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Research advances in inhibitors of botulinum neurotoxins
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Abstract: Botulinum neurotoxins (BoNTs) secreted by Clostridium are the most toxic biotoxins
known. BoNTs are classified into seven serotypes (BoNT/A—G), of which BoNT/A is the most frequent

HEHEWE . EXARPFAHE4(82072251)

Supported by the National Natural Science Foundation of China (82072251)
*Corresponding author. E-mail: geno0109@yvip.sina.com

Received: 11 August 2021; Revised: 17 October 2021; Published online: 3 November 2021



WA | AR, 2022, 62(4) 1271

cause of botulism. Due to the strong toxicity and easy preparation, BoNTs are classified as the class A
bioterrorism agents. At present, botulism is mainly treated by early administration of antibotulinum
serum. However, the antibotulinum serum has limited effect and cannot reverse the paralysis caused by
botulism when the toxin enters nerve cells. Therefore, it is necessary to develop more effective drugs
for treating botulism. Because small-molecule inhibitors can overcome the limitation that antitoxin
cannot neutralize intracellular toxins, they have become a popular direction in the development of novel
drugs for treating botulism in the past decades. As the structure of BoNTs and the mechanism of
botulism have been gradually elucidated, more and more relevant targets are being used to develop
effective inhibitors. This paper reviewed small-molecule inhibitors of BoNTSs in recent years according

to their mechanisms.
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1 BoNTs By 44 5 & Fl#
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100 kDa A9 # 4% (heavy chain, HC)Z1 A%, Fiid
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N i (HeN)PIASTHRALE, 15T SHRE ook
2S5 4, IR Zh#R N2 YiRe. 17 HC
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FIEEE PER Y, BT AR R A IR
H i A &8 R W rhm L OO 8 R,
FESENLE A R B R 4 MR E
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1.1 BoNTs SHREANZHEE
WF5% 26 B TR 55 B R AESMNA B 2 AR A 1 e 57

E 2 BoNTs HI{EF# &I

Figure 2 The mechanism of action of BoNTs.
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LC 5 HC &It EFr &MY BUH i — 445
H, LC 38 3 7R s 1 1 B B A PN U0 S 7 1)
Bl
1.4 BoNTs BRI EGE M
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#| SNARE & 1, Hr A fil E B Y) %] SNAP-25,
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JE 2 TR 2 P el ot 1R B R R A R E AR R L, LA
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F M B (doxorubicin), —7Ff DNA # AF, I
FZRTIRITILIR IR R A g S e
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B3 BoNTs s 3505

Figure 3 Translocation inhibitors of BoNTs!!**
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(] A, A ISR LC Sk A
PO, B, Trx-TrxR ZR G5 AT A0l A #
BEMYEEAR . BF9E KB, PX-12 (1-methyl propyl
2-imidazolyl disulfide){f & Trx M7, w] i@
T R A B Y 3 D ke B L 46 Je 2 1 T A
JF R R, 4205 (auranofin, AF), —
Tt S B8 13 Dt il ) R SRR R, W T
BT ZREAE SO IR S NS R O
RGN IR AF AT R0 N i
K2 T AL B FLE B2, s,
WAl (ebselen) , — A EA 25 Bk T K3 516 1) it
TEEE A PG, & Trx il TexR BT 3540
5, ATARRNE RS AL B E R F AR
PN BEBE R EOEER P EEY, Seki AR 4G
Fa) 16 1 5 & (structure activity relationship, SAR)
P LA AR B T — RSB N2 BL 35 F 5
Jiie #4580, B AT AT R R TexR T BH WY
BoNT/A 53 1] SNAP-25 {1 Z4f#%). I AMIFSE
KB, LG Y i R (myricetin) A
& 2 (quercetin), JH: ICso 4374 0.62 pmol/L I

