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W E: K542 5% (botulinum neurotoxins, BoNTs) 2 —F#F 42 H & a K, TRKEAL RiLE
AR T EM N-CHA L RBEE AR T W A& 4@ % K (soluble N-ethylmaleimide factor
attachment protein receptor, SNARE). H# ¥, % /&40 %K% & (synaptobrevin-2, Sb2),Z BoNTs £ & ¥
®149 SNARE & & X —. KA G AL —H I TEA4) BoNTs &M A%, A Fories Sb-2 4
BoNTs. % F SNARE & & £ Az A+ 09 Z ERF M, Sncl A= Snc2 A& BB B4 F Sb-2 49 Fl R4,
AFRAMET i85 SNARE 6% @, HF Snc2 F 49 SNARE 45 #3% 49— 4% Sb-2 4948 52 X
RPTEAR, A Snc2/Sb2-4 # 4% & 7T VA% BoNTs PTi2%]. @ -F Sncl #= Snc2 £ BEH = FapT L5
4, FEIAEEH Snc2/Sb2-4 # A% & 49 SnCIASNC2ABE & ¥, ¥ Sb-2 & & 49 BoNTs (&L.4& BoNT/B
EMEALEREBMTIOTFOHRKE, Ko, EFARBEAT, BoNTs & & 6 R0 oL Lok R
. FRRAFE AR TR BoNTs FMHA384 . XA MR EE T TABERAIE
RROPAE B G T FaE, dmR ekt BoNTs #97& K. R&, AMRATRE@EMENKE T
ARG ) FAR I 5 AT BoNTs, £ 4895 TAEIEA ST 49 BoNTs #= BoNTs #7#|#]. % F BoNTs /-
Z R T Ue R An EBARIR, AR FRA B A K INFRACEA LR N6 BoNTs RAEH /1 X 3.
KBIE: AEMNELHEF;, EAMXEEY; TEME N-CADRBEERARRETHEES K
(SNARE); BRIEB#; JaT
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Construction of a yeast cell-based assay system for synaptobrevin-2-
targeting botulinum neurotoxins

JIANG Yao, CHEN Shilin, LI Yuqing, SHEN Jia, Nakanishi Hideki"

School of Biotechnology, Jiangnan University, Wuxi 214122, Jiangsu, China

Abstract: Botulinum neurotoxins (BoNTs) are neurotoxic proteins that can hydrolyze soluble
N-ethylmaleimide-sensitive factor attachment protein receptors (SNAREs) involved in the synaptic
vesicle fusion. Synaptobrevin-2 (Sb-2) is a SNARE targeted by BoNTs. This study aims to develop
a yeast cell-based assay system for Sb-2-targeting BoNTs. SNAREs are conserved in eukaryotes
and Sncl and Snc2 are homologues of Sb-2 in Saccharomyces cerevisiae. We constructed a
functional chimeric SNARE in which a part of Snc2 was replaced with that of Sb-2. The
Snc2/Sb2-4 chimera, instead of Sncl and Snc2, was recognized and cleaved by BoNTs. Since Sncl
and Snc2 are required for sporulation of yeast cells, in SNCIASNC2A cells harboring the Snc2/Sb2-4
chimera, the sporulation efficiency was significantly decreased by expression of Sb-2-targeting
BoNTs including BoNT/B. However, in wild-type yeast cells, the effects of BoNTs expression were
negligible. Thus, sporulation efficiency was used as an indicator of the activity of BoNTs in this
study. One advantage of this method is that BoNTs activities can be assessed by colorimetric
measurement of sporulation efficiency. Our yeast cell-based BoNTs assay provides easy and rapid
analysis of BoNTs, which is useful to characterize and engineer the neurotoxins. Furthermore, the
assay will be useful for mining of uncharacterized BoNTs and BoNTs inhibitors. BoNTs are widely used
for clinical and cosmetic purposes; thus our assay would be useful to find and modify useful BoNTs.
Keywords: botulinum neurotoxins; synaptobrevin-2; souble N-ethylmaleimide-sensitive factor
attachment protein receptors (SNAREs); Saccharomyces cerevisiae, spore

