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NTNHA Al:

1

6l
121
181
241
301
361
421
481
541
601
66l
721
781
841
901
961
1021
1081
1141

NTNHA AZ2:
1
6l

121
181
241
301
361
421
481
541
601
66l
721
781
841
901
961
1021
1081
1141

NTNHA B:

Clostridium botulinum A str.

mnindnlsin
ggiydsnfls
nmitfgsapk
nntviykked
dlvipyrlrs
iyeteiegnn
kgyykidype
dglkstvddf
fspvgkitst
fyldsikdns
tsdsfveefq
fkkiyynfld
almnltttnt
kefigkctni
yafkepgnnv
sfsiyfwlrn
nswhyitisv
nkpttsgevl
inntnnlnlg
akkmiisndi

513

AT

CC 350.

spvdnknvvv vrarktdtvi kafkvapniw

gdsekdkflqg
snkklnslis
aengmgtmte
elenieysqgl
aigndiklrl
nysingfvng
ysnykipynr
reintnipwp
pidtdkkyyl
nlgaislink
awwtqyysqy
lrdisnesqgi
nedeklqglin
igdasgknts
lgkdtikskl
drlkeqllif
snyfevlnns
askfkllsin
fisncltlsy

aiitllkrin
stipfpyagy
iwfgpfltyk
nivdllvsgg
kgkfrinind
ginaglslsd
ayeyhfnnsn
inylgagntn
wlreifrnys
kenlsmpiie
fdlicmakrs
amnnvdsfln
gqnvinsldfe
ieyskdiglwv
igskedncgw
iddnlvanes
yirdsneerl
pnkgyvagkld
ngkyiclsmk

FIG. 5A

Clostridium botulinum A2 str.
slidnrdvai vrgrktdtff

mkinnnfnid
ggiydsnfls
nylvskdngh
fyvdpaleli
klldtnpywt
Inlsyfstef
niinkpelvv
vnveelinnip
slssdfskvi
etgevntpcg
pnsmlnlsfk
etlikkiigk
cviegniysk
enlkslfsse
sdalylngsn
gdtglvinmi
lniyssniis
tyglynyvis
silgnmekyi
nwmicnndms

Clostridium botulinum

tndekdeflqg
yytanlvifg
kclikslyyl
tdnyfidapk
eimmpeifnn
nlinenntvl
pindadiypy
sskdrslvys
inkvvpwlgk
dlsenlfnrf
klsylignsn
fisfmeqgcin
tallikeets
gsisfsndff
dsngnekniy
llsennpsyi
dkpicevkgn
disednrlqgl
kylylwsfk

atvkilgrin
pgtnivenna
ygikpsddls
nfekykndye
alnhyyrkey
mksnvygdgl
rknsdpfipv
fldntidyld
alnilntgns
sknnsyfeki
issdnlalmn
ninkntrefi
pyelvlyafqg
engltnsfsi
lsdvsnnswh
egltilnkpt
nniyltinnt
idnkngakkm

FIG. 5B

Bl str. Ok

stnageklls
retnylssed
ydefyidpai
idpkfintdp
iwelnlnyfs
rngdiinkpe
dssldnvnig
nekfslssdf
fditatgein
syeipndmlg
vlagetlikr
naaicvfesn
flnignmksl
yginsdalyl
eiyfqgdtglv
ikeilniyss
eynktyglyn
eviisvldnm
denhnwmicn

Kyoto
kvigvapniw
nnvigaklls
iyykkedsen
ipyrlrseln
tkiknnndia
yvidyfknyn
kgtmdnfyaa
ynitetkein
sikydepidt
fieefkslgp
yydfldgwwt
ltttntlrdi
gkctnitene
epdnnaigda
yiwlrnlgkd
yitisvdrlk
tsgevlnnyf
nnlnlgpskt
iisndmfisn

ra

(WP 003404192.1)