Concanamycin A

Toosendanin

0.97 umol/L, 7] 5 TrxR i H:&EBAL A9 AN i+ & A
RE[ZE A, R S0 7R 0, 2 R,
—Mok AR 2, RE S 3N A
T AN BT 33 A B TrxR 362, HAEIR PSS 1Cs
4350k 3.6 pmol/L F1 15 pmol/L, EA I &) F5]
HAREST,

#R LC TEMANFEFYEUIEIRYIHT,
VL YT S MR H R IRE5H , T Hsp90 /&
NG LC EIT BN FEEEAPY, Azarnia Tehran
EWEIY Kk BUAS /R 1555 K (geldanamycin, GA),
—F A R, AT
Hsp90 Y ATP 256454, MMiPHLIERE R LC
DG I EYT &R, A, AR R GA 5
PX-12 BAMREA I FEIEN, —FHKE MM
0V B LB — I AR, O ELRE RS I il &%
K, HAPIH BoNT #E AL, wTHmHl
FIT A M35 B BoNTs. £ X%z 1 2 Ho A S 4
MY EAR R RO, (HET EE R M4
J& 2 B PTG R s — HUR S B BRIE AR
IS 50 H B BH LA 2R 3R 48 Hh 1 B R AE ALY
PO, TANREII I C e N ZHEERMER;
IEH, TR AMARITR fb i FR X T IE H A 2
Jfl AR SR BE AT R 2377 AR AN R A SE IR
2.4 BoNTs BB IE M4 HNHIF

BEREBRUSTE LC, AR YIER &R
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BEMYIR ST — 2P BRI Y w4 50
KRR . BFRTEER LC Ml i 2
b T 48 N IR A IS L S . o-exosite Fl
B-exosite, H i AN TEEER LC BTHMEALA
UL AL 1A HEXXH (X AT B 28R A B
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il o Hr, BF9E IR 22 0 324y v IR S A o]
FRNFN LR s R Ay B A4 L 22 2 i R SIS 41
FR AL A ) G0 A TR 2 R P N i S A
Hz =,
2.4.1 2[5 BoNTs i& 4L = B9 HIH 71

DL G 1R A B G 1 Z2 R R s IRk &
Y& H TR 8 2 B/ h o 4l R, %26k &
YReE AR R T EEE PG LC pof
b5 PE . Janda BIBATEIR 20 4E[H &L T1F 2 0]
WG A EE BRI/ IR o AT SRR 7R
SNAP-25 FlI Cys & F K7 i 10 1) 28 2 PR
Gln Fl Arg MIJE & FA T BoNT/A &5 IR
g, HAAEGRR IR, BRI R
FIANHIFIRORAE, BAAREE R IGR E K
JilfE BoNT/A LC 4 B &5 &4, 4k
J&, MR R GERYE N BoNT/A LC 4 @45 &4
w5
& W3t & A R ¥4 15 12 (para-chloro-cinnamic
hydroxamte)(/Csp=15 umol/L)J 54y, Hil&H T
2,4- " FH W R M52 (2,4-dichlorocinnamic
hydroxamic acid)(& 4), H: I1C5;=(0.41£0.03) umol/L,
Ki=(300£12) nmol/L; 7EZh¥SHrh, ZEY
1 BoNT/A L5 /)N B 21 i 25 po R 374
I, REAR A BIR R RN 2
[y, 2,4-—@AESRERRBZEE -1
BoNT/A LC 45 /Ny T4, = A=
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1) X LBt 0 Z 5 Bt oA S TG
Yr$2 it RL Al , W0 hydroxamate(R)-5 (¥ 512
(R)-5) (K 4), H ICs0=1 pumol/L, K=(0.16+
0.02) pmol/L, KL ETE I Z HI i /N -k
K BoNT/A il mf57 7, 7F 2,4- &
P SRR G R BRI JEE |, Capkova 453
T FEHLARAL gl AR =35 F LA P R IO
AP g, B A2/ 3 R/ 1
R R S BEAR S AR 24 T
24-—HAERESR A LI Lk E $UH
VEZW 5T 001, I BUE R BRI
PRI BB I 2R 21 5 S 358 ey TR 22 i) 1 32 42 Bk A O
S s . (HHA SR 2,4- SR FA
ST H B ROVE AR, T ELREAR T R
TEAER) SRR AR AR . Capek S5 FHZ2 3R 48
B 2,4- SRR AR LAY 3-(3-chloro-
benzo[b]thiophen-2-yl)-N-hydroxy-acrylamide (1)
#1 N-hydroxy-3-(3-methyl-benzo[b] thiophen-2-y1)-
acrylamide (2)EABAFHIINHIZL T, H I1Cs 43
511°4(0.34£0.023) pmol/L F1(0.630.035) pmol/L"",
Ak, Capkova S845-a: Wk i BEiU 2,4- — & ke
FRNGIRI DTG, W3] Ki=(0.46+0.08) pmol/L
I EY 1-4 Wl %E 3E N-F2 3L 2k (1-adamantyl
N-hydroxyacetamide)”™ (& 4), F-7E )5 ¥ H L
b E R T B D A AR T AR R [3-
(4-chlorophenyl)-1-adamantyl]acetohydroxamic
acid (3) F1 [3-(4-bromophenyl)-1-adamantyl]