N 33 AT B #i 4 85 % (botulinum neurotoxins,
BoNTs)/Z FHFAR ZE AT 2143 1) —F ELA v o
R A", TR RS T WL
1 AR 2RI . IEAh, FE SRR T LA
IRERESE . TR, AR BoNTs LATHAS
F RS R, Bl — 258245 (BoNT-LC) fl— 25 H 5
(BoNT-HC)i i st Hzmi s, EM 4oy
AR, BoNT-HC H &R 4 4 KA 52 14
HIEE ST, PETSR S BoNTs f& Bl I 75 ML ik A 2]
PN, [E 5 BoNT-LC iINiES, 12
fifi BoNT-LC 7E4H Mo ihpkeik, L1148 m it
I EN1E 5 fish 8 00 Bl A o R v & 44 0% i
N- 2 5 I Sk it 0 Jie #5008k B F B B R A &2 4K

(soluble N-ethylmaleimide factor attachment
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proteinreceptor, SNARE)ZE (419, M4k ¥ ML 7 H
FRHE, BoNTs #4050k A-G 3t 7 R [A] 1M i
o AFE AR X ZICN AR SNARE
R AR B R EREYE, BN, BoNT/B
A DUFESEVE K A Sb-2 2 (1% SNARE X3
TERRZESE M, S fl{AAH CHR H (synaptosome-
associated protein, SNAP25) . % fil gl & 5 11
(syntaxin-1A, STXI1A) Fl % 1 A ¢ 5 & A
(synaptobrevin-2, Sb-2)J2 3K 8fj 5 fir % 1 F1 Fij i
AE I AZ OB AT X 3 4~ SNARE &4
AL 1 48 2 4 SNARE X, HEZEEE
M1 NFRER SNARE B &K, %8 A IRTERK
AR B OCEEMIEN, JEmah R
22366 JOT I A ORI, 5 P 3 B ML T AE L
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AW A PR, N AR 2 41 ) 22 il N
TRl A ML 5 R B X S A D W i R A AE AR )
o I PRV o Y3 Y = 2 B R /% s = i) OB 53¢
WA T 43 Wb /N, X — G #R
Ssol/2. Sec9 FI Sncl/2 FHAWMARITER, Bl
IHFLshY) syntaxin-1A. SNAP25 J% synaptobrevin-2
RlRIEE U, Hah Ssol F11 Sso2, Sncl A1 Snc2
ERE A AR 2 YR W ES S EAb, 1E
BREEBNERSZMT, Ssol/2, Sec9 Hl Sncl/2
VER 43U/ N5 R Rl 0 S, 2 5TE R
SNARE &A%, dFmifet s rpaat™, it
Hb, CUBERETEE IR Z (N B IR B IR) 1
B, SRR, OB BR T AR
AR LA ERASN, Spo20. Ssol A1 Sncl/2
S5 TR, XM fEEEh
FIFREA R4 R B, R AT Y 4 i B
A 42450, HNTMIMEUOCH T EERMEZ . AR
W2 . FeRBEZ U AR, RS SR
MufgnpEE HA 2 2450, NS H EE 50
JZF B-AIRAZI AR, A
BE e ANZ T A I RS 2 R 5 A BT IS 24 IR
N+ o

AW T NS IR A i (] %) = B2 ik Ak
PRAriE, B FHERBERFENRIEANRIER,
FE ik — 2 B A A Rl R LD, AT I 2
NG PR BRI U B A R R () SNARES 25 [
DD BIAL fd A B R 22 5, 38 % %) BONT-LCs
1) 2 K VR B KRR, N BoNT-

