien?2,
AR aseint je insect Mvidgut Me-iates pH te create an alkaline envirentent an participates in ien-transpert
processes”. _ﬁm ase up-regulatien sb een foun4 teb e relate< te Cryl Ac resistance in Plodia interpunc-
tellaan4P. xylﬁstella”’“. Alt joug § 11& ase asbeen identi edasa Cry texinbinding pretein in H. virescens
(CrylA<), H. armigera (Cl‘ylgc) an4 0. furnacalis (Cry1Ab )* 3, little is knewn ab eut its functien wit ; regar
te Cry fexins in of jer insects. Interestingly, § g\A silencing of t ¢ A. aegypti AR synt jase s unitb eta increased
larval mertality te Cry texins, w ji< ysuggests't Ff t is pretein is invelve4 in Cry texin resistance®.
e ™e-el propeseby Jurat-Fuentes et al.* pestulates t at t i Cry texinbin4s te ca4 jerinan is t jen
inserte< inte t e cell Mem rane, facilitating interaction of t texin wit y ot ser felecules suc yas -AB ase. In
fact, CrylA<binds te \M ase an4 distub s HY/K* transpert, t Lerfb y destab ilizing pHY. Moreo\kfer, CrylAc
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sb een foun4 te in ;b it ( \a*, K*)-AR ase in Mafials’®Tlwe iain classes of active transperters cetprise
t jeactive transtet*d rane tianspert systeis. Seiuf selute sytperter (SSS) is 4rivenb y preten o1 sediut trans-
tverd rane gradients®, and asb een s @wn teactasa Cry texin recepter’’. Secenaryactive transperters include
AR binding cassette (ABC) preteinsand AR ase,b ot ; of w jic yare AR -depenent electregenic preten
puips t at actively teve stb strates a<ress < m e 1anes. ABC preteins are alse invelved in Cry texicity*! 43
an< eur results suggest t at AR ase interacts wit ; Cry2Aa texin. Hewever, furt er researc<  is require< te
deterfvine w et jer t e AR e stb unit B interacts wit 3 Cry texin ina Manner sitvilar te t at of £ ¢ ABC
transperter. \
«urresults s yow t at Se-Polycalin was ivest jig Jly expressed in t je Midgut oftS%e 3**te 5'tlarval instars of
S. exigua, w jic My pretect t e larval inidgut fref viruses er oxn“-ahve Jatnage*t. Se-V-ATPase subunit B was
test g ly expressed in 1% instal larvae an< a<ults, an4 Se-V-ATPase subunlt A, Se-V-ATPase subunit B, an4
Se-4- I-}B éOAT were Mest jig }7 y expresse< in t e gut an< Malpig qian tb ules, w jic ysuggests t ptt ey tNaybe
invelve4 in energy Metab ohst‘w 2645, Se-Actinan Se-Rack s o ‘f‘ g flanscupf levels in ot jer larval tissues,
per Eipsb ecause t eir prefeins cefprise part of t i€ cytoskeleton e also perferine4 in vitrob inding assays
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Figure 5. Binding of Cry2Aa to recombinant peptides. (a)} esitiens of puri e4, recef* inant peptides

& er staining wit ; Ceeiassie Blue en SDS § AGE gely eptides p4b eenbacterially expressedan< puri e

in a nickel-nitriletriacetic aci< ( #_i A) S nity celutsn. Lanes I te 8are: t € Se- -AR& ase stbunit A, Se- N
AR ase stb unit B, Se-actin, Se-4HB-Ceo Ml Se- pack,an4t g.ee fruncate recemd indnt Se-pelycalin peptides.
(6=peptidel, 7= peptide2, 8 =peptide3). (b) Degree ofb inding, as indicate4by eptical density («D), of
Cry2Aa te i erent Se-peptie fragivents. Se- AR ase stbunit A (M), Se- AR ase sbunit B ( ), Se-actin
(A), Se-4-HB-Co M (%), Se- Back (0), Se—polycglin peptidel (&), Se—polycaﬁ&w peptide2 (W) an4 Se-pelycalin
peptide3 (@).

biotinylated-CryZAa
SeV-ATPase Subunit B

Toxmratio 1:0 1:50 1:500

Figure 6. Results of homologous competitive binding assay of recombinant Se-V-ATPase subunit B
peptide to Cry2Aatoxin. eig jf 1aties of 1:0, 1:50 an4 1:500 of unlab ele4 Cry2Aa texin were use< te ceipete
wit 3t e Se- ;\m ase stb uMB inbining teb ietinylate4-Cry2Aa.

were everlai< en 8% SDS¢ AGE gels for clectrop jeresis. e separate4 preteins were eit e staine< or transferre<
te pelyvinylidene 4i ueride § DF)ierd ranes.

