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BinA waz BinB vJu binary toxin findnan Lysinibacillus sphaericus @111350%11974
$aiulunissingnings Taeduifu receptor Vinandeynsamizvasgningwiliigningsmeld @
mMsAnwIneuntnlainsAnulAssas1eveslusiy BinB wuanusaUany N-terminal Hlasadnsg
fianunsaduiuanslulewnsn (carbohydrate binding protein) wagnisdnuuats C- terminal wu3n
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flassasrendne toxin 3nailaniledsildodn aerolysin deansnsasinleadiindugiale (pore
forming toxins) 9MnTAS3a51904 binary toxin AiflAruAd1efU toxin nanevilafivinlfwadves
Wadenunaiansuanls anggidedsliinismaaeulszansnmues binary toxin Aeleadou
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flu receptor Uuwaé@iaqﬂmwwzmmimaﬂqﬂﬁw
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ABSTRACT

Binary toxin produced by Lysinibacillus sphaericus is a larvicidal toxin that consists
of BinA (42 kDa) and BinB (51 kDa) proteins. BinA and BinB proteins are function together
which are highly toxic to Culex and Anopheles mosquito larvae. BinA is proposed to
function as a toxic subunit while BinB is responsible for a receptor binding and translocation
domain. N-terminal domain is carbohydrate binding protein and C-terminal domain is similar
to aerolysin which is pore-forming toxin. This study aims to clarify the cytotoxicity of Binary
toxin on several types of cells such as human red blood cells, bacterial cells. Both BinA
and BinB showed no hemolytic on human red blood cells and anti-bacterial activity with
gram positive and negative bacteria. Moreover, this study investigated the role of tyrosine
and phenylalanine which were replaced with alanine using site-directed mutagenesis. BinB
mutants Y53A, Y72A ey Y111A showed reduced toxicity when compared with wild type
protein. Also, the receptor binding assay was performed by immunohistochemistry assay.
BinB mutants Y53A, Y72A uag Y111A reduced receptor binding signal on microvilli of midgult
larvae. Thus, this is possible that tyrosine at the position of 53, 72 and 111 are important

for receptor binding.

Keywords: Lysinibacillus sphaericus; Binary toxin; receptor binding, toxicity
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1.1 anudunuazarudiagvastdym

83 (Mosquitoes) unuasuIadniidnagana Diptera Tuaed Culicidae vilaniigsas

Y 9 Y

Uszanay 3,450 vila anansanulamlanudagnuinnluunseulaziunaugu waznululsendlny

Ayo ~ °

Uszanas 412 wile gaiidnuasiinnuddgmanisunndlagdining 1 ¢ aneiug esangsans
v"v’uéméwiﬂuwmzﬁﬂmamsiamgjﬂu oA gefutaes (Anopheles spp.) iunmedrAeyiilsa
1gUnselsalduiansy (Malaria) gaane (Aedes spp.) Wunimziilsaldidansen (Dengue
Haemorrhagic Fever) uas@inuAuen (Chikungunya) 8951018y (Culex spp.) Llumuzddginlsa
Idanasdniau (Encephalitis) wazvesaeide (Mansonia) Wuninginlsawings (Filariasis)
domnussmalveiinfionawuuieutu Sumneausomaunsiuguesys vliuszannsvesgs
flyne wardasnsunsnszaevesydiuinasn Jagtuusamalnenutlamuesnisifnleaiiun
ngudunve udymdidynisinuaisisaauesussineg uammnﬁé’uﬂuﬂmmmﬁm
asnsaguueslandnsng Falnnsiaunisasane eldlunismuguuszainsganazannis
wnsnsza18vInIuztilen lnsdnieuldansiedl 1wy dichlorodiphenyltrichloroethane (DDT),
gamma-xane, malathion waz chlordane ot neangnsliisuazitunaviuiiuadldasiailly
szpvpmvdmadeliinnsiosvesgdeansied wuhanadnndavaueglusssunndady
Sunmesouyuduaradidindu 1 1§ Wneiamsazauluvasldomns fafudsldfineimuiniani
a13%nm (Biological compounds) fianansneenguidsingningsldanlimauny luilagtulddinng
famslsiuresiuafiSefianansaeengmishgmirgdldegnssime lnssengudmindune
vosmmfregnigs fnuldnuundaidaily Fafunisdmasdinvesgsiouiiduiu lnens
THuuaitiBetanuannsolumsasalusiuiieanguisngmingsld 1w Bacillus thuringiensis
subsp. israelensis war Lysinibacillus sphaericus Baiinsldfusgianirswinddeglldamanssny
souywduazduanden uiteduiufnulusiuarsfiviindnainuuaiiGe Lysinibacillus
sphaericus FadunuaiFounsuuanglunia (rod shape) annsnadavosly lnsavesfiadisiu
wayiivasaaueead (38091 terminal spore dmusioguvniigs ansieiluazuassanslleian
wazgansnasegliidunaiuiu liawnsondndestiinanardsadinldlagodeoandiay
(Aerobic bacteria) szuzai1eaves (sporulation phase) Jaziinsadrawdnlusiu Binary toxin

a

(Bin) ten iUl szansnannsidasiinandlaannuuaiitsy Lysinibacillus sphaericus Tu
nsAuANUsEYINIEIRazindngniedlaagedinne Tnedgnadumzluniseigninganeiuges
3718y (Culex spp.) kazganulaes (Anopheles spp.) WsAuviailusenauniulusiu 2 viad

MauTAuAelUsAY BinA fvuie 42 kDa Wudiunavaussannuduie (Toxin subunit) Wag
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BinB fvw1n 51 kDa tudiufinevaussnonisdudiniziuimineusursasadilimvune (Specific
receptor) UURIaANTEIN13Y03gNU1ee (midgut epithelial membrane) Jagdudslasinign
Tsiuansiwilunwauuszdnsamlunisidngniiegs ieanduiuyseynsgs e nlysiu
ansiwannuwuaselludinansenunedawinasy wadeideanalunisidaugdadninuamule
seezIatdu Mlieengmialalussevduuasiiosannisesngnsseaenugvedeogednneyinli
dy 1 =] 1 %:1 a dy v 1 1 @ =1 a v 1 1
wun1sfeesiansiElusAusingningsulinila uredralsfinunisldlusivansiivdlaiwnsvany
o oA a A T < A a v AN v o oA v a
1ndnLesanmsidlusiuansiiwliiiunasiasmiiouansannusgasedl seduiialminnig
WuUsEansnnuazniseengnsvedlusiuaisiulingdu iveeaulafinwdinisiauves
LUsfu Binary toxin lnglanzegadedayaniwnulaswaiawazaiuuaensiesaisaiou’ ey
Joyalunsiamuilusivansitg ibenunsaaussseadulduridmsuniseuauyszyinsg
A
¢ g Jaw & A ¢ ° = a a A o
NNsAnwATIITTngUIzasAieAnwmnsvinuvedlusivasivetialuuisandey

WBalAsaa519aunAve9lUSAY BinA kay BinB H9lASIa519909719809 USAUTIAINUAAIEARIN ULA
agalsimsvimihiluusnandanudAyddiiideyauinin nsnwiassliielilddiuiiani
gilanudrfgdoniseangnsaigniies lngAnwisuniinsneziilunainitaziinnud1Aayse
Usgansnnlunisengnunes wu n153uiiu receptor vuiawangniigs ieanunsadiausluly
Tun1siauusednsninvesiadugdeunsaiinnuiidiswidayminisiesfinduainnsid
Iﬂiﬁu@hqml"]qﬂmﬁmﬁLi“jJuL’Jmmulﬁuazmmmﬁﬁwuﬂﬂsﬁumsﬁiﬂmstﬁ]ﬁﬂUi'mﬁ’u toxin
o A vy A a ' H yaa X g o A a X P
Adulvitiuseansnnlunisengniiegddafgedu wenaniiinlusiuaisiivinaaeunissnuaing

Uaendensennuduiviewaddus Nldlvwadidmanednaie

1.2 TUITaIAYaINIIIRY

Anwanuddvosnsnoziluriineglsufin tyrosine voslushuansfinv BinB dennseangws
621"]@?113’]84& Culex quinquefasciatus Iﬂﬁlﬁf&lqﬂizaﬂﬁﬁﬂﬁ

1) ioadslusiunaneiudvmiiiumisvosnsnesilusinoglsnin

2) Wefnwauduiivvesdusiu binary toxin selgadang 9 uenanaditmuie

1%
o

3) WeAnwiAmuaunIalunsTuiumneusuLuiIwadgnu1s Culex quinquefasciatus

1.3 Uszleviifianainazldsu

1. ansadudunsvimihivestusiu BinB fiusias N-terminal binding dormain ‘Iéf

2. ansaiauUssansnmvesiataalusivansiy eiiuussansannnsvhausiniuves
BinA wa BinB wazdmhedlesiunisiesvesgningsainnislilushuansiuseluls

3. gnunsndudunansevuvedlusiudsewadous Aldldwadidmngla
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lassmdelfnwunumvensneviluyineglsundnlulaseasisvedlusiu BinB lagns
asalusAunaneiuglagls site-directed mutagenesis Lalg1tan1svinauveslysiuan siwen
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2.1 Lysinibacillus sphaericus
2.1.1 ﬂ?ﬁuiﬁ"ﬁmﬁ'ﬂ?ﬁu Lysinibacillus sphaericus

) Lysinibacillus sphaericus  \JukuafiiounsuuIn JUvou (rod shape) @1unsaasg
alaslé nvavasfiarsiuavegiivaranvenead 3unih terminal spore amnsnnulditaluly
P wazauwnaninsssned ldanunsadestiimalduarisiinlnsenfuoendiau (Aerobic
bacteria) uupii3sadniwuldvlulufuuazih WuueiiBedtauannsondnasiiviugures
Tusiufidiquisingnungslél 2 ndu nqudl 1 Ao Mosquitocidal toxins wialusiu Mtx o1autsld 3
BlaAe Mitx1, Mtx2 hay Mtx3 (Shi et al,, 2003) Wanluszezn151a39y (vegetative phase) LAy
gngesmeieulullusieailotngszozaiaatas(sporulation phase) ngud 2 #o Binary toxin
(Bin) Wundnlusiuiinantuluszevadreaues (sporulation phase) wanshunand 2.1 (Charles et
al., 1996) IngTusiuisanssiineangrisunzsegsanetusansinfu Lysinibacillus sphaericus
FunilduwvaiiZefiiuldiduastinmlunsidauadifunnedilsadiie 4 luandeuty
W Yspanse tsawinde lsaldidensen enisiauiuseaniainnisldaisdanmdladain