*® 1 AMRFFANESER

LCs FF /AN H & /K i B 4= BB Y SNARESs 25
FIRETT, BRI SIS EPEEEEA) SNARE X0 EHGN
XA A IE SNARE X3k, A itadim & E N
AERE BoONT-LCs A 30K A, Bl Sfisigic
I FEEERE TR R B T A G syntaxin-1A Al
SNAP25 ik 5 & 1 Ssol/syntaxin il Spo20/
SNAP25, I HAEMZ#E BoNT/C-LCs FirHHIs1),
PUHT, B WF5 R o I e Bk R R 45
TR #E ) Sb-2 £ F1#9 BoNT-LCs, {HiZ &R
ALK 10 4~ AR Sb-2 ) SNARE 5 (1Y 2 L iR
H A B P BRI RO 3 H BB ASI 4 BoNTs Fir
KA. AR FHE—AERTEHENA
TREREART I R 58, IR i R G 1R 2 50 )
Sb-2 #H AU BoNT-LCs., ItAh, ASHFZEJETEE
A Re A EERE AT AR, R ET DL
T 77 0 R A AR Ak R W BoNTs & 75 % Sb-2 2K [
) SNARE X3 A& #AEH -

N BY BT SR E RN T AR = SR N
B &4 Ssol/syntaxin-1A F1 Spo20/SNAP25 i &
H AN BRG0S0, M — A~
AT BoNTs Kl 248, AUA B FIRA /R
REE R RT3 0T I & BIE 7 R ws
PRS2 A % .

1 HE5FE

1.1 #8
1.1.1 SCIGEFK
AWIEFE BT A B R ROk 235 L3 1 AR 2,

Table | Saccharomyces cerevisiae strains used in this study

Strains Genotype Source

AN117-4B MATa ura3 leu2 trpl his3ASK arg4-Nspl lys2ho::LYS2rmel::LEU2 Laboratory preservation
AN117-16D  MATaura3 leu2 trpl his3ASK lys2ho::lys2 Laboratory preservation
HWIJ7-4B MATa ura3 leu2 trpl his3ASK arg4-Nspl lys2ho::lys2RME1::LEU2 This study
(snclAsnc2A) snclA::kanf/snclA::kan' snc2A::his5*/snc2A::hiss*

HWIJ7-16D MATa ura3 leu2 trpl his3ASK lys2ho::lys2 snclA::kan'/snclA::kan' This study
(snclAsnc2A) snc2A::hiss*/snc2A::his5*

HWIJ7 MATa/MATa ARG4/arg4-Nspl his34SK/his34SK ho::lys2/ho::lys2 leu2/leu2 This study
(snclAsnc2A) lys2/lys2 RMEL/rmel::LEU2 trpl::hisG/trpl::hisG ura3/ura3

snclA::kan'/snclA::kan" snc2A::hiss*/snc2A::hiss*

http://journals.im.ac.cn/cjben
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&2 AMRFTARRA
Table 2 Plasmids used in this study

Plasmids Genotype Source

pRS316TEF1pr-Sncl URAL, for expression of Shcl from TEF1 promoter This study
pRS314SNC2pr-Snc2/Sb2 TRP1, for expression of Snc2/Sb2 from SNC2 promoter This study
pRS314SNC2pr-Snc2/Sb2-1 TRP1, for expression of Snc2/Sb2-1 from SNC2 promoter This study
pRS314SNC2pr-Snc2/Sb2-2 TRP1, for expression of Snc2/Sb2-2 from SNC2 promoter This study
pRS314SNC2pr-Snc2/Sb2-3 TRP1, for expression of Snc2/Sb2-3 from SNC2 promoter This study
pRS314SNC2pr-Snc2/Sb2-4 TRP1, for expression of Snc2/Sb2-4 from SNC2 promoter This study
pRS314SNC2pr-Snc2/Sb2-5 TRP1, for expression of Snc2/Sb2-5 from SNC2 promoter This study
pRS426SPO20pr-BoNT/B-FLAG URAL, for expression of BONT/B-FLAG from SPO20 promoter This study
pRS426SPO20pr-BoNT/C-FLAG URAL, for expression of BONT/C-FLAG from SPO20 promoter This study
pRS426SPO20pr-BoNT/A-FLAG URAL, for expression of BONT/A-FLAG from SPO20 promoter This study
pRS426SPO20pr-BoNT/B8-FLAG URAL, for expression of BONT/B8-FLAG from SPO20 promoter This study
pRS426SPO20pr-BoNT/En-FLAG URAL, for expression of BONT/En-FLAG from SPO20 promoter This study
pRS426SPO20pr-BoNT/E12-FLAG URAL, for expression of BONT/E12-FLAG from SPO20 promoter This study