(YP 001253341.1)

vaperyyges lsideeykvd

listaipfpy
nksfyasniv
elikecliksl
ywitdnyfsn
kefsimmpdr
eiinllngnn
vidnipeiid
vevvsskdks
tncginkvvt
lplndlnekl
iigkklsyli
iypkfisfme
fssetallik
ngsngsists
fnmidsngne
niisllsenn
yvisdkpice
ekyidisedn
ndmskylylw

(WP 012704905)

gyigggyyap
ifgpganive
yilygikpsd
akkvfedhrn
fnnalkhfyr
vslmrsniyg
vnpykencdk
lvysflsnvm
wfgkalniln
fniyskntay
gnsnissdnl
gcinninikt
eetwpyelvl
ndffengltn
kniylsdvsn
psyiegltil
vkgnnniylt
rlglidnknn
stk

(SEQ ID

iaperyyges lninedgksd

listaipfpy
gmgtmseiwf
sfeyseldmi
nsiklylegk
ingfingqgik
vkipynigde
tttplsvnyl
dkkyylwlke
islinkkeni
qyysqyfdli
snesgiamnn
klglingnif
sakntsieys
tikskligsk
egllifiddn
kvlnnsyird
kllsinsnkg
cltlscggky

(SEQ ID NO:

evkpgdyrgt
apfltykygqg
dflisggtey
fktnagdiwe
tilplskynk
yhinysylnn
gagvtnsndi
ifrnysfdmt
tmpkieidei
cmakksilaqg
vdsflnsaai
ssldfdflni
kdidlvygin
edncgweiyf
lvanesikei
sneerleynk
yvgkfdevii
iclsmkdenh

1 mnindnlsin spvdnknvvv vrarktdtvf kafkvapniw vaperyyges lsideeykvd

FIG. 5C

(SEQ ID NO:

NO:

24)

22)

23)



6l
121
181
241
301
361
421
481
541
601
66l
721
781
841
901
961

1021
1081
1141

NTNHA Cl:

ggiydsnfls
nmitfgsapk
nntviykked
dlvipyrlrs
iyetgiegnn
kgyykidype
dglkstvddf
fspvgkitst
fyldsikdns
tsdsfveefq
fkkvyfnfld
Imnlatektf
afigkctnit
tlgednnkvi
fsicfwlrnl
nwyyisisid
rsitseevvn
kdtnnlniqgg
akriifnndi

Clostridium botulinum C1

gdsekdkflqg
snkklnslis
aengmgtmte
elenieysqgl
aigndiklrl
nysingfvng
ysnykipynr
reintnipwp
pidtdkkyyl
nlgpislink
gqwwteyysqy
idlsnesqgia
edeklqglikl
edisgkntlv
gediitskli
rlrngllifi
nyfsylnnsy
akfklinida
fmpncltfay

6/13

aiitllkrin
stipfpyagy
iwfgpfltyk
nivdllvsgg
kgkfrinind
ginvglslsd
ayeyhfnnsn
inylgagntn
wlreifrnys
kenlsmpiie
fdlicmakgs
innindflnk
ntfmnidfef
kysdsislvy
enkadncgwe
ndkliangsi
irdisgerle
nkgyvgkwde
nnkylslslr

stnageklls
retnylssed
ydefyidpai
idpkfintdp
iwelnlnyfs
rngdiinkpe
dssldnvnig
nekfslssdf
fditatgein
iygipndmlg
ilageklikg
saicvidtni
fdigsikdli
gvngdalylk
iyfennglvt
egilniyssn
ynktyelyny
gvvcllgdee
drnynwmicn

FIG. 5C Continued

(YP 398515.1)

MDINDDLNIN
GGIYDSNFLS
NIFTFGKTPK
NNVIYYKKND
NLVVPYRLRT
IYKTEIEGNN
KQYYTMDYTD
DGLKGTTEDF
LVFTQITSMT
SYLETIKNDG
TSNSEFVEEYQ
FKKIYFSFLD
LIRETTEKTF
EFTIQRCTNIN
ASKGPNSNII
FTICFWLRET
NWYYISISVD
NPITSEEVIR
KNTDGINISS
AKKITVNTDL