After preteins @4b een transferre< teg  DF ferb 1anes, t e Metd ranes wereb lecke ing BI b uffer
(1350M \aCl, 2t M KCI, 1008 M ﬁ‘zﬂ -, i\7 "M KH} «,, Oﬁ%ﬂween-ZO, pH 7.5) centaining 5% (w/v)
skift Pf‘vilkl or2 it en incbated wit ;0.3 pg/ilactivated Cry2Aa (EnvireLegix In<.,§ ertlan<, ME, k§A) in
bleckingb, er tkor 2 jat reeM teMperature. e Mefb ranes were was e ing BEIbL, er t %}‘ee fifives, t jen
incbated for 2 j wit ja pelyclenal antb ey against Cry2Aa (diluted 1:13,500; Genscript Bielegy Cefpany,
Jerving, C jina). l&' er was jingasab eve, t je e ranes were inctbated wit ja geatanti-1abbit IgG jerserais
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perexidase (H B,)-linke antb o4y (dilute4 1:5,000). A* er nal was s, t 1 Mefd 1anes were develepe wit jan
ECL < jemnilutinescence detection kit (Ferfentas/ erfe Fis fer Scienti <, alt B, MA, L§A) fellowing t i
manufacturer’s recef™ien<atiens. .

Mass spectrometry. A= erbletting,areas n t e gel were excisedaccerding te t DF i™etb rane signals
an4 destaine< wit ; destaining selutien (30% acetenitrile/100 ™M J~H4HC43). Eac Lgel sa?i\.ple was t en stb ject
tea series of precesses, incluing inctb atien wit 3 1008 M at™56 *°C fer 30M inutes, treattent wit ; 200 M
indele-3-aceticaci4 (JAA) & er refeval of t 1¢ supernatant, an inctb atien wit ; 100MM \H,HC<;. e liquid
was refeve<, an4 100% a<etenitrile was a4de for 5Siinutes. e saiples were freeze-4rie*b efereb eing sib ject
te trypsin digestion for 24 jeursat 37°C, t jen analyzed using liqui4 < yeiategiap jy-clectrespiay ienizatien
tanei™ Mass spectrefetry %LC-ESI-MS/MS att S png pi Life Science fgsearc jInstitute, C jinese Acadefvy
of Sciences, S gng i, C fina.  eafvine aci4 sequence results were cefvpared wit jfjeseint e J\CBI “atdbase
using Mascet2.2 sw* ware.

Gene cloning and sequence analysis. Tetal  \A was iselate< fref t e tnidguts of actively feeding 44
instar S. exigua larvae using t je § \Aise reagent®aKa £y, Dalian, C jina) &= er centafvinating genetvic D \A a4
15tb een elitvinated wit ; § gase-free D Jase. e} & preparatien was sib ject te reverse transcription wit 3t
? ritveScripfM T reagent Kit @ Ka Bg, ﬂna),accor ingfe t #anufacturer’s instructiensyg artial Se-polycalin,
Se-V-ATPase subunit A, Se-V-ATPase subunit B an4 Se-4-hydroxybutyrate CoA-transferase <D \A sequenc<es were
& taine freiny ref. Fei Li (, jejiang tyaiversi’ry). A stvart BACE (1rapis atpli catien of < en4s) <D
ampli catien kit (Clentec l':'ﬂa%{a 33 Bie In<., Dalian, C jina) was used te amplify full-lengt ; target genes fraf
S. exigua larvae for w jic ; pairs of gene-speci < prifvers were “esigne usingg rifwer 5.0 sb* warebase en t
partial sequences (Suppletentaryllibles S1 S5). & C}§ preducts were stb clene4 inte t 18 MD (18T vecter
Whakara, Dalian, C jina) an4 sequence4by t 1% 'ijing Genscript Cetpany, C jina. ~ eresultant sequences were
stb Mvitte te GenBank.