pRS426SPO20pr-BoNT/E12E213Q.-FLAG URAL, for expression of BONT/E12F213Q.FLAG from SPO20 promoter This study

pRS426SPO20pr-BoNT/BR¥7E.FLAG

URAL, for expression of BONT/BR¥7°E_.FLAG from SPO20 promoter

This study

1.1.2 ExFHE

PIR R RIS 1 LIKRIFHZ 121 °Cil
POKBH 15 min J5EH . 20% (FEE)H %
W B, BOKEA

YPAD §;i7E3: 20 g AW, 10 g BERF4R
B, 30 mg BRIERS, 20 g B (EAR: 7%
By, B KERHIE 55 °Cli, N 100 mL /Y
20% 7 % 7% .

SD }igidk: 6.7 g JLa BRI BE AU (yeast
nitrogen base, YNB), 20 g Iiig ¥y ([E 4 £ 35
Iy, KRG HIE 55°C, %H1 100 mL £ 20%
IR 2 ¢ AIEERIR YA

5-3FL I R (5-fluoroorotic acid, 5-FOA)-F
M (F FREBE Ura hnic Jiikr): 7E SD &4k 37 3
FITC Ty B FEAE F, BN 1 g /) 5-FOA KR,

YPAce 3553, 10 g/L ERHEEUY, 20 g/L
ER, 20 g/L BEFRER .

AR 20 g BERRER, LB FKE
KEIL,

LB i ¥k: 10 o/L JREFI, 5 g/L BEHE
PEEW, 10 g/L S4kaN, 20 g/L Bk (E s
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FRILHPN ) KGR EZE 55 °Chil 100 mg/mL #
5 % P8 Ak (ampicillin, AMP) 8 K I 55 %
(kanamycin, KAN)HT A % .

YPAD-G418 5 ## 3k 20 g ZE 5, 10 g%
BEERICY), 30 mg BRIERS, 20 g Btk (1A LE
FI), KEJEEHIZE 55 °Chill 500 mg G418,
1.1.3 X 5EE

Ready-to-use seamless cloning kit g F z7
Z R AEY R A BR A F; 5-FOA. AMP it
AR FE T AEY TRBEARGRAFP =)
I e (N @ ST 1 T L B v e R e |
HaEX S EWHAARAA,; &EAK DNA B
Flm R ERHE AR AR . DS-Ri 2 LR
W T Nikon 24 7] ;. LX-100 3 JH 250 HL1A
FUGI T AR DRI A BR A F] ;3 PCR AU F3L
PEAGIRAE; B T BT =LK IEEE R
Al PEIRPERARI TR MR RT .

1.2 7k
1.2.1 FEHKEE

T S AE Y AR R AT R T B P B sne2 S

o HARLIRINT . RFRFERERANFEE, R
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P PR TS B A R SR AR L IR 81, STt
A snc2 FEAFTE 50 bp WIEERSIY, &
1t PCR #4715 854 kan K £k,
ARG S alifb J5 5 AlEREY, 7E YPAD-G418
ok A b 0 e 45 F) snc2A B BHE e . BE
J&, TE snc2A W lEEE % A 316TEF-Sncl it
B B, BT A sncl FEFEGE 50 bp [A]JE
BR51Y, il PCR 15856 his JEH K
ety , R A fb s i AR
1E SD fik2H % /2 (histidine, His)J FAR | i 675
F| snclAsnc2A X i B BH M v B, S & k15
Snc1ASNC2A H. %7 316TEF1-Sncl Jii ki i) FAA%
IRIEBETA R, I R B 2 S BAs AR &
AR EERR, IR HWIT,

1.2.2 Rt

AWFFEAH T pRS314TEFSNC2pr-Snc2/
Sb2., —1. -2, 3. —4., =5 ki T Bk # #k
B4 [l e S 365 5 B E LT B DXk, i 28 Bk LA
R 220 B cDNA SCIE MR EF T PCR 37
W, A AMEBEEAN FEEESE
pRS314TEFSNC2pr-Snc2 MK I .