WUATILSY Lysinibacillus sphaericus Tun1saiurudssunsysasindngnuigalnagiadnnig Tud

Y

A.A. 2006 MeuLNeIAn1TeUINElantiALugiinga Lysinibacillus sphaericus @nunsatinlulalu

o

n3fMdngnugs Culex quinquefasciatus Tuwnasidsmiluiianysnuseunundelaiduegne

9

n1539edgadufnuilusfuansiiv Binary toxin tlesandundnlusfunianumuse

o

anmuwandeulaand TUsAu Binary toxin gnadunizlunisangnuingaaneiugeasiangy (Culex

al

spp.wazganuldas (Anopheles spp.) WsAuviatiusenauniglusiu 2 vlianvinausiuiupe
1UsAY BinA flvuia 42 kDa Wudruneuausssonnudufinv (Toxin subunit) wag BinB Avun
51 kDa \Judruiinevausinenisdudimngiuiineusuvevadilivune (Specific receptor) Uy

AugadnIEnnzuagniigs (midgut epithelial membrane) (Porter et al., 1993)



Bacillus sphaericus

2o

AINA 2.1 INE18IINNEDI9aNIIAUBLENATEULU VDK1Y (Transmission electron
microscopy) 983kUANLSE Lysinibacillus sphaericus Niin1sasiawaniusau (crystal) Tussozind

msassaves FanegluussyielusAuiduiiviegnines

2.1.2 Wshuansiwyiialuun3 Binary toxin

1nN15ANYIlATIASI9IUSAY Binary toxin Wuindiaanue1 sz 100 A wazdiduniu
AugnateUsEa 25-30 A (Porter et al., 1993) a1nn1siasieilassaievelusiuy binary faeg
wadaTa@nd (biophysical techniques) WulUsAU binary toxin ddnwagiuenivelsinng
w3 (heterotetramer) Usenaumae BinA 2 Tuiana wae BinB 2 Taana (Smith et al., 2005) lng
BinA Usgnaudie 2 Tawmufe N-terminal domain (NTD) #stiagidudiufianunsadhdusu Bing
uag C-terminal domain (CTD) faudAnysianisaangndsingniings (toxic action) laeg CTD
wUadu 3 diudes e B-Sheet, Transmembrane wag B-sandwich Fanandunind 2.2 (Yuan
et al,, 2001) WA¥AINNITILATITRLATIASI99DY BinA Ar8nAlla X-ray crystallography Tungn
S9UAY BinB wuI1lUsAU BinA Usgnaunly B-strand 49.3% uag a-helix 3.1% (Hire et al.,
2009) TuTU 5y BinB Usznaufie 37% B-sheet Tau1nnin d-helix Ao giiies 7%
(Tangsongcharoen et al., 2011) TUsfu BinB wusoenidu 2 domain Ae N-terminal domain
(NTD) wag C-terminal domain(CTD) Tae NTD 13u31nnsaeedlu Threonine 19 (Thr19) auds
Alanine 200 (Ala200) Usznaulassairadusunsanan fdnuaueidu B-trefoil fold iUszneuly
A28 3 motif oA Alpha () , Beta (B) waz Gamma (y) Faanslunindl 2.2 U3 N-terminal
domain (NTD) 984 BinB fimuddylunisduiufnouiuuuiineadnssimegnings dawuiin
Fruvuveslasiad1alusiu BinB azUsznoulusie Wuszladalud (disulfide- bridge) fiLday
sywinansmezilu Cysteine 67 way Cysteine 161 Fewusyladaludtimiilunsinuilasiadng
Tflauudaunss wagdlidudaglilusiu BinB veusiuiu BinA Tunisuansanulufivdneie
(F3a93an1iy, 2018) lassaiivauiinveslusiu BinA uag BinB fimuAd1eAS I ULATIATNT
ety Taelusiu BinB azstmifiduagrsdunizfufmeusvuuiineadnszimizgning
(Receptor binding subunit) @31 BinA vuntihfiAafuainadufie (toxic subunit) Fofusitenis

Muee19Uszansnmazly BinA way BinB vinvthiisiuduludagdiuiitvindulunisesngnsnidn

antnes (Charles et al., 1996)
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31nlaseas19vealUsiy BinB d9u N-terminal domain fid1dunsaeziilungy
Aromatic Fsfinsaeziilu 3 wiia loun Tyrosine, Phenylalanine uay Tryptophan flagidugiuau

o w

wn Fallaudrdglunisduiuiudneusuegsdunisuuiiwadnszimizgniuigs 1edain

a a

nsnozdlufil Aromatic ring 9¥%1A15UN K1Y lipid membrane 1151AALTU357 (Pore
formation) Tiievuisadnszimizgniings uaztinlugnismeveavesgniings (Singkhamanan et
al,, 2009)

N-terminal domain Uﬂﬂqulﬂﬁ’mﬂimasmu Threonine 19 (Thr19) - Alanine 200
(Ala200) iszneulassadradugunsnan Tag N-terminal domain Hufidnuasdu B-trefoil
fold fiusznaulude 3 motif léud Alpha (), Beta ( B) wag Gamma (1) dauudnsuuLae
Usznoulusie Wuseladaluls (disulfide bridge) Mideusewinansnozdilu Cysteine 67 (Cys67)
waz Cysteine 161 (Cys161) %aﬁuﬁﬂm%’aw&ﬁgﬂLaua';'flﬁﬁﬁﬂﬁiumi%’ﬂwﬂmm%ﬁﬂﬁﬁm’m
wfause uazdmululassadrveslusavansiivedn Aerolysin #a8 uenanilaiinisAnwmuin
nsmagdilu Cysteine Adrudelilusiu BinB vinaulunsuansmnuduiwdnee

C-terminal domain isuseninielutsenaulumensaasiilu Proline 226 (Pro226) -
Threonine 407 (Thrd07) tnesuvedtasiadiausenauluseans B Ussunns 39% Ssvatanedl
Snwarsnuardadnludnddy venanissszneuludendureseslanindeusoogsenin g-
sheet k@ Amphipathic loop sausanunsnesiily serine uaz threonine sgawrutAuLAITes
domain Fednwaziinudenadrndudnwasiinuldlulusiuansfiv Aerolysin B-PFTs (Pore

forming toxins) (Srisucharitpanit K., et al., 2014;)

b Trefoil A Trefoil B
§ b
g a
H g
3 |t 4
SC y 5
L 2
2
c
I,
= "y ol
g g J.sr_,-_!iﬁ,‘;/ )
M7 1ot LA~ Aoy

E e o ).,/ §

Barmrels
e

W Hopropeptice
B Trofil-baral
B Tratcil-cap
W insodions

il 2.2 Taseadravedlusiu BinA way BinB Usznauludie 2 Tawm Téun N-terminal domain
(NTD)uag C-terminal domain (CTD) e CTD wualu 3 diudes Aa B-Sheet @le7) USieu
Transmembrane (F1d83) wag B-sandwich  @wnq) waz NTD laseasrndugunsenay &

Fnuandu B-trefoil fold fiuszneuluse 3 motif léuwd Alpha () , Beta (B) wae Gamma (y)



2.1.3 nalnnsaangw3vas Binary toxin

Tusfiu BinA uae BinB fignad1stnilu L. sphaericus egluzufisslindouinnudeioun
Uszanal 42 uag 51 kDa awadiu anmsneassnszdulilsiuasiveeluguivhaulslunaen
yanossouluinnnssmzgmirgimudt BinA uar BinB  luanmiindeuineiuasiivunn
Uszaad 39 Lay 43 kDa aua1eu (Baumann et al., 1987; Nielsen-Leroux and Charles, 1992)
1&397n BinA uaz BinB egluanimiindeuazinauudd BinB azludufu receptor udrdainms
internalize 11 BinA Way/%3e BinB L‘ﬁﬂgj midgut cells 1ny receptor-mediated endocytosis
(Davidson, 1988) waxaNFNWINIeEL immunohistochemistry WU39Ta BinA LAY BinB @anse
g epithelium gut cells 83 C. quinquefasciatus 16 (Silva-Filha and Peixoto, 2003) i
wé’ﬂgwu%%’mﬂ alpha-glucosidase Iuﬂssmwsqﬂﬂf’]quﬂu receptor 94 binary toxin an Culex
pipiens (Cpm1), C. quinquefasciatus (Cgm1) wag Anopheles gambiae (Agm3) ntudl
nsfnelaenislaau receptor Cpm1 Tu Madin-Darby Canino Kidney (MDCK) wagzi@iu binary
toxin Wu@NsavinligaaLAnn1s permeability U909 plasma membrane wagAININAAIINATT
as9s¥h entulafnmadsuuiasdumeluead (Cokmus et al, 1997; Opota et al, 2011;
Pauchet et al,, 2005) wena1nij binary toxin gaanansaviliiinguu planar lipid bilayer uag
large unilamellar phospholipid vesicles (LUVs) Tagliifnsefy receptor (Schwartz et al,
2001) NMSANWIFONITINUIT BiNB HAua1unsalunIsunsnaiu lipid membrane WaLAANS
Lﬂﬁauuﬂaﬂgﬂiwqmaﬂihﬁuﬁﬁ BinAlay BinB Tu lipid membrane (Boonserm et al,, 2006;
Surya etaL,2016)awnw@ﬂﬂﬁﬁﬁﬁwumﬁaﬂwmi1bnunytoxw1ﬂﬂaza§mgéduuﬁarnenﬂyanelﬁ
wilifmdnguusngimininginihlieaduan  Fadeldin madassafufiodunini  toxic
subunit 139 BinA 1ihdlwad aenndeaiulassaiiaveddusiu BinA way BinB findnelusiuaineg
findu Aerolysin ndmIntumadasAansuBeuuamaiegns Wy 1An vacuoles 1u
cytoplasm, mitochondria swelling &g 1fiaN1svha1e microvilli - authlugnszuiuns
apoptosis (Silva-Filha and Peixoto, 2003) usigalsifiteyaatiuayuin BinA uaz/v3e BinB 1l
yhsumuAsuulandesudnszuaumslussduadauihlugnisnevessad  andeyafingm
wndeduasiiuindunounsesngrisves binary toxin Wunszurumsiidudounazsilinsunaln
fuvdn esanlassairsiindronderiuveslsiu BinAB fu aerolysin uandlifiuinenaasissi

