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Special column: Effects of environmental hazards on the nervous system
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(e BUHRPSEAMEBRNMER—ERHERNFRGNEZERRZ —, BHEH
BRI IR EIB BT HRE R,

[HH] R ERAEE 13-1(Muncl3-1) SRS E Q04 S EH 18-1(Muncls-1) Xt
S1KEE(MNnCLL) B B ARBE AR SH-SYSY 4RE) 2 BAR(DA) 7 PRSI 220,

[755%] B3L MnCl, 5T SH-SY5Y 4RREIREY, RIE MTT JEMARMEEER, I 4A X ERAR
. . EIREZEAH(0. 100, 200, 400 pmol-L™ MnCl,) , L2 24 h, FAESER B R HHIXIR I
FIEMEEFEF DA DWE, BT ERHTEE PCR K NAARZRbFL SR B-1(Syntaxin-1)
mRNA FTRIAKFE, IRV 2 ZE B, X Western blotting 2l Munc13-1. Munc18-1 L&z
Syntaxin-1 & HRIAK T, HXT MnCl, FHREF DA 53 ES Muncl3-1. Muncl8-1 EH R
IRE 78l Pearson FHXMED T,

45 2] SITIRALLER, MEERSRENIEN, AREEEREZHTHE, . SRERZAER
BEEFITEEN(P<0.05); BERSHEMAEFRD DA RERERELINE THRER, 5
SHRANERERZAL, P, SRELRAZEREBAITFEEN(P<0.05); Syntaxin-1 HY
RIAXETE mRNA FIEBEX L, ERABTHRAR, ZRFEERUTFERX(P>0.05). 5
XTERZALL IR, Munc13-1 NE B RIAE AR EIE INMKRR T, Muncl8-1 WERRIAE
R EFH(P<0.05), B SERERZAMEL, BREZREA Munc13-1 P SRELRE
£ Munc18-1 EATHERITFEN(P<0.05), SHREZRZALL, SRELREA Muncl8-1
EHTUERITFEREN(P<0.05), HERMEDITER, MnCl, £FRES Muncl3-1 EHRIX
E M X(r=—0.898, P<0.05), 5 Munc18-1 EARIAE IEMX(r=0.678, P<0.05); DA JRE
5 Munc13-1 & B &R A 2 F 4% (r=0.932, P<0.05), 5 Muncl8-1 EHREE X (r=
-0.817, P<0.05) o

[£510] $a%+3 SH-SYSY 4HREEN DA BY5 wDHl, SE £ Munc18-1 M1~ Munc13-1 EFH
RIXKFEXR, XA gEREBHALIREHNERERZ —

FHEIE 8 SH-SYSY 41 ; ZBkR ; RAEIRIMANER 131 ; RS EREEEA 181

Effects of Munc13-1 and Munc18-1 on dopamine secretion dysfunction in manganese-exposed
SH-SY5Y cells LI Changzhe®, YU Chun®, ZHAO Hua®, LI Jun®, HU Ting® (a. Toxicity Testing Center
b. School of Public Health, Guizhou Medical University, Guiyang, Guizhou 550025, China)
Abstract:

[Background] Neurotransmitter secretion disorder induced by chronic manganese poisoning has
always been one of the important causes of body injury, but the mechanism of neurotransmitter
secretion disorder caused by manganese is not clear at present.

[Objective] To investigate the effects of presynaptic membrane intracellular protein 13-1
(Munc13-1) and synapse fusion protein binding protein 18-1 (Munc18-1) on dopamine secretion
dysfunction induced by manganese chloride (MnCl,) in human neuroblastoma (SH-SY5Y) cells.

[Methods] A SH-SY5Y cell model induced by MnCl, was established. Cell viability was measured
by MTT assay. Four experimental groups were set up: control group and low-, medium-, and high-
dose manganese groups (0, 100, 200, and 400 pmol-L™" MnCl). They were treated with
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corresponding doses of MnCl, for 24 h. The secretion of dopamine was measured by enzyme-linked immunosorbent assay. The mRNA
expression of Syntaxin-1 was detected by real-time quantitaive PCR. Total cell proteins were extracted, and the protein expression levels
of Munc13-1, Munc18-1, and Syntaxin-1 were detected by Western blotting. The correlations of MnCl, exposure and dopamine secretion
with the protein expressions of Munc13-1 and Munc18-1 were also analyzed by Pearson correlation.