5 ki pRS426SPO20pr-BoNT/A . B. C.
E12. En-FLAG 43 3| LAFiK: 424TEFpr-BoNT/
A. B. C. E12. En-FLAG N#&#R, £ Spel#l
Xho I X[ Y) 5 5 [\ #¢ & X EE U) 4k 31
pRS426SPO20pr 1A % 12

BoNT/B8 i K#xAEMBHL AR wl A G
R R R A R /) W A AP
TSP C A FLAG FR% Y9 BoNT/B8 it
K, £ Spel fil Xho I XUEFYI G 55 [l FE 28 XU
AbFRIY 426SPO20pr ARARIER:, JRIIHAEE H
ki 426SPO20pr-BoNT/BS-FLAG .

1.2.3 BEERREk ik

TE 5 mL AHN R SRS rh A R, 30 °ChE
FEAK o B 0.5 mL A7 E 5 mL BT SF
Herp, 30 °CH;FRE ODeso=0.8—1.2 I, WA
A MKV 3 JCE /K A 100 mmol/L /Y LiAc I
WEEEEE, HE KM 50 mL 100 mmol/L )
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LiAc 1 B £ 5 5 95 °CAEFE 5 min J5 FHARVEAY
fik ft0ks DNA LA 240 mL 50% PEG, 16 mL
2 mol/L LiAc, 50 uL 74 R J5E ) PCR ¥4 ™=
Y, IR WEIE, WATEARN AR,
30 CCHEFRA IR 34 d. FeJm i PCR ik dk
75 35k TR i B3 1y 1 B T K o
1.24 BE—SHK

TE 5 mL AN 5 SRR EERE, 30 °C B
FER o HL0.5 mL B OB, A
W 75 BEBE (dithiothreitol, DTT). 50%% Z —
I (polyethyleneglycol, PEG). 2 mol/L LiAc i&
AT E— Ak 50 mL, 2 FE, ¥
VRAEAH N P e B B SR 0 b, e il O AR B
TEAS 205 A HH N SR 0 R 5L AL T o
1.25 Ko

¥ Snc2/Sb2 A ki b 2 HWI7 iEhE,
PR AL 78 5-FOA FAR FRIZ%, T
30 °C fHIREFFRA PR SR 2-3 d, MERRAK
T
1.2.6 F=RADH

PRBCA TR I5 R0 T 5 mL RE I 5B 26 9k A
BrgR e, 30 °C #RIRKE S . #Ah 1 mL
7 E) 50 mL 1) YPAce B53R%EEH, 30 °C #EIRIE 3R
24 h, BlJEH; YPAce RiR LR A& 0.5 h,
% B, A 50 mL 2% KAc, 30 °CHEAR4>
MREFE 24, 48, 72 h, EHUEHIEN
1.2.7 ZERERREEESH

R 1.2.6 M. BEREAHIAE 2%
KAc HH:55 48 h, ¥ 0.2 mL i FREF IR E T
96 fLARH, IR, BB A 285 nm,
KEFIK A 425 nm B OG(E
1.2.8 BIEGIT S

AW, BRI RN T £/ 3 41
AT R EESE , 15 A GraphPad Prism B4k 44
FIRURARTST t K, DIPHEGT k. 4
P<0.05 A G FAg e, BT
225 HA B,
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2 ZEREAMN e BoNTs-LC RBIN ANJRERHAR , THEfems
Bl ik AKEMZTE Sb-2 211 SNARE X,
I%M;I?EEIWLH%IJ BoNT-LC HIARILES A HACER RS Snc2 B A 1) SNARE X
i R, MR . T A B S UE T e RE A o
S T B L 10 EILRR A B2 SNARE IR, 2
ST R snc2 SR AR ITRIEIN . g e o prw g e b e A Sne2/Sb2 H:
b T B3iF synaptobrevin-2 & 75 G [A#h [ sncl F1 AEELEEAER Sz BEE 18). B,
sno2 PR TSR IO K LAR B, FT56H g et (T4 5-FOA AR 1 RIZE, S-FOA
T snclAsnc2ANUIR HAHt TEFL B30T g ) 0035 00 7% B 7 45 8 Sncl SR kT .
TEJ?EE/‘J S’IC].%E/‘J%HE, ﬁﬂ%‘lﬁt@%%ﬁiﬁ%g mClASﬂCZAXﬂ%{[@%@%{XﬁﬁEﬁ%%E’ }J\Wﬁ
% HWIT. SRTH, HWI7 BERRIBOF RS TI  hp OO S04 B 1R 75 A AR
WBONTS-LC. [RJREA) Snel/2 IR SNARE S50, Sne2/sb i A1 SR Sned
XIIEABER BoNTs-LC Frildl, BoNTs HAEW B 1 —FEARAEASIK & i T sncl Al snc2 5 [ Xk
BNEMZITH SNARE XK. i, g Bk A KEE(El 1B).,
A