SPVDNKNVVI
QDSERENFLQ
SNKKLNSLVT
AENGMGTMAE
ELDNKQFSQL
ATGNDIKLRL
NYNINGEVNG
YSTYKIPYNE
EEVTTHTALS
PIDTDKKYYL
DSGAISLISK
QWWTEYYSQY
IDLSNESQIS
DNEKSILINS
EDISGKNTLI
GKNDDKTRLI
RLKDQLLIFI
NYFSYLDNSY
VKFKLINIDE
FRPDCITFESY

VRARKTNTEF
ATITILLKRIN
STIPFPFGGY
IVFQPLLTYK
NIIDLLISGG
KQKFQINVQD
QINTKLPLSN
EYEYRFNDSD
INYLOAQITN
WLKEVFKNYS
KDNLREPNIE
FELICMAKQS
MNRVDNFLNK
YTFKTIDEFKFE
QYTESIELVY
GNKVNNCGWE
NDKNVANVSI
IRDSSKSLLE
SKVYVQKWDE
NDKYFSLSLR

KAFKVAPNIW
NTISGKQLLS
RETNYIESON
YNKFYIDPAM
VDLEFINTNP
IWNLNLNYFC
KNTNIISKPE
NEFPLNNISIE
NENFTLSSDF
FDINLTQEID
IDDISDSLLG
ILAQESLVKQ
ASICVFVEDI
LDIQSIKNFEF
GVNGESLYLK
IYFEDNGLVFE
DOILSIYSTN
YNKNYQLYNY
CIICVLDGTE
DGDYNWMICN

FIG. 5D

(SEQ

VAPERYYGEP
LISTAIPFPY
NKNFYASNII
ELTKCLIKSL
YWETNSYEFPN
QSEFNSIIPDR
KVVNLVNENN
EVDSIPEIID
SKVVSSKDKS
SMCGINEVVL
LSFKDLNNKL
IVONKFTDLS
YPKFISYMEK
NSQVEQVMKE
SPNETIKEFSN
EITDSNGNQE
IISLVNKNNS
VFPETSLYEV
KYLDISPENN
DNNKVPKGAH

listaipfpy
nksfyasniv
elikecliksl
ywitdnyfsn
kefsimmpdr
eiinllngnn
vidnipeiid
vevvsskdks
tdcginkvvt
lplndlnekl
iignklgdlf
ypkfisfmeq
tsetdlikee
epdesvsisn
sivdcngnee
tislvnennp
vipenslyev
kyvdissenn
nndnipkaah

ID NO: 25)
LDIAEEYKLD
GYIGGGYSSP
IFGPGSNIVE
YFLYGIKPSD
SIKMFEKYKN
FSNALKHEYR
ISLMKSNIYG
INPYKDNSDN
LVYSFLDNLM
WEGKALNILN
YEIYSKNIVY
KASIPPDTLK
YINNINIKTR
ILSPYQLLLF
KEFTNGLTNN
SVYLSNIIND
IYVEELSVLD
NDNNKSYLSL
RIQLVSSKDN
LWILES

gyigggyyap
ifgpganive
yilygikpsd
akkvfedhrn
fnnalkhfyr
vslmrsniyg
vnpykencdk
lvysflsnvm
wfgkalniln
fniylknily
kadismdkln
cinsvnsnvt
kesdynlflf
kafengltns
niylsdvisk
iyieglsiln
tennniylsi
riglvnskdt
lwalkgi
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NTNHA D: Clostridium botulinum D (BAA75083.1) (SEQ ID NO: 26)
1 mdinddlnin

6l
121
181
241
301
361
421
481
541
601
66l
721
781
841
901
961

1021
1081
1141

NTNHA E:

6l
121
181
241
301
361
421
481
541
601
66l
721
781
841
901
961

1021
1081
1141

ggiydsnfls
niftfgktpk
nnviyykknd
nlvvpyrlrt
iykteiegnn
kgyytmdytd
dglkgstedf
lvitgitsmt
syletikndg
tsnsfveeyqg
fkkiyfsfld
lirettektt
efigrctnin
askgpnsnii
fticfwlrft
nwyyisisvd
npitseevir
kntdginiss
akkitvntdl

spvdnknvvi vrarktntff kafkvapniw

gdserenflqg
snkklnslvt
aengmgtmae
eldnkqgfsqgl
aigndiklrl
nyningfvng
ystykipyne
eevtthtals
pidtdkkyyl
dsgaislisk
gqwwteyysqy
idlsnesdgis
dneksilins
edisgkntli
gknddktrli
rlkdgllifi
nyfsyldnsy
vkfklinide
frpdcitfsy

Clostridium botulinum

mkingnlnid
ggiydsnfls
nylssknneh
fyvdpaleli
kllntnpywt
Inlsyfskef
eiinkpeliv
vnieeiekip
nlssdflkvi
tgeisngfgd
ssmlnfsfkd
klikkligkg
vienniypkt
nmkklfnsyt
naihltgang
nnglviniid
niyssdiisl
yelfnyvipe
vldgtekyld
nwvicdlnhd

spvdnknvai
tnnekdeflqg
yytanlvifg
kclikslyyl
idkyfidtsk
gimmperynn
nlingnntvl
pindediypy
sskgslvyst
tkiipwigra
lsenlfniyc
lrylmensni
tsfmeqgcikn
ellikeqgtsp
nikftndyfe
sngnekniyl
lsdnnnvyie
iainkieqgnn
isidnnriqgl
ipkksylwil

aiiillkrin
stipfpfggy
ivigplltyk
niidllisgg
kgkfginvgd
gintklplsn
eyeyrfndsd
inylgagitn
wlkeviknys
kdnlrepnie
felicmakgs
mnrvdnflnk
yvtfktidfkf
gytesielvy
gnkvnncgwe
ndknvanvsi
irdsskslle
skgyvgkwde
ndkyfslslr

FIG. 5E

type E (WP

vrsrksdvif
atikllgrin
pgsniiknnv
ygikpndnln
nfekykndye
alnhyyrkey
mksniygdgl
rknadtfipv
Inntmdylef
Inilntnnst
knnfylkkiy
sstnlilinl
inkstkefil
yelslyafqge
ngltnnfsiy
snisnkswhy
glsvlnktin
niylsnnnen
vdnknnaktf
kni

FIG. 5F

ntisgkqglls
retnyiesqgn
ynkfyidpam
vdlefintnp
iwnlnlnyfc
kntniiskpe
nfplnnisie
nenftlssdf
fdinltgeid
iddisdsllg
ilageslvkqg
asicvivedi
ldigsiknff
gvngeslylk
iyfednglvt
dgilsiystn
ynknyqglyny
ciicvldgte
dgdynwmicn

003409842)

kafgvapniw
nnvvgaklls
iyykkeyaen
ipyrlrnefn
ikiknnnyia
yvidyfknyn
kgtvdnfysn
ynitkakein
ikydkpidtd
veefknlgpi
ynfldgwwtqg
tttntlrdis
kctninetek
gdnnvigdts
fwlrnlngnt
ivisinrlkd
sneiltdyfs
slnfkplkfk
iinndifisn

vaperyygep ldiaeeykld

listaipfpy
nknfyasniv
eltkcliksl
ywitnsyfpn
gsfnsiipdr
kvvnlvnenn
evdsipeiid
skvvsskdks
smcginevvl
1sfkdlnnkl
ivgnkftdls
ypkfisymek
nsqgveqgvmke
spnetikfsn
eiidsngnge
iislvnknns
vipetslyev
kyldispenn
dnnkvpkgah

variant

iaperyyges
listaipfpy
gmgtmleiwf
sleyseldmi
nsiklylegk
ingfkngqgik
yiipynlnye
tttplpvnyl
kkyykwlkai
slinkkenit
yysqgyfdlic
ngsgiainni
shlimgnsfs
gkntlveypk
ikskligske
gllifidnil
dlnnsyirnf
llntnpnkqgy
cltltynnvn