Full-lengt ;<D \s were stb jecte teb ieinfertatic analysis usingan « J§ ner toel ( jftp://www.ndinl,
ni pgev/gerf/gerf. All‘rrﬂl). Sequence alignient was perfertne< using D J\AMA '*sv' ware, ar\l“l P jylegeneticanal-
ysis was perferie using MEGA4.052, AMvine aci< sequences fref™ et er spécies were use te censtructa p }{-
legenetic tree (Suppledventaryliib le S8). De4uce4 pretein sequences were & taine4 using t j¢ E¥ ASy translate
teeMMianslate ( jttp://we .expasy.erg/translate/) fref t 1 Swiss Institute of Bisinferfatics. \-terfninal signal
peptides were predicted using t e Signad 4.0 server ( itp://www.d s.dtu.4k/services/Signal 7). e Q 1ive4-
i catien site prediction server Oigg I3 redicter: gfp://i“wen"-el.iii"wp.ac.af/saf/gpi/gpi server. il was use< te
predict @ I-anc jor signal sequencesan4 @ Tanc jering sites. e presence of \-an4 «-glycesylatien sites in
predicted pretein sequences was assesse< using \et \Gly< 1.0 ( lftp://www.d) s.4tu.4dk/services/ J&e'r J\Glyc/) an4
)Ne’rl Gly< 4.0 ( ﬂ’rp://www.cb s.4tu.4k/services/ ']Nefl ly</), respectively.

Production of recombinant S. exigua proteins and microtiter plate binding assays. A et o4
sitvilar te a recently descrb e4 pretecel” was use te pre<uce rece™b inant preteins. Brie y3 C} preucts were
puri edwit ; izar4} Cf reps D \AY uri <atien Systet § refega, Madisen, I, rkiA) an4 dew le digeste
wit LFas’rDi ge‘sf‘ﬁsfricﬁon enzyies (Fertentas, e1fe Fis jer Scienti <, SA) fer inat37°C. e pre<ucts
were ligated inte t ¢ previ eusly digeste< pHil-30a (+) vecter te generate pHl-30a/Se-peptide plasinids. Hewever,
we faile< te & tain a Se-pelycalin fragient using t jis expressien systety,an4 t e pGE<-@ -1 vecter was t jere-
fore use te censtruct t e recet™ inant plasiai< pGLE <-@ -1/Se-pely<alin centaining a His tag (see prifers in
Supplerentaryliab le S1). Se-pely<alin was divide inte t jree fragients cerrespening tebases1 1,113,1,114
2,226an42,227 3,339 of t e Se-pely<alin ce<ing sequence, w jic ; were natved peptidel, peptide2 and peptide3.
Insert sequence an4 erientatien were cen 1#ne4by sequencingby t 1 Genscript Bielegy Cetvpany, lanjing, C jina.
Fer expression, 200 ng of ea< jrecef®d inant plastvid was tl'anst}friﬁe"- inte Escherichia coli strain BL21 (DE3)
WransGen Bietec 4, Inc, Beijing, é ina) an< pesitive clenes were culture4 evernig tat 37°C in LB Me<iuf cen-
taining 50 g/l kanatycin.  jen't edb sebance was 0.5 te 0.8 at 600 ni, pretein expression was induce wit
0.1mM iseprepyl-D-t ljogalacf‘*;‘-e WG) for 6 jat 37°C, wit ; jerizentals gking at2001piy. e E. coli <ells
were arvestedby centrifugatien at 10,000 x g fer 10#Ninat 4°C, & er w jic ypellets were resuspen<ed ina selu-
tien of 20 M se<iut™ p jesp ﬁ“‘fe, 500 M se<iut < jleride, 30 M itvidazelean< 5 M urea (pH 7.4), centaining
1M p jenylitset pnesulfeny ueride § MSF). Ceﬁ's were lysedby senicatien fer 15#in en ice. e pretein
fragiwents wit ja His tag were puri e usinga nickel-nitriletriaceticaci ( \i- JA )& nity celuin (Hillfirap B
celuin, GE Healt jcare Life Sciencesy iscataway, \J, SA)an eluted wit elufingb'i er (20 M seiut p -h.) -
» E{'fe, 500\ M se<hiut < ﬂol*i‘-e, 500r M ifvidazeleans 5 M urea, pH 7.4). e cleave< preteins were refelde<by
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Competitive binding dot blot assay. Activate4 Cry2Aa pretein wasb ietinylated using t je E, -Link
sulp - J\- Arexysuccinifvide ( J~HS) liquid < jefiategiap (LC)b ietinylatien kit § ierce, FL, SA)accerding
te t eManufacturer’s instructions. A et elegeus ceipetitiveb indingassay fer Cry2Aaby S. exigua recetd inant
peptides was t en cenducte4. In tetal, 2|ug of puri e peptidesb eun- te a nitrecellulese e b rane wasb lecke4
ing BY centaining 3% BSA an4 incibate for 3 jwit 0.2 pg/tn1b ietinylated Cry2Aa an4 unladb elle4 texin at
weig it 1aties ef 1:0, 1:50 an4 1:500. Fellewing was jing, streptavidin-H Bk was use te detectb ietinylate< texin
using an ECL ¢ gemvilufvinescence detection kit (Fertwentas/ erte Fis jer Scienti <, alt giy, MA JA), as
descrb e previeusly®. Y