34 51 73 91 115
Snc2 .EIDDTVGIMRDNINKVA ERGERLTSIEDKADNLAISAQG FKRGANRVREKQMWWEDLK MRMCLFLVVIILLVVIIVPIVVHF S
38 55 77 95 117
Synaptobrevin-2..QVDEVYDIMR VNVDKVL [ERDQKLSELDDRADALQAGASQ /FETS AAKLKRKYWWK NLK1 MMIILGVICAIILIIITVYF SSN
34 51 73 91 115
Snc2/Sb2 .EIDDTVGIMRDNINKVA ERGERLTSIEDKADNL QAGASQ / FETS ANRVRKQMWWEKDLK MRMCLFLVVIILLVVIIVPIVVHF S
SNAREmotif ™
Sne2 —7 9q—{93 T3]
Synaptobrevin-2 — g I6—{97 BE)
Snc2/Sb2 —37 Y A— 93— {95 1131
Snc2/Sb2-1 —{37 B3 94—{95 13
Snc2/Sb2-2 —37 ToT Rl 97—{I5 13
Snc2/Sh2-3 — 5 9495 113
Snc2/Sb2-4 —7 56 R{J| o495 113
Snc2/Sb2-5 kE 5] 94—{95 T3]

Snc2

Sbh2-2
Snc2/|Snc2/
Sb2 [Sb2-1

e

-5-FOA +5-FOA

1 Snc2/Sh2 HABAMGEHWREEREKSH A GEALHI/RER . Sb2 JFF KRR ;
BoNT-LC 2 Sb-2 8 F 7 2 i/ NFHIHIHE 528 5 BoNT/B-LC (2R AL mi R FR 5 Sb-2 ]
REMY SNARE XU N RIZ IR AT BEM S IR X AHA R R . B G B H AR 0T

Figure 1 The structures of Snc2/Sb2 chimeras and their functionality in yeast cells. A: The structures of
Snc2/Sb2 chimeras. Sb2 sequences are in boldface; The minimal Sb sequence required for efficient
BoNT/B-LC cleavage is enclosed by brackets; The BONT-LC cleavage site is indicated by the slashes; The

two SNARE motifs in Sb2 are underlined; Sequences of probable transmembrane segments are indicated by
italics. B: Grow assay of Snc2/Sb2 chimeras.
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BTk, AR S RETARDT RS
i KALTEFE A VS SNARE X IRA9 AT REPE, 0
REE KRR L AE B P 5] AN SNARE X
B, B a] LI AN BoNTs B0 S, Mi$H
P& BoNTs HIKMFEEl. ik, AWF5HE Snc2
%1~ SNARE 4K [ X 8 ¥ %5  &y Sb-2 #9AH L
SNARE & [1IXH, HHEH T Snc2/Sb2-5 fix A&
M, HFRAFRMEN T ZrGE&AORA
HWIJ7 Wbk, BuFizin & & 12 S el
Sncl F1 Snc2 HIINAEIF4E4F snclAsnc2A X i
FRRIAE K . R, YR S-FOA SRR T
Bf A Sncl FOkL S, AR WMELE] Snc2/Sb2-5 &
FEFAXT sNCLASNC2AN il [ 2 A5 Bk A= 4 e 1)
mIxh(E 1B). AL, X—45 R ERE Sb-2 5
Snc2 HA M, (HFEmE:Hh Sb-2 ToiksE 4
B Snc2 HIIHEE .