Tunalniimaneiu



unil 3
52 aud5Y
3.1 M3afa plasmid lagldyn GeneET Plasmid MiniprepKit
11 single colony 911 master plate undsslu LB Broth il 50 ug kanamycin U3u1ns
4 ml Usn¥edl incubator shaker 37°C 200 rpm (fuiian 16-18 42lua dunm LB Broth Ay

wanedenI1sin1saseyAvlnvesuailte LiadanuaissUsuinsasisay 1 mlaslu

o

microcentrifuge tube tlUduwissdi 6000 rpm iy 2 WA Ngaunglivies v pellet 13 uda
g supernatant AUNNA i P1 buffer (Resuspend solution) finas RNase W& U3u1ns
250 pl wazilu vortex #3e pipetting W@ P2 buffer (Lysis solution) 250 pl Wag#1n1s mix
a8 inverting 4-6 A% 1Bu N3 buffer (Neutralize solution) 350 ul wazsins mix Iag inverting
a-6 pa (Y13 vortex LHnYIn) it Tus o 12,000 rpm 5 U9l aeUszana 700 ul U893
supernatant aslu column wazdum3esdi 12,000 rpm waw 1 wAd ﬁwmmmﬁagﬂimaiu
collection tube (Maaﬂéfma'wqw) Ly Wash Solution 500 pl wartluwieai 12,000 rpm w1u 1
U9 ﬁywaqmmlﬂ LU Wash solution 500 pl ﬂwlﬂﬂum%mﬁ' 12,000 rpm U1U 1 Y19 LLazﬁa
gaamadld (1 2 a%a) Juwdesdi 12,000 rpm WK 1 W ntunon collection tube (Maas
AIUA1IER) fisly wazasuien microcentrifuge tube w1 ldwnu duindu 50 ul asly column

vy
a

wanald 2 wnit s luusies 12,000 rpm WU 2 Wl Lﬁuwmaﬁmﬁlé’ﬁqmmu -20°C
3.2 1136374 BinB nangWugaeaila Site-directed mutagenesis PCR

Tuduneutlazseddnaraiin pET28b-BinB (wild type) iy DNA template WAz Primers
foonuuuliiimsdsuudadsuiianalelnasumisiidenis Ingluduneuusnwataia DNA
am@ﬁv‘ﬁlu DNA template (pET28b-BinB (wild type)) azgnyinlvikeneanainiu aeainuiau
Nt Primer fiinsasuulasdiuindlelnsiioanuuul’ asdunduiiu DNA template o
Frunsiduvagay Satundavaifiudsuuasagliduiu DNA template ndsantutoulss
High-Fidelity DNA polymerase (Phusion) a¥1n15&aA3129f DNA ulmslaunsurionanaia &4
\Wasu wild type plasmid u mutant plasmid duuszneudildluujizenfiduanddunisied
3.1 waz 3.2 antuihluneaoulag 1% agarose gel electrophoresis #aenszualiin 100 Taad
Va1 25 Wil iensavdeuawIn PCR product

winuazdmdenians DNA aeiiduasieilnl fidnmswasuulashduiedlelng

figeans Tneldeules Dpnl %ﬁmﬁwﬁa’aaﬁmﬁialwﬁﬁgﬂ methylation 784 DNA template @4
DNA anglusifidaasieiduazlaliinssuiunts methylation 3evildmderfivs DNA anelval il

Vs Mutation 1929015



M1319% 3.1 wansesRUsenauvesasilelunisdunsieyt BinB naneiugmewmeaila Site-directed

mutagenesis PCR

29AUTENOUVDIES Usuns (b
DNA template 50-100 ng
10 mM dNTP mix 1l
DMSO 1.5 pl
Forward primer 10 pmole
Reverse primer 10 pmole
5x Phusion GC buffer 10 pl
High-Fidelity DNA polymerase (Phusion) 0.5 pl
Sterile DW up to 50 pl
AN5197 3.2 PCR profile
Cycle step Temperature Time (minute) | Number of cycle
Initial Denaturation 98°C 1:00 1 cycle
Denaturation 98°C 0:10
Annealing 40-55°C 0:30 30 cycles
Extension 72°C 3:30
Extension 72°C 5:00 1 cycle

3.3 11541 mutant plasmid 141g E coli 818Wug JIM109 (transformation) lag35 heat
shock

ﬂwwmaﬁmﬁgﬂé{mﬁw Dpnl W& 5 pl wwanAu 100 pl 984 E. coli JIM109 competent
cell flaglu microcentrifuge tube wanflsfidriuung thludluthudadunm 30 wif vdsndy
¥m3 heat shock Lfuiaan 90 undt 7 water bath 42°C uarSugumaoslutudaduim 5w
Ay LB broth U3u1ns 900 pl waztiluuudi 37°C 200 rpm Wuiaan 1 $alus dludumiese
A7 5,000 rpm WU 2 Wit gadanlaiia 900 plwmde 100 ul waslidrtufunznaulnegn
%uaumq Nt spread a4Uy LB agar plate il 50 pg kanamycin LazUaieit 37°C 1y

nan 16-18 dlas
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3.4 n15¥aaauiduduvas DNA Tnsn1siadinisganauuss UV 7 260 nm Tagldin3es
spectrophotometer

irasazatefiduefiadalduniesdaeaisazas TE buffer (1X) Tudnsiaau 1:100
(DNA 5 pl :TAE buffer (1X) 495 pl) waziirlu¥aan OD figaeminue1inauas 260 waz 280 nm
Tnsaruduturesansazasfduesnaldanngasdaiolud fe anuiduduresiibuion
ODa4 X 50 pg/ml x dilution factor 1agA1 OD., ﬁam@mﬂﬁuumﬁﬁdamm 260 nm VB4
ansarangnoule way 50 ug/ml ﬁammL%’u%’maamiasmUﬁLSULaaﬂaﬁjﬁ 0D, FadlAvindu 1
du dilution factor Aedmsrd@mildlunsidearsdmiunsusziiiuguanvesansazanefidue

a11150A 1IN TRI1EIUTENINAT ODyg AT ODag tABAEULDTTAMNUTENT L AT

AUSTUN 1.8

3.5 nsnvradaulAaunateWus (mutant screening) Mgy E. coli snewug JM109
Brleladiivuuy LB agar plate il 50 pg kanamycin (Fldandumeutt 3.3) 1w master
olate §ruau 5 Talaidl Yuft 37°C Hunan 16-18 Falus denlalailann master plate adesly
LB broth 4 ml il 50 pg kanamycin ﬂm‘s’?}u’aﬁ shaker incubator 37°C 200 rpm Wuan 16-18
Falus mnﬁ?uaﬁmwamﬁmﬁwﬁqm GenelJET Plasmid MiniprepKit(aduneud 3.1) aandu
A3I9EBUIUINVEINAATATILAR I8 1% agarose gel electrophoresis (Mutunau 3.2) fe
nszualilfin 100 V 1381 25 Wil MInsiamlaaunaieiugaien1svin DNA sequencing lagusem
Macrogen Inc. 19 17 promoter ey T7 terminator primers Jussudunisdnaenansfidue

\lodugnUn3e1 DNA sequencing #ildazgnihuniSeuiieuiudueiiu wild type

3.6 n1sAnwansmieadaliiinnisuanssanvaslusiu BinB nanewuslu £ coli
BL21(DE3)pLysS #28n15%1 small scale expression

11 recombination plasmid #ilé transform \1d £ coli angWug BL21(DE3)pLysS 11
Fadonwadfilésu recombination plasmid #38115%1 small scale expression lagnisdaiden
Trauiiil recombination plasmid Tunuafideazanunsaasyuuemisuda LB fiuszneusieen

g kanamycin Tutunouusnyinn1siaeawadly LB broth 4 ml ivsenaumiseU)iiue

'
1 )

kanamycin 4 ul waz chloramphenicol 4 pl lagyinn1suuy 37°C fagA1U5258U 250 rpm

A v

dleuuafiieiin1sa3gidngszes mid-Log phase Huidainliriganduuadd 600 urluiuns

IS a

WU 0.6 31nTuelAinn1siuans 1M IPTG asluiiawmiendlinuaiiisedinisisuaunns

€

duasziilusiu BinB naneug Uuwen 37°C d1uAu nasntuliwadiidesindganfiunai

600 nm Tlgen 0.2-0.7 antudusennudiseu 12,000 seusewndt (rpm) Wunan 5 wift uas



dnuNauiu 4x sample buffer w3sulusautiotnlunsiadaunisianieanvoslusauaieis

polyacrylamide gel electrophoresis (SDS-PAGE)

3.7 n1sAnwanasmieadrliiinnisuanssanvaslusiu BinB nanawuglu £ coli
BL21(DE3)pLysS $28n15%1 Large scale expression

AMendannsnieanuafiiedsudy (starter) Inanisiden single colony a4
E. coli anewWug BL21(DE3)plLysS il recombinant plasmid il n19195g Tu LB broth 7
Usgnousee1UiTaug kanamycin Wag chloramphenicol lngdadanlnauiinuiniemieii
#e PTG fn1suanseanuadlusiu Bing natewus anndutud 37 °C (Hunasean 16-18
Falua feeansaseu 250 seusiewit (rpm) U wUATSefSuiy 1% starter sl
LB broth 700 ml ﬁﬂizﬂauﬁwmﬂﬁ%uz kanamycin 700 ul wag chloramphenicol 700 pl
Uuft 37°C WJunaussana 2 $3lue 30 wndl Lﬁal,wﬂﬁL%Uﬁmsw%igl,%’wg{'iwz mid-log phase
fuftfetnldagandunasil 600 uilumng wirfu 0.6 TNuAdldvinnIsiuans 0.2 mM IPTG ag
Tuilewmieilviueiifodufunsdaameilusiu BinB nanewiug Uudl 18 °C unatuszann
5 Falus MntfuiludennuiSiseu 7,000 seusiound (rpm) Wi 10 Wil Wivwadaau pellet 137

-80 °C wieluldlunisariauenlusiiu BinB nanewuguIanasienaduil HiTrap™ Ni column

3.8 Protein puirification

e pellet 104 £ coli MAULET -80 °C wiy lysis buffer udainlunnyildigadunn
Imam?aq ultrasonicator ﬁ]’mﬁ?uﬁﬂﬂi’juﬁmmﬁmau 12,000 rpm ﬁqm%gﬁ 4°C \Juian 60
W% LAudIY supernatant mﬁﬂﬁﬁqwﬁmﬂ%ﬂﬁﬂmi histidine affinity chromatography lagld
25 mM-250mM imidazole Aifimnududutoslunamududuninaiudisu udau elution
fraction #ifllUsfiu BinB g wvdrndussiaaeulusiulag SDS-PAGE wagidmndelulusiu
vonlnenisiliuiandsnseulneld desalting column ndsntutlusudivilfuiandunia