Compared with the control group, the cell viability rate decreased gradually with the increase of manganese exposure concen-
tration, and the difference between the medium- and the high-dose manganese groups was statistically significant (P <0.05). The con-
centration of dopamine in cell culture medium of all manganese exposure groups decreased with the increase of manganese concentra-
tion, and compared with the control group and the low-dose manganese group, the medium- and the high-dose manganese groups were
statistically significant (P <0.05). The expression of Syntaxin-1 at mRNA or protein level did not change significantly among groups
(P>0.05). Compared with the control group, the protein expression of Munc13-1 decreased and that of Munc18-1 increased with the in-
crease of manganese concentration (P < 0.05). Compared with the low-dose manganese group, the changes of Munc13-1 protein in the
high-dose manganese group and Munc18-1 protein in the medium- and high-dose manganese groups had statistical significance
(P<0.05). Compared with the medium-dose manganese group, the protein changes of Munc18-1 in the high-dose manganese group
were statistically significant (P < 0.05). The correlation analysis showed that MnCl, dose was negatively correlated with Munc13-1 protein
expression (r=-0.898, P < 0.05), and positively correlated with Munc18-1 protein expression (r=0.678, P <0.05). Dopamine secretion was
positively correlated with Munc13-1 protein expression (r=0.932, P<0.05), and negatively correlated with Munc18-1 protein expression
(r=-0.817, P<0.05).

The inhibition of dopamine secretion in SH-SY5Y cells induced by manganese exposure is related to up-regulation of
Munc18-1 and down-regulation of Munc13-1 expression levels, which may be one of the reasons for nerve injury caused by manganese.

manganese; SH-SY5Y cell; dopamine; presynaptic membrane intracellular protein 13-1 (Munc13-1); synapse fusion protein
binding protein 18-1 (Munc18-1)

BRAXEGEINENETRZ—", &M
FIEIENEESEE, BIERBRBISHET S,
BMERSFEERTFKARNGZRLRIER L A B,
RINEB— N K8, BRil EFEUEL2ESE
—o B4, BERMNEBRET ARMIEWE 36 R(E
F 2021 F 2 A), NBRT 1ERVERW AB B TEERE
e, BMERESHLRENE MUK EN B
X, MERERERZIE S, MREAFHGEBRISIG
me, MEPSHNEETFEHEFRIEER, 0K
FERS. IAHITHEEPERS NI o &S &, XL HAVEREY
P EESHIETIRGE X, BAR, RRETAN
HESEFIFERREEREIE 32.7%, EXNEH
SEABFEE",

MBEBREMHSERND BHINELR, XE2HEPE
sEMEZMPNEERREZ — BBAGBBE WA
M35 B RN 790, INTE IR B HTIEY4518, Secl/Muncl8-
like(SM)EHE—RERBIZH. HEERBFEHRF
EEERREERANFKEERR B EN-2ES
3 B IE % 80U A F Y & & B X (R (soluble N-ethyl-
maleimide-sensitive factor attachment protein receptor,
SNAREs) & & ARV A R it 54 & & B (Syntaxin) &
H45 5, AT SNAREs 8 G RRYEAD, 75 SNAREs 1)
EMEHENMERE IS, XNMEERDB+HE
2V, M sM EZEBJR S AENMIRE, RtFEEH