HFULES®, AT BN 6EH T Rk L
A K BBE Y Sb-2 FE ) SNARE X3, AWF5T
Tt B AL s Ml BE Sne2 B 11 SNARE X8, W
NG Sb-2 2 AR X8k, FEE T — RS A
EESA64 8 Snc2/Sb2-1. 2. 3. 4 W&
F(E 1A), BfJER X 2 i A 8 % A HWIT
PR LRV RE A 7 G IE e Th e, 53R BN, &
A UL AR — i A 8 R B AR AE 98 1 2y ] b
SNCLASNC2A XAt 5% T A 14 AR K Bl (] 1B). A
I, TERERER) Snc2 AW, B SNARE
X 5l 5 3 Sk A A Sb-2 FY AR I X 2 AT A 7Y
e, ABFFOR T L E T R S A i e E N
NIRRT 1) 7= R A Tl — 25 0E
2.2 Snc2/Sh2 #x & EBEEET SR~
T

AW 3 3 7 AR W BoNTs J2& 75 X
Sb-2 HE1H SNARE XEUEHEMEH, HNILTE 2
H— T EH Snc2/Sb2-1. 2. 3. 4 W&
FIR BB P h B . 45 SR B, EFAE
Snc2. Snc2/Sb2 ix A MY Snc2/Sb2-1., 2.,
3. 4B ENERRDRE T REE, 7T
ZRN e HA e (B 2). X —Z5 Rk —
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R T A TR Y Snc2/Sb2-1, 2. 3,
4 A E AE A KA I e AR RE IS AR BT
AR Snc2 25 PR,

L3 I A RS R P R IR T 24
48, 72 h W NTREERE I = fa %, BLET A T
R G RE 7 48 h B EE S I 2),
AN, BRI EGH Snc2/Sb2-4 k&8 11 By Lk
TEF 15 S P B 35 48 h 5 il 7= AR 5 B A Ry
FEEE Snc2 MIEL, {UFFE 5%, HHEEME, %
NI BERE R AR B T A i KA AR SNARE
Xk, T ERSMmR T, WRAGHE
Snc2/Sb2-4 ik A A M ANIREERIR R, FE DU
TEP= T SO B 3% 48 h 177 #0R A5 0 B b
e e, AW S iE—2 KIE BoNTs X &
A IR A E AL EERE A 7= 850K 1)
M, DL 4 TE PEAG T A 0 VR B B R R 7
BoNTs A& o iy 75 76 0 FH o
2.3 BoNT-LCs fEEEHREME D

KT IRAIE A Snc2/Sb2-4 x4 111K
NG ALEE B:4E /5 BoNT-LCs # T2 By Al 17
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Figure 2 Analysis Snc2/Sb2 chimeras to replace
the function of yeast Snc2 proteins required for
sporulation.
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Figure 3 Analysis of BoNT/A, B, C-LCs activity in yeast. A: The effects of BoNT/A, B, C-LCs on
wild-type yeast; B: The effects of BoNT/A, B, C-LCs on humanized yeast. P>0.05 is denoted as ns; P<0.05 is

denoted as *; P<0.001 is denoted as ***,
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Figure 4 Colorimetric assay of sporulation efficiency and its application to the yest-based BoNT assay. A:
The relationship between fluorescence intensity and spore percentage under a certain quantity; B:
Verification of the effect of BONT/B-LCs on human yeast using fluorescence intensity. P<0.000 1 is denoted

as ****'
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Figure 5 Analysis of BONT/BS, En, E12, E12(mut)-LCs activity in yeast. A: The effect of botulinum toxin
on wild-type yeast; B: The effect of botulinum toxin on Snc2/Sb2-4 humanized yeast; C: The effect of
botulinum toxin on Snc2/Sb2 humanized yeast. P>0.05 is denoted as ns; P<0.05 is denoted as *; P<0.01 is
denoted as **; P<0.001 is denoted as ***; P<0.000 1 is denoted as ****,
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