ANUuTuvelUTAUlaglY Ay, LavnsiaaauaINUIavalay SDS-PAGE BnAsa

3.9 Mosquito-larvicidal activity assay
Toxicity voelUsAuazgnnaasuiugnuieesIAIgyseeeN 2 (second-instar Culex
quinquefasciatus larvae) lnglusau BinA uay BinB avgnuaniuludnsidiu 1:1 malar ratio

wazi 2-fold dilution srewindu vilmduannududusieg fu (@ pg/ml - 0.002 pg/ml) 910wy
1 toxin 1 ml ustazaandudulaly 24-well tissue culture plate Aifigningsviauaz 10 feglu

U 9 q

1%
o o

11 1 ml Iny BinB wide-type agaiien 140U nesative control 9ntuiiugnuigefiiniaunaz

)

Juiinudaanli toxin 1Wunan 48 Flus dnaflaunAulna % mortality
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3.10 N13nAsdU Receptor binding assay
3.10.1 M3w3BagnUIgaNadan immunohistochemistry

wisgugnuiveumaaey BinB 1dUsEANSAMlUNIIUAU receptor Tunsinizgni

Y

F) d' o

g9 Inevin1sdoy immunohistochemistry waztiudunailodesnielindosganssal 35n15vA
Fuaugningsiinng 10 dlusseed 3 luthndu 1 mi ldadlumauaues 24 well plate 910ty
nageuRUlUsAY BinB wide type war BinB mutants ashu plate mudnsu el 2 Falus anndu
gJJWUQﬂifﬂﬁwﬂﬁ@UﬁUIUiamLéj’J uenuldlu eppendrop lasnenausiinueslusiu wag negative
control Aognigsitlaildnaanufulusfiu (untreated larvae) 30 10 dasotinndu 1 ml ldas
eppendrop W&l fix #18 4% Paraformaldehyde wazuglutiuds Wunan 1 Falug wddns

fe 1xPBS 3 ASY ASIay 5 unil wazgavewiuluy 1xPBS Migaumnll 4°C

3.10.2 N95UIUNIT Tissue processing

a1

< & = S g ) v |
L‘U‘L!GU‘L!G]@‘Uﬂ'ﬁLG]iEJNLUSLEJ@ﬂiSLW'W’QﬂUWEN H1UN1T fixed WLALUNIUATEUIUNTS

tissue processing Lialrduiiinidotuianuudsnefazineenduduuieg (paraffin section) 16

Menazazandsdu mavilimnarsiduiheonainieg uwnsn@udrlvludiulsenaudneg vesdiu

[ '
=1

doide Tasiduanindedenszmzgmingausesenseasuisiarldlu cassette adlu jar Lite
fatheen (dehydration) Ingudluansaraiy 70% ethanol, 80% ethanol, 90% ethanol, 95%
ethanol waz 100% ethanol 88138 30 W7 AuddyU ndsantuuly xylene Naufiu melted
paraplast ﬁqmmﬁ 56°C W 1 $3lus uay melted paraplast ﬁqmwgﬁ 56°C 3n 1 Fala

wasaIntuiilaenseinzgnunesin embedding sialy

3.10.3 n3sUUN1T Embedding LLag Sectioning

thiuilefinauns Process udannanadesasiy mold @il melted paraplast uda9indu
block 91 paraffin 3uudef1unld melted paraplast 9uifis mold w&211 ring wUsznuls
nuildnsuuwiuduiiosel’ block widnenseningin mold ¢ Tnevi 16/1mold (Fes
labeled asun ring THdAiaw) 91nduinly section sanuwlu ribbon Tneldiades microtome
udthaslu water bath uiels ribbon Bnauan laifisessu arntuthaladil coat de silane
Fouriieli paraffin section aguudlas udrslivunriueuiigamgil 42°C 1uan 12 Falus

Wislmiaofnalannau

3.10.4 N158ay immunohistochem
WefAnwiauansalun1sduiuveslusiu BinB fu receptor vulllaidansinizgnings
wazdeanelandesganssad lngdralanilaly rehydrate neulnguyluansazany 100%

ethanol, 95% ethanol, 90% ethanol, 80% ethanol wag 70% ethanol 88148y 30 U9
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AIUEIRY f\]’]ﬂﬁuﬁﬂLﬁﬁﬂﬁﬂSSU’JumigaﬂﬂEJVT’]ﬂ’]iETUEq?\‘] endogenous peroxidase A28 3% H,0,
nonasuualasauviniladeiisld 30 uiit udrd1seande T-PBS 3 A%t Afiaz 5 writ 91ntiush
A138uda non-specific binding #38 goat serum (1:200) asuudlasauriailodoniald 45 uail
Ward19mendae T-PBS 3 adt adiay 5 uadl arndulusiy BinB wild-type w3 BinB mutants
Foansnageuiinududu LCy, nonasuualadauviauiodonsld 45 unil udrdrseondne T-
PBS 3 a1 Afvay 5 unit aantusinnisas primary antibody Taeld anti-BinB (1:10000) vualas
swinieidenialy 45 unil udrd190endne T-PBS 3 A% ASsay 5 unit 9niuas secondary
antibody Tne14 biotin-goat anti-rabbit 1G (1:200) vualasauviauileidensly asunil udrdns
pande T-PBS 3 A%e adsay 5 unil ndearniiuas horseradish peroxidase labeled streptavidin
(1:500) vualadauvihiieidofisls asunit udadeendae T-PBS 3 ase adtas 5 wiit udavinis
wem DAB (Virluiifiawindy) Sudu Chromogen %ﬂmﬂgﬁﬁ"jﬂmamw‘ifn,mﬁwaqLﬁaLﬁaﬁﬁLLaua
veRlUduagfuneufitau vendisly 5-7 undl udahludradindu 3 sou souas 5 Uit ud clear

M xylene 2 ASY ASIAE 3 UIH gnveyiinis permount wagihludesnelindesganssel
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4.1.1 WSsuisulaseadranannaanaiwnuanazaiiueuldewazaansuulnsiuas

laseasavastusin BinB Tudau N-terminal domain #dlansunsnaziiluaaiamaeny

TWsAunvhuihfduiuluanavesdinia (some sugar binding proteins) @ufulusansnezily

wiinoglsun@n (aromatic rich domain) 91wu 22 M lnegideaulaudendnwinsneviluyinesls

a a Y . . 9 = a a Y aa a .
ll']ﬁﬂﬂ/]‘lﬁi‘!u@"lu side chain @aanA 1UUBN "?NL‘UiEJ‘ULVlEJUQqﬂiﬂﬁﬂaiqﬂaqﬂﬂmsﬂaﬂiﬂimu BinB Lay

e

@

AIdensnaneiugnseesiluiiiaevandululusiy  BinB  launsuvus  F147, F149 uas

F147/149 2pdlUsAuasiie BinB waznsaazdlulnlstululusiu BinB lawnsunus Y53, Y72,

Y76, Y94 way Y111 Ieewdguswa codon vasiwmienanadlidusia codon vaensnaziiluse

)~ Ya o W Yo ¢ Iz a
aIUuU Eﬂj?ﬂﬂlﬂ%qﬂqiﬁﬁﬂLL‘U‘UIW?L@J@i@QLLaﬂﬂIu@l']iq\‘l‘ﬂ 4.1

A15199 4.1 Primers 199nuwUUa%3U PCR site-directed mutagenesis

Mutagenic primers Sequences Tm (°C)
F147A_forvvard 5’- G GGA GAG CAA TTT GCC CAA TTC TAT ACA -3’ 64
F147A_reverse 5’- T TCA TCC ACG AAG TAG ACG TTG AAG AGG -3’ 64
F149A_forvvard 5- AGAG CAATTT TTT CAA GCG TAT ACA CA -3’ 61
F149A_reverse 5’- A AAC ACA TAT GCG AAC TTT TTT AAC GA -3’ 61
F147/149A_forvvard 5’- A GAG CAA TTT GCG CAA GCT TAT ACA CAA -3’ 61
F147/149A reverse 5’- CAA AAC ACA TAT TCG AAC GCG TTT AAC GA -3’ 61
Y53A_forward 5’-CACGG AATGGTGCAGGTTTATCAAAAACC-3’ 60
Y53A reverse 5’-GGTTTTTGATAAACCTGCACCATTCCGTG-3’ 60
Y72A_fo rward 5’-CCCATCTAACGAAGCTTCAATAATGTATGA-3’ 57
YT72A reverse 5’-TCATACATTATTGAAGCTTCGTTAGATGGG-3’ 57
Y76A_fo rward 5-CGAATATTCAATAATGGCCGATAATAAAGATC-3’ 57
Y76A_reverse 5 -GATCTTTATTATCGGCCATTATTGAATATTCG-3’ 57
Y94A_forward 5’ -GATGATGGTAGAGCTATTATTGCAGATAGAG-3’ 59
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YO4A reverse 5’-CTCTATCTGCAATAATAGCTCTACCATCATC-3’ 59
Y111A forward 5’-GCACCTACTGCATTGGATAATAACAATCACC-3’ 60
Y111A reverse 5’-GGTGATTGTTATTATCCAATGCAGTAGGTGC-3’ 60

MBS AR snanewusseuldussnesnun
- 9 9 9

4.1.2 PCR site-directed mutagenesis

Tun19911 PCR based site-directed mutagenesis \ieadns mutant plasmids azaasldn
analin pET28b-BinB (wild type) WUu DNA template é’fummﬂugﬂmwﬁ 4.1 uazAvRY
mutagenic primers floanwuuliiimswdsuwlasdduiadlelndmunisfidesnisiisenwuuld
(15197 4.1) lun13vi PCR Tasld Phusion DNA polymerase uavesAusznaumes PCR uandly
A519T 3.1 dmsu PCR profile wanslumsnsdt 3.2 Tneransnaaeanuing PCR product 1indu
fluueuszann 6.6 Kbp é’mamﬂugﬂmwﬁ 4.2-4.4 1nUsuu PCR products i annealing
temperature #1199 uandliifiuin annealing temperature Mvisnzauves pET28b-BinB F147A,
PET28b-BinB_F149A wag pET28b-BinB F147/149A fio 50°C ,50°C way 45°C Mua1fy d115u
PCR products w83 pET28b-BinB Y53A, pET28b-BinB Y72A, pET28b-BinB_Y76A, pET28b-
BinB Y94A Waz pET28b-BinB Y111A i annealing temperature fingaufie 50°C n&wn
La%aéjuﬂﬁﬁ%m PCR based site-directed mutagenesis La693i19n DNA template sagtoulasl