acetohydroxamic acid (4), PR HT LG YIRS
PR T 29 17 6%, 5 K450 (27+4) nmol/L Fl(27+
2) nmol/L, ICsy 435>~ 0.03 pmol/L F1 0.04 umol/L,
fROZ RIS WITE 20 pmol/L b2 F B i 41 i
e, JF HAEBRH B X A BU A3 h B AR
s AR E T,
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Figure 4 Enzyme activity inhibitors of BoNTs!
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VEF, i 2 sk 4 7 AU SR e e F ™Y,
S-HQ ENHEM SR E FEANZ—, ATHT
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¥ M (chloroxine) ¥ 43 B 1+ FH T # il I8 2
. 2009 4, Roxas-Duncan &%} 3¢ [E [E 37 98
JiE W 55 Jr (national cancer institute, NCI)XJfb &
VI ESEA T AL L , BERE S APtk Hag
R 4= FER A (1-425) BoNT/A LC Ay ¥ 3E
wERR Y, Hidh CB7969312 Fil CB7967495
43 9I7E 0.5 pmol/L Fll 5 pmol/L B AT v A1 45 & 1

Cl cl Cl 0
HN \_ 7/ “NHOH
OH
HO S

Hydroxamate (R)-5 1
O O
OH
N N’OH
H H
Cl Br
3 4

72-75,77-79]

BoNT/A, J& G PE 55 1 i) BoNT/A /IN3—F- il 55
(Bl 5); MTES TR, CB7967495 Lt
CB7969312 ZU% B &2, Montgomery 257 It BF
ST B LR | ek CB7969312 F1 CB7967495 BT
AT, 2 PG W TE A S5 0 rh R B A
A 35 B R AR, ERIRE TNk
ATl BoNT/B . E F1 F©*, it4h, Bompiani
Xt 346 A W% (ChemBridge , ChemDiv Fll life
chemicals)#F 17 =yl i i 6, S8 4 X
BoNT/A HMGIER LG LI, & Xt
8-HQ k& Wikt kiS5, 18 MMEawn
IC50<10 pmol/L, H:r CB7637950 1 ICs, ik &
1.6 pmol/L™ | Harrell % 1) 8-HQ N X ZA M. T
36 Fhika ¥, Hrb 5S-G W i T 1 A
g, o ICso K= 0.6 pmol/L, ZAEH AR
BoNT/A il 51 *>), Caglic %@ it 2 YRk £
B 1 W ORRAT A= ) B — Fh i 5] CB5838194
(K1 4), H ICsy 79(0.8£0.1) pmol/L, 7E4R MK |
S RB BRI H AR I Bremer
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Figure 5 Enzyme activity inhibitors of BoNTs!
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RSl NN

DL 8-HQ 2 32 B2 H WAL & W) — ELAE AN B
PR, {H 8-HQ M & — 7 L iy
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