(SEQ ID NO:

gyigggyssp
ifgpgsnive
yilygikpsd
sikmfekykn
fsnalkhfyr
islmksniyg
inpykdnsdn
lvysfldnlm
wfgkalniln
yeiysknivy
kasippdtlk
yinniniktr
ilspyglllf
kfftngltnn
svylsniind
iyveelsvld
ndnnksylsl
riglvsskdn
lwiles

lkinedgksd
enntedyrgt
gpflthkyde
dflisggidy
fkinvkdiwe
tklplskynk
hsinysyldn
qagmidsndi
frnysldite
ipkikideip
masksvlaqge
dkffnnaamc
nldfdfldiqg
diglvyginn
dncgweiyfe
vanedikeil
deeilqgynrt
vgkwdevifs
vylsikngdy

27)
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NTNHA F: Clostridium botulinum type F (YP_001390122.1) (SEQ ID NO: 28)

l1MKINDDLNINSPVDNEKNVVIVRARKTNTITFF
SIKAFQVAPNIWVAPERYYGEPLNISDOQEEKSD

6l GGIYDENFLEKENSEEKEEFLQAIIILLLIZEKRIN
9 NNIIGQKLLSLMCTSIPFLHEYEKOQGDYROS

12ZI NYLGSKNSEYLYSANIVIFGPGSNIVEKNNT

15T IYYKKNFAENGMGTMAEILFQPFLTYEKYNDO

181l FYADPALELIKCLIEKAIYFLYGIU KPNDNLN

21 T PYRLRNEFSNVEYSELNIIDPFLTISGGTIDY

241 KFINTNPYWFIDNYFIDVPKVFEEKHEKNDYE

271 INIKNNSEIGTSIKLYLEQKFKTNVQDTIWE
30l LNLSYFSKEFQIMMPEEKHNNALEKHYYREKEY
331 YKINYSKQYDINGFVNGOQOQIATEKLLLSEIE KNDO
36l YT INKPQLIINLINEKSNNSLLMEKSNTIYGDG

391 LNGTTDNFYRNYKIPDNIAYQYHPNNTYLD

422 NVNIEEINNIPOQITDADIYPYTNNCDTTFEFTIP

451 T YNITOQSREINTTVPYSINYLQQSQIMNSDD

481 I T LS SDFWEVVCSNDEKSLVYSYLDNVINYTL

511 DSIKNNTPINTDEKEKYYLWLEKETITFRNYSFDI

S4] TATEEITTECGINEKIVSWFGKAFNTILNTTZDN

571 S FKIEFQNSGAIALINEKKDNTITIIPEKTIETIDE

60l MPNSMLNLSFEDLNEOQLYSIYSKNITYFZKTHK

63l IYYNFLDQOQWWTEYYSQOCQYFDLICMAKEKSTITLA

66l OENLIKKIIOQKKISYLIGASNIPDDILAVM

691 RLTTTNTLRDISVESQCIAMNNILNNTEFLNEKAA
721 MCVFQSNIYPKFISFMEOQCIEKHINEKSTIE KETF

1 IQKCTNINETEKLQLIMONSEFEFSNILDEFDTFTLD

71 IQONMEKNLFNSYTELLIEKEOQTSPYELSLYATF

B11 EEQDNNVIGDASGEKNTLVEYPKGIELVYGTI

84l NN SALYLNGSNOQSIIFTNDYFENGLTNSTES

871 I Y FWLRNLGOQDTIEKSKLIGSEKEYNCGWETIY

90l FOEIGHVFNMIDSNGNEEKNIVYLSDVSNNSZSW

93l HY ITI SVDRLEKEQLLIFIDDNILVVNESTIK KD

961 I LNI YSSNIISLLSDNEKASYIEGLTTIVLNIKTEP
91 TTGEEVLRNYFKNLNNSYVRDSNDERILETYN

1021 KTYQLYDYVFPDNPICEVEKQCDNNTIYLTTINN

1051 INNLNMEKPCKFKLLSINSNEKOQYVQKWDEVTI

1081 I s VLYDTEKYVCISNENNRVEKIIDNEKIMOQYV

1111 K FIISNDIFISNCLTHAHNNIEKYICLSMEKDE

JI4] NYNWMICNNESNIPEKEKAYLWIULE KEYV

FIG. 5G
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clostridium botulinum {Clostridium argentinense) type & ATCC