Dpnl

f ori BamHlI (199)

N 4
| kf\ BinB
N

Kanamycin
. I Noel (1553)
TR e
I
/

ori

lacl

31me1'7i 4.1 Saauduuuyinanadin pET28b-BinB (wild type)




g‘dmwﬁ 4.2 PCR product F147A, F149A 1NN159N site-directed mutagenesis LEAIUY

23130
9416
6557
4361

2322
2027

1% agarose gel electrophoresis

Lane 1:
Lane 2:
Lane 3:
Lane 4:
Lane 5:
Lane 6:
Lane 7:
Lane 8:

Lane 9:

Lamda/Hindlll DNA marker

pET28b-BinB F147A, annealing temperature 40°C
pET28b-BinB_F147A, annealing temperature 45°C
pET28b-BinB_F147A, annealing temperature 50°C
negative control @1%5U pET28b-BinB_F147A
pET28b-BinB_F149A, annealing temperature 40°C
pET28b-BinB_F149A, annealing temperature 45°C
pET28b-BinB F149A, annealing temperature 50°C
negative control @3 pET28b-BinB F149A

6.6 kbp

16
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g‘llmwﬁ 4.3 PCR product F147/149A 310015911 site-directed mutagenesis waasuy 1%
agarose gel electrophoresis

Lane 1: Lamda/Hindlll DNA marker

Lane 2: pET28b-BinB wild-type

Lane 3: pET28b-BinB_F147/149A, annealing temperature 40°C

Lane 4: pET28b-BinB_F147/149A, annealing temperature 45°C

Lane 5: pET28b-BinB_F147/149A, annealing temperature 50°C

Lane 6: negative control @3U pET28b-BinB F147/149A
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A) B)

bp

23130
9416
6557

4361

23130 — .
9416 —

le—6.6 kbp
6557 — W . & -
4361 — 2027
2322 —
2027 —

gﬂm‘wﬁ 4.4 PCR product Y53A, YT2A, YT6A, Y94A uaz Y111A 1NN159" site-directed
mutagenesis LEAIUU 1% agarose gel electrophoresis
A) PCR product 484 Y53A, YT6A, YI4A way Y111A
Lane M: Lamda/Hindlll DNA marker
Lane 1: pET28b-BinB Y53A, annealing temperature 55°C
Lane 2: pET28b-BinB_Y76A, annealing temperature 55°C
Lane 3: pET28b-BinB_Y94A, annealing temperature 55°C
Lane 4: pET28b-BinB_Y111A, annealing temperature 55°C
B) PCR product ¥a4 Y72A
Lane M: Lamda/Hindlll DNA marker
Lane 1: pET28b-BinB Y72A, annealing temperature 55°C

Lane 2: negative control (without DNA template)
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4.1.3 nswilgaii mutant plasmids LﬁﬂéL%ﬂﬁLﬁ’l’ﬂﬁ'ﬁu E.coli DH50Q. competent cells fqg
75 Heat shock method

Eaanviin1stda DNA template fevoules] Dpnl wdniuFAsetuly transform g
E. coli DH5Q competent cells Imaﬁﬂﬂﬁﬁ%mﬁgﬂﬁmﬁw Dpnl w&7 5 pl awansiu £ coli DH5QL
competent cells wanlfidrfuung wazthluurlududadunan 30 Wit ¥ns heat shock
42°C Huran 90 3und Mnhduudluudafunat 5 i ndwntudiy LB broth Usunas
900 pl waziiluudl 37°C lu shaker incubator 250 rpm WJuwian 1 Falus thiludusieade
Arai§ 5000 rpm 1w 2 Wit pecnladia 900 pl wide 100 pl wawlidAy 9niutihan
spread asuu LB agar plate il 50 pug/ml kanamycin uasUsidiedt 37°C Wunan 16-18 Falus

%5&%7ﬂﬁuL§aﬂIﬂIaﬁﬁsﬁuuu LB agar plate 7 50 ug/ml kanamycin 4191 master
olate $1uau 5 Taladl vuil 37°C Wunan 16-18 $alus warlaladiann master plate adesly LB
broth 71 50 ug/ml kanamycin Y3195 5 ml ‘U'm%ua‘ﬁ' 37°C Tu shaker incubator 200 rpm W
81 16-18 Falas mnﬁ?uaﬁ’mwmaﬁmé’wﬁqm GenelJET Plasmid Miniprep Kit iiethwanadingin

urazlAaULINTIAEDUMYAS DNA sequencing

4.1.4 DNA sequencing U84 pET28b-BinB_ F147A, F149A

ke DNA sequencing Uaswaaiinainlaaunuingiau DNA sequence U89 mutant
plasmids w89 pET28b BinB F147A uay pET28b BinB F149A 1@1’gﬂ§f@amuﬁaamwu
mutagenic primer Planansawdewduy mutant plasmid ¢ (gﬂmwﬁ 4.5) wazd1su DNA
sequence ¥BY mutant plasmids ¥ pET28b BinB Y53A, pET28b BinB Y72A, pET28b BinB
Y76A, pET28b_BinB Y94A uay pET28b_BinB Y111A Wui1d16iu DNA gnABemIua1siu codon
vosezaiiu (JUAnl 4.6) wdsaniuth mutant plasmids Wranlusiulutuseusioly usiddy
DNA sequence 83 pET28b BinB F147/149A ¢alaila mutant plasmid Feh s dudesinnms

wibvsiald



20

A) BinB_wild type

S0 520 330 540 550 S0 570 580 580 500 &1 620
AAGAGAGACAAAAGTTT GAGCAGGTAGGTAGT GGAGATTATATTACGGGAGAGCAATT TTTTCAATTCTATACACAAAACAAAACACCGTGTATT GTCAAATT GTAGGGCGCTTCGACAGTAGGACT

B) BinB_F147A

5

00 a0 520 550 0 350 560 370 380 350 00 610 620
AAGAGAGACAAAAGTTTGAGCAGGT AGGTAGT GGAGATTATATTACGGGEAGAGCAATTTGCCCAATTCTATACACAAAACAAAACACGTGTATTGTCAAATT GTAGGGCGCT TGACAGT AGGACA

WA A AN AW A A AN AW W AR\

e A MANAA W WA WA WA

C) BinB_F149A

300 1o 13 230 20 250 260 T 280 1450 600 10 £20
AAOAGAGACAAAAGTT TAAGCAGOT AGGT AGTGAAGATTATATTACGGAAGAGCAATTTTTT CAAGCOTATACACAAAACAAAACACGTATATTAT CAAATT GTAGGGCGCTTG ACAQT AGOACA

il i AR AR AR A AN A T AR L i A n A A A Aanannrnanih A s At fafiiafa it ARAT a A A L n
YA e AP H(UU\[IL,Q}V"\_I‘;“:\;‘-, AR W APV Y VA &"'{_x\f_\_-’_ﬂ(_‘nﬂ'\ MWWV AN

b Gl 'S 8

gﬂmwﬁ 4.5 ®a DNA sequencing lagansu DNA vaensaagillumunus F147 wag F149 sy
AansUaLEUlAEA

A) DNA sequence U89 pET28b_BinB wild-type

B) DNA sequence 484 pET28b BinB F147A

C) DNA sequence U89 pET28b_BinB F149A



A) Y53A

B) Y72A

C) Y76A

D) Y94A

E) Y111A

BinB_Y53A (261) TCAC &G
BinB_WT (145) TCACGGE

326 340 350

BinB_Y72A (324) TCTAACGAAGCTTCAATAATGEARGAT
BinB_WT (205) TCTAACGAATATTCAATAATGIATGAT

326 340 350

BinB_Y76A (320) TCTAACGAARBTTCAATAATGGCCGATA

BinB_WT (205) TCTAACGAARATTCAATAATGEANGATA

(391) 391 400 410

BinB_Y94A (388) TGATGGTAGAGCTATTATTGCAGA
BinB_WT (270) TGATGGTAGABRTATTATTGCAGA

430 440 455

BinB_Y111A (389) AGTTTTTGATGAAGCACCTACTGCAT
BinB_WT (270) AGTTTTTGATGAAGCACCTACTEARET
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gﬂmwﬁ 4.6 wa DNA sequencing 1n8a16u DNA U89n5nazdlusIunug Y53A, Y72A, YT6A,

Y94A uag Y111A seusmienstaduladen

A) DNA sequence U84 pET28b_BinB Y53A
B) DNA sequence 484 pET28b BinB Y72A

C) DNA sequence ¥84 pET28b BinB Y76A
D) DNA sequence ¥83 pET28b_BinB Y94A
E) DNA sequence U84 pET28b BinB Y111A

4.1.5 n15uan990nva9lUsAU binary toxin duuwuy wazlusAunatewus lu Ecoli

BL21(DE3)pLysS

NA491NN1TNTI@BUAIRNU DNA Ua7 LenlAauiil recombinant plasmid Nig16iu

DNA gnéiasun transform g £. coli @esiug BL21(DE3) \ieliinamlusiiu (expression protein)

wagAntaonlaaunlasu recombinant plasmid 31NAMNAINNITAVDIMUATITBNLAT QYUY LB agar

plate MUsznaUMIBa15U TIus kanamycin waz chloramphenicol ¢ usnaintifnideniaau

au1sandnlusAunateiugla A1en159 small scale expression 3nN1swmtietlAiinIsase

UsAU nasanidenlaauiasandnlusaulaiaitu Wunvii large scale expression #a991n

Tutwadnlaludusnifuadiiaurlunsiaasunisuanteanvalusiudnasasmemaia Sodium

Dodecyl Sulfate- polyacrylamide Gel Electrophoresis (SDS-PAGE) waztwadiduiuliludn

wonlnlauslusfu BinB w38 BinA Aauwadla protein purification laglduannas histidine
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affinity chromatography Na21An153LAT18RNWUI E. coli BL21(DE3)pLysS 71 recombinant
plasmid ﬁgﬂmﬁ'mﬁﬁw PTG axiimsuantaonvadlusiu BinB sts wild-type waz mutant il
yunUsEan 51 KDa lagaznuwauveslusiu BinB nangiuguu SDS-PAGE gel waglusiu BinA
wild-type fluuravszanas 42 kDa waglushumarinmungnuaneenuluguuufiazareild
(soluble form) (g‘imeﬁ 4.7-4.9)