RNA interference knockdown of S. exigua target genes. A et o4 a<apted fret pgn et al.> was
use< te preducea 4s b \A-expressing vecterarget gene fraginents were atnpli- e< frei S, exigua mvidgut <D
using? ritveIWA § [IS pelyerase WaKa fg Bie In<., Dalian, C jina). e preducts were individually <lerie<
inte t je plasti< pH-2" te generate recemd inant pHR /Se-target-gene plastids. pHR /EGFP recetd inant
plasini< preduction of EGR s} \A was use4 te generate t je contrel EGR s} AA%. pgceibinant plastids
were transferre4 inte cet*vpetent E. Coli FI 115 (DE3) <ells. Inividual celenies were culture4at 37 °C in 500#1LB
Pvediut containing 50 g/l kanafvycin, A er reac jingan «D600 of 1.0, t e preduction of 4s § \A was induce4
b yt © additien of 0.4"M PG, an4 t e cultures wereallewe te grew ferana<4itienal 5 jat 37°C. ebacteria
were precipitate4by centrifugatien at 5,000 rpis for 10#in, an 4s b \A was extractedaccerding te t e fvet 104
descrd e4b yliitviens et al.>> an4 Deng et al.>. J&ucleic acids were analyze4 fer apprepriate sizeby 1% agarese
gel electrep jeresis.

'*ewly pte kg‘- larvae were allewe4 te fee< for 48 }af 27°C enan arti cial diet te w jic ;eit s?l 50 pg/cin?
Se-target genes, EGR 4s § \A, o1 water, p4beenadded elarvae weret gen transferred te t e wells ofa 6-well
plate w ere t ey were allewe4 te centinue feeding for 7 daysat 27 °C. Eac  well centaine4 5il of arti cial diet
plus eit er 2.6 pg/<i?activate4 Cry2Aa texin (equivalent te t 1 LC,o value -{'efelrx‘\ine-‘-b ya pilet study), er water
(t 15 centrel). Five replicates were cenducte wit 12 tetal of 120 larvae in ea< jfreativent.

gPCR assay. M jee groups of satples were prepares, including different tissues, develepivental stages
and 4s B \A treativent greups (t jree replicates for eac kt1'eathenfﬁ uantitative real-titef C} (@ C})was
use4 te theasure &, erences in gene expressienb etween tissues, develepivental stages an< 4s p \A treatient
greups. @ C | prifvers were designed using t ¢ \CBI prefile server ( ttp://www.nd i.nlk.ni pgev/teels/
pritverb last) (Suppletnentarylilb les S1 S5). S. exiglia RpL10 an4 GAPDH were use4 as internal referen<e genes
(Suppletventarylilab le $6)°7. e follewing stan<a1< @ C} pretecel was use<: denaturatien at 95°C fer 30s,
folleweby 40 cycles of 95°C for 105 an4 59°C for 30s. All @ C} satwples were run in triplicate using B § ,
? refnix Edaq™ TaKa b3) an a Bie- p34 Detectior@® 2 Systei. Melting curve analysis frei 55 te 95°C
perfertied te deferiine t e speci city of t 1 @ C} pritversTle 4etertvine t e ciency of ¢ 3 C} pritvers,
a 5-fel< dilutien series of secen4-instar larval <D \A cerrespen<ing te 1 g tetal § \A was use4 te preuce a
standar4 curve (<D \A <cencentiatien vs. Ct) wit F&tiencies calculate< fref t e slepe using linear regressien.

ecerrespening § B3 C bk ciencies were calculatedaccerding te t e equation: E= (101/slere, — 1)*100%8
(Supplerentarylliab le S7).

Dataanalysis. @ uantitative expressien 4ata wereanalyze4 using t l; 2744 et 94, Cerrected larval fer-
talities were calculated using Abb ott’s fertula®). Means an4 variances of treatfents were analyze4 wit jene-way
A']&l Adirpleiventedin § SSfer  indews (§ SS18.0, C jicage, IL, L§A).

\ .
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