G

NTNHA

28}
1 mkinsnltin spidnknvvi vraretskff kafkvapniw vaperyyges lsieeskkvn

61l ggvydsnfls gnnekdkflqg aiitllkrin sniageklls lvstaipfpy gyigggyycp
121 nivtfgstik ynkkinslis ttipfpyggy retnylsskd tenfyaaniv ifgpganive

{SEQ ID NC

27322 {CARE1228.1)

181 nntvfykked aengmgtmae icfgpfltyk ydgfyvdpal elmecliksl yflygikpnn
241 nltvpyrlrn elsniefsqgl sivdllisgg idskfintdp ywfidsyfsn akttfeehks

301 iyeteikgnn aigndiklrl kgkfgttvhd iwglnldyfs kefgimmpyr fnnalkyyyr

361 keyykidype kysiagfvdg glntglslsd kngyiinkpe livnlisenn islmrsniyg

421 dglkyttdnf ystykipynr ayeyhfnnss tsslenvnve eisnipeiid inpyrensdi

481 fspveniiet kevntktpwp inylgagipn neeftlssdf sqvvsyktgs lvysflsnvi

541 syldsvkdtn pidtdekyyl wlreifrnys fditaieein tscginkvvs wifgkalniln

601 tsnsfvkefk nlgpislink kenlsmpiie vneipndmlg lslkdlnekl fniylknily

661 fkkvyfsfld gwwteyysqy fglicmakgs ilagenlikk ivgkklsdls kgsnisnekl

721 nlmnlttekt fidlsngsgi amnninnfln kaaicvfesn iypkfisfme gyinninikt
781 tafirkctni tekeklglin gntfnnldfe ffdigtienl ltsetnliik ektspydlll

841 fslgeadrkv ikdisgkdtl wvgysdtidls ygvngdalyl kepngsvnfs nnifengltn

901 sfsicfwlrn lggdnlssnl ignivnncgw giyfennglv fsmvdcngne kniylsdvls

961 kywyyisvsv drlrnkllif indklivnes ieqgilniyss niislvnenn picieelsil

1021 nkaltseevl nsyftnlnns yirdsygarl eynknyelyn yvipenslye viennnmyls

1081 iknikntnil gakfklintd eskqyvgkwd eviicvlgdt ekyadigagn nriglvnskd

1141 narkiivnnn ifrpncvlfs ynnkylslsl rnrnynwmic ndnsfipkha hlwilkki

FIG. 5SH

30)

(SEQ ID NO

(WP 012450714.1)

Clostridium botulinum type E

NTNHA E

o
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pH 6

NTNHA

NTNHA:BoNT complex

///G/)////

SH:GST-NTNHA §

1 hrincubation Binding Buffer

° (50 mM MES, 150 mM NacCl, pH 6)
\\\\\\\\\\\\\\\\\\\\\\\\\\ !
QGST—NTNHA.BONT\§
\ complex &

Wash |: remove contaminants

o
A N \\\\\\\\‘“\\\\\
I (binding buffer)

FIG. 6C

l + protease (activation)

RNy
QRS NNy
S A

N
§OST-NTNHABONTN ivation of bound BoNT

\  complex 2-4 hr, RT
&ndopmteinasg@“ '

s
A

Y

Wash II: remove protease
(binding buffer)

Elution
(50 mM Tris, 150 mM NacCl, pH 8)

i

///'

%/

@

Regenerated

Purified, Activated
GSH:GST-NTNHA

BoNT

FIG. 6B
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FIG. 8A FIG. 8B FIG. 8C
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~180 kD

~100 kD

~55 kD

Coomasie a-BoNT/A

FIG.9