<« 51kDa
‘<« 42kDa

gﬂmwﬁ 4.7 wavaslusiu BinA wild-type, BinB wild-type uaz BinB nanswug Y53A, Y72A,
YT6A, YO4A uae Y111A

Lane M: Marker

Lane 1: BinA wild-type (42 kDa)

Lane 2: BinB wild-type (51 kDa)

Lane 3: BinB Y53A

Lane 4: BinB Y72A

Lane 5: BinB Y76A

Lane 6: BinB Y94A

Lane 7: BinB Y111A
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<51 kDa

SUANT 4.8 NAVBINTUEAIBBNUAZ protein purification ¥adlUsAu BinB nanewug F147A

A)

B)

Lane M: Marker

Lane 1: Non-induction

Lane 2: Induction with 0.2mM IPTG

Lane 3: Pellet fraction

Lane 4: Supernatant fraction

Lane 5: Flow through

Lane 6: Wash with lysis buffer

Lane 7: Wash with 25 mM imidazole

Lane 8: Wash with 50 mM imidazole

Lane 9: Wash with 100 mM imidazole fraction 1

Lane M: Marker

Lane 1: Wash with 100 mM imidazole fraction 2
Lane 2: Wash with 100 mM imidazole fraction 3
Lane 3: Wash with 100 mM imidazole fraction 4
Lane 4: Wash with 100 mM imidazole fraction 5
Lane 5: Wash with 250 mM imidazole fraction 1
Lane 6: Wash with 250 mM imidazole fraction 2
Lane 7: Wash with 250 mM imidazole fraction 3
Lane 8: Wash with 250 mM imidazole fraction 4
Lane 9: Wash with 250 mM imidazole fraction 5



51 kDa
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SUANT 4.9 NAVBINTUANIBBNUAL protein purification Yadlushu BinB nanewug F149A

A)

B)

Lane M: Marker

Lane 1: Non-induction

Lane 2: Induction with 0.2mM IPTG

Lane 3: Pellet fraction

Lane 4: Supernatant fraction

Lane 5: Flow through

Lane 6: Wash with lysis buffer

Lane 7: Wash with 25 mM imidazole

Lane 8: Wash with 50 mM imidazole

Lane 9: Wash with 100 mM imidazole fraction 1

Lane M: Marker

Lane 1: Wash with 100 mM imidazole fraction 2
Lane 2: Wash with 100 mM imidazole fraction 3
Lane 3: Wash with 100 mM imidazole fraction 4
Lane 4: Wash with 100 mM imidazole fraction 5
Lane 5: Wash with 250 mM imidazole fraction 1
Lane 6: Wash with 250 mM imidazole fraction 2
Lane 7: Wash with 250 mM imidazole fraction 3
Lane 8: Wash with 250 mM imidazole fraction 4
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4.1.6 NM130aNaNSYRIlUTAY binary toxin dagninegssAgy Culex quinquefasciatus
UlUsHY BInB nanewug Y53A, YT2A, Y76A, Y94A uaz Y111A uwsiavvfanauiyu BinA
wild-type ludasrd 1:1 fnnududusiaus 4 pe/ml - 0,002 pg/ml F0130973 2 Wi waztw

NAFABUNITBBNANSHONUNELISIAGY Culex quinquefasciatus T¥eell 2 MidaINUulugnuIng

[ |

wazAamAIdntuiigningameaTmids (LCs) nuan1snaaeanuit Tshunang

sl o 1

TWUSTFUMUG Y53A, Y72A wag Y111A fanuanunsatunisdigningdlaanas WewSeuiieuriu

9

TUsfuduuuy wild-type (#1574 4.2) A33839AIMIN tyrosine TN Y53A, YT2A way Y111A

1 I3 1 Ao o W 1 < a al
UnagidudruninnudAgyseanuiduivueslusiu

14
o o

A13199 4.2 WERINANITRBNNSVBIIUTAUNATENUTHaNITENaNUNYeTIAILY

TUshu LCs (ng/ml)

BinB (negative control) NA

BinA + BinB wild-type (positive control) 25.12
BinA + BinB Y53A 26.32
BinA + BinB Y72A 26.90
BinA + BinB Y76A 24.83
BinA + BinB Y94A 15.45
BinA + BinB Y111A 28.50
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4.1.7 nagauANENIsavasiushiu Bin Tunsiuiuilaganszinizgnunes (Receptor
binding assay) fagtmaiian1sdon Immunohistochemistry

saa o o A

NNHANITIAFBUNITRBNVEIUgNUIEN §ITeidenlusiunateiugniauddyiuans

3 o

[

Anudufivanasunfnwin1sduiuaeslusiy BinB Y53A, Y72A way Y111A §uiu receptor uu
microvilli lunszinaggniugs lngvianismisugniigeuazgnisduiudasnisden
Immunohistochemistry 3gwWu11 microvilli Iuﬂizwazgﬂﬁwqqﬁwmaauﬁuiﬂiﬁu BinB Y53A,
Y72A o Y111A agfnftinniauddanandt Bing wild-type lurmedinszimizgningsiinaasui

Tris buffer (negative control) axliiindtmafi microvilli 1@ulUlgnfidumia Y534, Y72A uay

Y111A 919agdunuimadndgluduneunisduiu receptor vuianseinizaniigs 3eviildmnudu

U q

fiwanas sauansluguning 4.10

Y53A

Megative control BinB wild-type

gﬂmwﬁ 4.10 wan1589au Immunohistochemistry
A: 1UsAU BinB Y53A
B: 1UsAU BinB Y72A
C: TUsAu BinB Y111A
D: Tris buffer (Negative control)
E: TUs@u BinB wild-type (Positive control)
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4.1.8 nadauaNUUuRwYaslUshiU binary toxin Aaladneq uanannwaaitviane

1) nadougnsvaslUsiu binary toxin rewaduuafise

UlUshu binary toxin lauA BinA 8819fel, BinB oe1ufel, BinA Wauiu BinB,
Activated BinB LHulusiuignindeioules trypsin iledraadiviioulunszimizamnsgniigs
uennBdalilusiy vipzAa Faduldsiutinmiifgrssvuounseyfidudngiin thamaaey
antibacterial activity 1USsuliisume laewssue11s Mueller Hinton agar (MHA) @1msu
NzEsde Gram-positive bacteria; Staphylococcus aureus Wag Gram-negative bacteria;
Escherichia coli Ingudessnaniigamgdl 37°C una 16-18 dalus anifuiidesnuulild
0.5 McFarland wagindely spread V1o MHA u&UaE301M13 MHA 6 3 iflevisanlusiudi
ANULINTY 15 mg/ml Toun BinA, BinB, BinA+BinB, Act B, Vip3 uag lysis buffer (Negative
control) 5 pl W%@Nﬁgﬂ’s’m disk 81 tetracycline ATINALNEN ﬂﬂLwawlﬂﬂuﬁQMﬁQﬁ 37°C Ju
a1 16-18 F3lue wanisveaeauilUsiu binary toxin war VipsAa hivhldiAe inhibition
zone Tusouvquitneonlusiu (Uawdl 4.11) Jawileutusaues lysis buffer uansinTusiu
binary toxin lﬁﬁqw‘ﬁg‘lumié’uQ’jamim%zglﬁuimmLLUﬂﬁL‘%EJ Staphylococcus aureus uag
Escherichia coli luvauzfinavasen tetracycline faluATIRY Staphylococcus aureus LA
inhibition zone 26 nm (Susceptible) wazsialuANise Escherichia coli A inhibition zone 22

nm (Susceptible)

=

Gram-positive bacteria Gram-negative bacteria

sUANT 4.11 N1snagaugnsvaslusiu binary toxin Aalwaduuaiilse
wuAilSe  Gram-positive bacteria; Staphylococcus aureus Wag Gram-negative

bacteria; Escherichia coli
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2) nedaugMsvaslUsAY binary toxin Aalvadiinidanuns

1lUsAY binary toxin Laln BinA agnaLfien, BinB 8814@ga, BinA nauiu BinB uag PBS
buffer (Negative control) innageunsuanveslinidonuns lagld TBS lunisideanadabenuns
Tudmsndn 1:1 uazvimsuuiigamndl 37°C Wunan 30 wit uarinAnsganauuasil 540 nm
Weuszdwnmsuanvendindoauns  91nnansvaaesmuInmseanvesinidenunseddusiv
binary toxin JA1 1-2 wWeswusd dsliawnsavilidadenunmaniiowSeuiieudu Triton-X

(Positive control) (mﬁwﬁ 4.3)

A15197 4.3 uanalasiwudnsuanvednidonuns

Sample % Hemolysis
BinA only 1%
BinB only 1%
BinA + BinB 2%
10% TritonX 100 100%
PBS 0%

4.2 aAUsEna

lunsfnuadsilddaameilusiunateius Bing lasdndondumisnsnerilusiinesls
maﬂmv‘hmamaauﬂiz?m%mwmisziflquwqqé’mw Fadsunsnexdlulnlsdu (Tyrosine) 1
Huozanilu (Alanine) uennifduaseilusiunatsiiug Bing lnewdsunsneriluiitaes

a1ilu (Phenylalanine) sifuszaniiu (Alanine) 8ndae isldvinnsnadeuntifivesusiunaiy

o A

stusilunuidedusely dhlusfunanesiug BinB YS3A, Y72A, YT6A, YO4A uaz Y111A fildthun

a

Uszilluuszaniamlunsesngmasitgningssiangy (Culex quinquefasciatus larvae) Wiveliinla

[

nalnidAgyluniseanguasiely nanisnaassmudnlusiunateiug Y53A, Y72A uag Y111A 98n

o

1% '

£ o A oA Y] a . ! ° | as A a o w
guissiegnigsanailemeuiulusiu wild-type uansinluimuniinsneziiluiiiagiaiudidny
faAlNaINnsalunIsiineangnadani1saevesgniigesiaigy luiusufglfunanIsnaaey

Auansatunsduiuvedusiunatgiugaenanisie receptor UURINTEINIZGNUIYS WUTIT

9

AUTLG Y53A, Y72A uay Y111A uananan1sduiuvedlusauiuianseimnzgniieanailoiay

AulUsAU wild-type uansiunumddnivililusiunanetug Y534, Y72A wag Y111A fia

(%
[

Jufivdegnunganad 019inndunourein1siuiu receptor vuAINTEMIZANUIEY AU

9
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Wululadnnsnesilulnls@ufdiunie Y53, Y72 uag Y111 dragiiaudiagrenisduiu

1%

receptor UURINTEINZRNUNYS
& av Ao = & a a . . i o [V ¢ &

uanndnuideliidnwanuluiivvesiusiu binary toxin siowwaddue Lawn waalin

WWoauns wadnuaiise Alildwaditvuiednaie nanisvaasanuInlusiu BinA, BinB wag
. . v vy o v & = 1 £ v S a

Binary toxin huladinavinlidaidenunsuan wazliignslunisiukuaiiiseunsuuan (S. aureus)
LazRUANSEUNTUAY (E. coli) sadulUsAuansiiuwalngnuiga binary toxin (wild-type) dA313
Uaoasduliduiivsewadidaidonuuud uazuuailise S. aureus uaz E. coli Bawunafieaosviinil

Y < & o a ' 3
wuladugeussdnduressnenieuyye
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uni 5

ayunan1sIdsuazdaiauauuy

5.1 a5Unan133vY
1. WWsAunanewug BinB fduntsveinsnozdlulnlsdu Y53A, Y724, YT6A, YOOA uay

Y111A waznsnezdiluiifiaoraniu F147A, F149A anansadanseilsiuiaunlaeenuilugud

[

azaneule soluble form Famunzaunazirlulanaasuiafn MU NNEFVBIRILNUINTADY

Mutusaslula
2. TUsfu BinB Misunisvesnsnesiilulnlsdu Y53, Y72 uag Y111 Wraziinnudidtyse
N590ngN5sgnngs lngenuinNTuneuYeINIsIURU receptor UURINTEINNEgNINgIsIANLY
3. TUsAua1sfie BinA, BinB way Binary toxin (wild-type) finuvasndglivinliiwaaiin
a ¢ T L o N a A
denunsuyuduan waglifignslunisdunuailiiounsuuin S. aureus WasLUATISEWNINAY E.

coli fannsanulsluiouszdduvassisnenyud

5.2 UBLAUDLUL

1. lums@nwilusivansiiwsianiseangrdengnings Aeinsideses uiiilaannaugan

Y

VA v Y

nenans 1.ysn ldannsaaiunisls deuidedieninfieg1gningnaniduayendse

Y 9
YU 39V UAI8a190

[ 1

2. Wshu BinB #duwniansnezilulnlsdunnuidanudidgysionseangnseigniigs

<

A A LY 1

gy Asinsfnwilassadsweddusiunaneiugmatuie  WeBuduinldlaiduainnis

Wasuwladlaseasnsvaalusiu
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Abstract

Binary toxin produced by Lysinibacillus sphaericus (Ls) is highly active against
mosquito larvae of important insect vector. The binary toxin shows a homology structure to
pore forming-aerolysin family, a toxicity of which has been discovered against several cancer
cell lines. To date, a cytotoxic data of Bin toxin is unavailable for mammalian cells including
cancer cells. Herein, the binary toxin was tested for its biological activity on several cell types.
Two components of the binary toxin, BinA and BinB were produced separately in Escherichia
coli host cell. The biological tests of BinA and BinB mixture revealed high toxicity to Culex
quinquefasciatus larvae, while no activity was detected for a human-hemolysis. Interestingly,
the binary toxin showed cytotoxicity towards cancer cells, melanoma SK-MEL-28 cell (ATCC
HTB-72) and papilloma carcinoma KB cell (ATCC CCL-17), but it was inactive against the
normal human cell, fibroblast Hs68 cell. These findings promise a possibility of bacterial toxin
being a candidate for anti-cancer substance. In the future, the anticancer activity of the binary

toxin will be investigated in several other cancer cells.

Keywords: Binary toxin, Lysinibacillus sphaericus, Anti-cancer, Larvicidal toxin

‘Corresponding author E-mail address: kanokporns@go.buu.ac.th



ananstamnuazgnamutaanzifaldsiuansiyluuidannuuaiide Lysinibacillus
sphaericus

nUNWg Asqasenila’ awesns t9ausiud’ Asng asetius 1450 AaNsIAsTY’
waz Utinm Yoyiasn’
'AUEANNTANART NAINENAEYINT BA1L]T Uszmalne 20131

‘aonthiaainaneaniluana unanendaniing uastgn dssmelng 73170

UNARsa

v
a

Tshuansiwlunianuanlnauunaiie Lysinibacillus sphaericus (Ls) Nqnsingniesd

v
[ A o

all o v d a ¥ [ = v nlz ' a2

duusasnnendnAty Taseaiwreslusmuatiniiliansuzadaiullsmuainegidlunguuelsladu
=2 = P ! = oo a s @ = P o .
Fein1sAunudnllsiulunguiluansaonuiuinsemaduzidumanaain udaunilaqiiuunuas s
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Introduction

Presently, it is possible to say that more people around the world would have died from
infectious diseases transmitted by mosquitoes such as malaria, dengue hemorrhagic fever,
Japanese encephalitis and lymphatic filariasis. Mosquitoes of genus Anopheles, Aedes and
Culex serve as primary vectors for transmission of these diseases. Among the three mosquitoes
genera, Culex is the most genetically various due to its expanded geographical distribution (1).
Lysinibacillus sphaericus (Ls) is a Gram-positive spore-forming bacterium which can produce
larvicidal crystal proteins. A binary toxin or Bin toxin is one of the active proteins among those
toxins. According to its name, two homologous proteins designated as BinA and BinB are
required together to exert a larvicidal activity. Bin toxin is highly pathogenic to Culex and
Anopheles mosquito larvae, important primary vectors for disease transmissions. Biological
insecticides, including the binary toxin have been chosen to control these mosquito
populations and disease transmission because of their high specificity, environmental safe and

no adverse effects on human (2).

Previous studies demonstrated that BinB showed specific binding to glycoprotein
receptors, a glycosylphosphatidylinositol (GPI) anchored a-glucosidase on larval epithelial
cells (3, 4). Upon the receptor binding of BinB, the complex of binary toxin is internalized into
the target cells, eventually causing larval death. In turn, BinA has been proposed to be a toxic
component. The cytopathological changes of Bin-treated Culex larvae were observed in the
cytoplasmic organelles, disruption of nucleus, mitochondrial swelling and endoplasmic
reticulum breakdown. Bin toxin was shown to induce mitochondria-mediated apoptosis in
Culex larvae, leading to larval death (5). Likewise, a similar mechanism was previously
reported for the intoxication process of Bacillus thuringiensis (Bt) 6-endotoxin in Culex pipiens
larval cells (6).

The molecules of the binary toxin reveal their high homology structure. Moreover, the
conformational structure of the binary toxin belongs to acrolysin B-type pore forming toxins
(PFTs) (7, 8). PFTs mediate actions through cell surface receptors leading to cell death. Recent
studies provided the evidences that Bt-PFT parasporin could induce cytotoxicity and apoptosis
in human cancer cells (9, 10). Consequently, the binary toxin has been proposed to share the
action with this protein family. Currently, no data has been available for the cytotoxicity of
binary toxin on a variety of cells. Therefore, information about its cytotoxicity on other target
cells (such as human cancer cells and bacterial cells) will be useful for medical applications.



The present study revealed that binary toxin can kill human cancer cells; melanoma
SK-MEL-28 and papilloma carcinoma KB. On the contrary, the absence of cytotoxicity against
normal human fibroblast Hs68 and non-hemolytic activity of the binary toxin would be
essential for the development of a potential candidate for cancer therapy in the future.

Materials and methods

Binary toxin expression and purification

The binary toxin was expressed as recombinant BinA and BinB proteins separately. E.
coli BL21(DE3) pLysS cells harboring pRSETC-BinA or pET28b-BinB were grown in Luria—
Bertani (LB) medium containing 100 pg/mL ampicillin and 34 pg/mL chloramphenicol for
BinA and 50 pg/mL kanamycin and 34 pg/mL chloramphenicol for BinB. The culture cells
were induced with 0.2 mM isopropyl B-D thiogalactopyranoside (IPTG) and continued
growing at 18°C for 5 hrs. Both proteins were purified using histidine affinity chromatography.
The supernatant fraction was loaded into a HiTrap™ Chelating HP 5-mL column
prepacked with a precharged Ni?* (GE Healthcare Life Sciences). The bound (His)s-tagged
BinA and BinB were eluted with wash buffer containing 100-250 mM imidazole. Then,
imidazole was removed by desalting column (GE Healthcare Life Sciences). The proteins were
analyzed by 12% sodium dodecyl sulfate—polyacrylamide (SDS) gel. The concentration of
protein was determined by spectrophotometry at 280 nm absorbance.

Mosquito-larvicidal activity assay

Larvicidal activity assay of the binary toxin was performed against the second-instar C.
quinquefasciatus larvae obtained from Department of Medical Sciences, Ministry of Public
Health. Purified BinA and BinB were mixed at 1:1 M ratio, followed by two-fold serially
diluted with distilled water in different concentrations. Then, 1 mL of each protein dilution was
added to each well of a 24-well tissue culture plate containing 10 larvae/well in 1 mL water.
The BinB protein was used as a negative control. Mortality was recorded after incubation at
room temperature for 48 hrs. Median lethal concentration (LC50) was calculated from three

independent experiments using Probit analysis (11).

Cell Lines and culture conditions



Human cancer cells, melanoma SK-MEL-28 (ATCC HTB-72) and papilloma
carcinoma KB (ATCC CCL-17) as well as normal human fibroblast Hs68 (ATCC CRL-1635)
were purchased from American Type Culture Collection (ATCC, Rockville, MD, USA). All
cell types were grown in an incubator at 37°C with 5% CO2 in Dulbecco’s modified Eagle’s
medium with a high glucose concentration (DMEM-HG; Gibco, Grand Island, NY, United
States) containing 100 pg/mL penicillin, 100 pg/mL streptomycin (Gibco) and 10% fetal
bovine serum (HyClone, Cramlington, UK). Medium was changed every 3 days, when they
reached 80% confluence.

Cell viability assay

Viable cell was assessed using MTT (3-(4, 5-dimethylthiazol-2-yl)-2, 5 diphenyl
tetrazolium bromide) assay (Sigma). In brief, cells were washed 3 times with PBS and detached
with 0.25% trypsin-EDTA. Viable cell density was counted by tryphan blue exclusion and
diluted with DMEM-HG to make concentration of 5x10* cells/mL. The cells were plated 24
hrs prior to testing in 96-well plates at a density of 5,000 cells/well in 100 pL of the medium.
Each protein toxin was dissolved in medium to produce 8 concentrations of 1000, 500, 250,
125, 62.5, 31, 15 and 7 pg/mL, respectively. After 24 hrs the cells were treated with the
bacterial toxin by adding 100 uL/well of each concentration in 3 replicates, then cells were
further incubated for 24 hrs before determining the cell viability by MTT assay. Human
fibroblast, KB and melanoma cell lines were washed three times in PBS and then incubated
with 50 uL of MTT solution (5 mg/mL MTT in PBS). After 45 min, the unreacted solution was
aspirated, and the insoluble intracellular formazan product was solubilized and released from
cells by adding 100 pL of iso-propanol and incubated for 10 min. The absorbance at 570 nm
was then measured using a plate reader spectrophotometer (VersaMax). Blank growth medium

and protein buffer were used as negative controls.

Hemolytic activity assay

Hemolytic activity assay was performed using human red blood cells (RBCs). RBCs
were washed several times in PBS by centrifugation for 3 min at 3,000 g until the supernatant
was clear. Then, RBC were diluted to 3-5% cells and mixed with purified BinA and BinB

protein at the concentration of 1 mg/mL. The reactions were incubated at 37°C for 30 min. The



reaction was stopped by centrifugation and the supernatant was removed. Hemoglobin were
measured using spectrophotometry at 541 nm. The 10% Triton X-100 was used as a positive
control and PBS was used as a negative control (blank). The relative absorbance compared to
that of the suspension treated with 10% Triton X-100 was calculated as the percentage of

hemolysis.

Results

Binary toxin expression and purification

The recombinant BinA and BinB proteins (pRSET C-BinA and pET28b-BinB,
respectively) were expressed in E. coli BL21 (DE3) pLysS. Both histidine tagged BinA and
BinB proteins were produced as soluble proteins under IPTG (0.2 mM) induction after
incubation at 18°C for 5 hrs. The proteins were purified by histidine affinity chromatography.
Non-specifically bound proteins were washed twice with wash buffer containing 25 mM
imidazole and 50 mM imidazole, respectively. The bound (His)6-tagged BinA and BinB were
eluted with elution buffer containing 100 mM and 250 mM imidazole, respectively. The
imidazole was removed by desalting column. The (His)e-tagged BinA and (His)s-tagged BinB
proteins appeared as major bands of 42 and 51 kDa, respectively. The purified proteins are
shown in Fig 1. The high purity of the binary toxin was achieved with an approximate 95%
purity indicating the efficient protein purification.

Mosquito larvicidal activity of binary toxin

The mosquito larvicidal activity of the binary toxin was tested against the 2"-instar
Culex quinguefasciatus larvae. The mortality was recorded after feeding toxins for 48 hrs. The
median lethal concentration or LCso was calculated by using the probit analysis. The BinB
protein was used as a negative control. High toxicity was achieved when BinA and BinB were
combined at 1:1 molar ratio (Table 1). Neither BinA nor BinB alone was significantly toxic to

mosquito larvae although high protein concentration up to 1 mg/mL was applied.

Anti-cancer activity of binary toxin



The cytotoxicity of the binary toxin was also tested on other target cells including
human cancer cells and normal human cells. Upon binary toxin treatment, BinA and BinB
proteins were evaluated for anti-cancer activity. The effects of binary toxin on several types of
cancer cells including human papilloma KB cells and melanoma SK-MEL-28 cells showed the
apparent induction of cell swelling and bursting of target cells (Fig. 2A). Whereas normal
human fibroblast cells treated with the binary toxin showed intact cells as spindle-shaped. The
killing efficacy of Bin toxin against these human cancer cells and normal human fibroblast
cells was also studied using MTT assay. The binary toxin was found to have consistent
cytotoxic activity against both human cancer cells at a dose of 1 mg/mL (Fig. 2B). There were
the dramatically significant decreases in cell viability compared to untreated cells. Binary toxin
(BinA+BinB) exhibited higher cytotoxicity to human melanoma than to human papilloma
cancer cells whereas BinB protein exhibited higher cytotoxicity towards human papilloma than
to human melanoma while BinA protein showed comparable toxicity towards both human
papilloma and melanoma cancer cells (Fig. 2B). However the binary toxin, BinA alone and
BinB alone showed no cytotoxic activity towards normal human fibroblast cells that remain

similar to untreated cells.

Hemolytic activity of binary toxin

Hemolytic activity assay was performed by using human red blood cells (RBCs). The
three samples of binary toxin, BinA, BinB and BinA+BinB mixture were incubated with RBCs
at 37°C for 30 minutes. The hemolytic activity was assessed by measuring hemoglobin released
in the supernatant. In comparison, BinA and BinB alone did not show the hemolytic activity
when compared to TritonX-100. The increasing of hemolysis was observed for the mixture of
BinA+BInB toxin, but it is insignificant comparing to TritonX-100 (Table 2). The result

suggested that Bin toxin did not have the ability to lyse human red blood cells.

Discussion and Conclusion

Despite mosquito larvicidal actions of L. sphaericus binary toxin inside the Culex
midgut cells as the primary target have been widely reported, there are no evidences of the
effects of binary toxin on other non-target cells including cancer cells and red blood cells. In
this study, the biological activity, cytotoxicity on cancer cells and hemolytic capacity of binary
toxin have been determined . Naturally, binary toxin is produced as a crystal toxin inside L.

sphaericus during sporulation phase. Here, binary toxin was produced as soluble recombinant



proteins by E. coli BL21(DE3)pLysS. The larvicidal activity on target cells of these soluble
recombinant binary toxin is shown by high toxicity to C. quinquefasciatus larvae with LCso
about 17 ng/mL that is in the range of a previous report (12). Thus, the binary toxin have been
used as one of the biological insecticides. The reason for using biological insecticides instead
of chemical insecticides is not only to avoid the negative effects of chemical insecticides but
also that biological insecticides have no adverse effects on human (2). In addition to the toxicity
to target insects, the cytotoxic action of binary toxin on cancer cells and hemolytic activity on
red blood cells were simultaneously investigated. Interestingly, upon binary toxin treatment in
human papilloma and melanoma cancer cells, both binary toxin subunits, BinA alone and BinB
alone induced alterations in cell morphology, with either cell swelling or bursting, and
subsequent cell lysis. Moreover, the binary toxin can kill human cancer cells; melanoma SK-
MEL-28 and papilloma carcinoma KB as a result of the marked reduction of cell viability via
the measurement of MTT assay. An advantage of the binary toxin is that no cytotoxic effects
appeared on the normal human cells. Previous study has provided evidence that the binary toxin
causes the decrease in mitochondrial energy production and metabolism as shown by down-
regulated NADH dehydrogenases and protein transporters (13). The binary toxin also induces
apoptosis through intrinsic pathway in Culex larval cells, leading to larval death (5). Notably,
the cytotoxic effects of Aeromonas hydrophila aerolysin type B-pore forming toxins which is
similar to BinB structure can induce apoptosis by perturbing host membrane permeability and
allowing the leakage of cellular components via pore formation (7, 14, 15). In addition, the

concentration of binary toxin (1 mg/mL) for anti-cancer activity is higher than that of larvicidal

activity (LC,, = 17 ng/mL). Thus, it is likely that binary toxin could exert its activity via pore

forming action on cancer cells, probably causing the disruption of membrane integrity and
increasing permeability. Together with the role of apoptosis in the inhibitory effects in cancer
cells, it is possible that the pore forming action of binary toxin could kill human papilloma and
melanoma cancer cells through the pathway of apoptosis. In addition, the hemolytic activity
test was carried out concerning its cytotoxicity. The result revealed that binary toxin could not
lyse the human red blood cell. This would promise the safety of binary toxin as a cancer-
treatment drug. It has been reported that bacterial toxin can selectively recognize lipid on
susceptible cell membrane (16). The direct interaction with membrane lipids is also possible to
take place for binary toxin (17). Accordingly, the susceptibility of cancer cells might be
supported by different composition of membrane lipids on the cell surface. Transmembrane of
cancer cells facilitate the lipid membrane flipping from inside to outside. However, the specific



protein receptor of cancer cells cannot be excluded from the activity of binary toxin. The
findings promise a possibility of bacterial toxin as a candidate for anti-cancer substance that
focuses on damaging cancer cell membranes instead of binding to specific receptor.
Alternatively, the proposed pore forming action of binary toxin could facilitate the entry of
other chemotherapeutic drugs into cancer cells.

In summary, this report is the first to identify a binary toxin from L. sphaericus
exhibiting cytotoxic activities against human cancer cells. However, the anticancer activity and
specificity of the binary toxin still necessitates further investigation for more cancer cells. For
the future work, lipid membrane interaction of binary toxin will be performed for model lipid
bilayer specific to cancer cells and normal cells. In addition, the mechanism of action also

needs to be clarified.
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Figure legends

Fig. 1 12% SDS PAGE analysis of purified binary toxin proteins
Lane 1 Purified BinA protein (42 kDa)
Lane 2 Purified BinB protein (51 kDa)
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Fig. 2 Cytocidal activity of binary toxin on human papilloma KB cells, melanoma SK-MEL-
28 cancer cells and normal human fibroblast Hs96. Untreated cells were used as negative
control. A total of 5x10* cells/mL was pre-incubated at 37 °C for 24 h and then treated with
BinA+BinB, BIinA or BinB (final concentration, 1 mg/mL) for 24 h at 37 °C. (A)
Morphological alterations of cells induced by binary toxin (BinA+BinB), BinA or BinB. (B)
% Cell viability of Bin against cultured cancer cell lines and normal cells was determined using
the MTT assay. Means + SEM are shown. Each error bar represents the standard error of the
mean (SEM) from triplicate experiments by One-Way ANOVA. Statistically significant
differences between untreated control and toxin treatment group are indicated by asterisks (* p

value < .05 and ** p value < .001).



Table 1 Mosquito-larvicidal activity of the purified BinA and BinB against Culex

quinquefasciatus larvae. The mortality was recorded after feeding the toxin for 48 hours.

Sample LCso™
BinA >1000 ng/mL
BinB >1000 ng/mL
BinA + BinB 17 ng/mL

* The LCso (median lethal concentration) was calculated from three independent experiments

by using Probit analysis at 95% confidence.



Table 2 Hemolytic activity of 1 mg/mL Bin toxin. Human red blood cells (RBCs) were

incubated at 37°C for 30 minutes. Values are mean+=SEM of three independent experiments.

Sample % Hemolysis
BinA 1+0.64
BinB 1+0.30
BinA + BinB 2+0.19
10% TritonX 100 100 £0.01
PBS 0+0.01
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