££ & & H 18-1(synapse fusion protein binding protein
18-1, Munc18-1) & SM &R KR PR T Z2/FAR
T8, FEMERESHEREIERIEEERE",
R REANEZER 13-1( presynaptic membrane intra-
cellular protein 13-1, Munc13-1) 7T R E AR R R A
M5 Munc18-1 HFE1EA T SNAREs & & {RRYAH LA
oAk, E B REMAE PRI RIEEEER"
Bal, BFEELEPE AT SNAREs E YRV
R REMBEBERN 2™, BRX NIRRT E
Munc18-1 #1 Munc13-1& B B X ? Muncl8-1#l
Munc13-1 5 SNAREsE SR BETIEXNEB RS
S5RHHLEMNTERE? BaiERIABXIRE,
FHith, AL RARMER(MCL) fERF ABEE
YRR AR (SH-SYSY 4hff) , MIRSMEREZE, MRS
$EXT SH-SYSY 4l i Munc18-1. Munc13-1. Syntaxin &
HHE W, REEPSHEELE R0 MERNLE,
NEBHPEHRERAN D FHLHRHA&IE,

SH-SYSY AR SIR T+ E A A RE O,
#t=: AC18001424,

MnCl,. DMSO(ZE Sigma) , Ba4FIMiE. DMEM 13
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7R BEEA(EE Gibco), SHEBEHE. MTTHEE
MM FE. MTTEERENERFE(PEERRE
EEY), A% B (dopamine, DA)ESEX B IR FI &
(Fh EREZEY), & Syntaxin 1. Munc13-1.
Munc18-1. B-actin([A&) % 7 A (K [E Abcam),
ES 7Y (Multiskan, 32[E Themo Scientific) , CO, 1ZF 58
(HERAcell, & [E Themo Scientific) , & 1% $% (TE2000-U,
HZs Nikon) , &iR,/2 R &0 5417R, EE Eppendorf) ,
5% B B 18 (X (Chemi Doc™XRS’, 3£ [E Bio-Rad) , EAHEE
7K1 (PowerPac Basic, 3 [F Bio-Rad), SLBf KX K E =2
PCR 1% (CFX96, E[E Bio-Rad) o

1.3 SLWAE

1.3.1 4HEAEEFFAISEI 94 ¥ SH-SYSY A E ARG
BITERET, BT S 10%B4MmE. 100 IU-mL™
BEE. 100 pgmL FEE RN DMEM SHEBFEH,
37 °C. 5% CO, & T IBFr. HHAMEKKRESHKEN M
ANE MnCl, BIIEFRR, S IERE S 509 0. 50 100,
200. 400. 600, 800 umol-L™* 7 3k E, {RIEFN L0
AT IER(MTT ) NE R NS E XH [12-13), IE
LG BEXTIBLA(0 pmol-L™ MnCl,) « 1EREZRIEA
(100 pmol-L™ MnCl,) H 7K B 2 ££ 48 (200 umol-L™
MnCl,) . BREZEEZH(400 pmol-L™" MnCl,) o 235 24 h
&, WS ARRRH T FR 4R 30 50,

1.3.2 MTT EIZHARIETE & SH-SYSY RS & IR
B8 5x10" mL VR EEME] 96 FLARAR(100 7L,
N 5% CO, 15558 37 °C IR I R, FAMMLEES,
MBEBREREKRS, FE 96 FLIRPRIIEFRR, B
ESARERE(0. 100, 200, 400 pmol-L™") MnCl, B IE 7
AL IRAARE, 24 h [FEFLINA 20 uL MTT TIER(GEEE
1R1F), HEUEF 4 h, RIRIEFAE SR MTT TIERRVIE
FEE, §FLF 0 DMSO 150 L, BE4 R A, H
FRESARN T 490 nm &M@ ZE (D) 8, i+ E AR
1Z3ER, MIETEEZR(%) =Dargpunsss/ Dysmsmssx100%o
1.3.3 DARERECRE)IIE HAMBWLEEK
E 80% /A BT, IO MnCl, 2355, 24 h [FUREELREIE T+
BT - 80 °C (RTF. RREGEX G B K MTIX IR =1
ENRA, EeRItn & m b EA R LR, SFLINEE. NNES.
BB R BB &Lk

1.3.4 LA HETEE PCR AN B IR ERERIAKF
MABIEFRLER T, A Trizol 7EIZENAHAE 2 RNA, 3ZR G
B+ ¥ R cDNA, f£H TB Green™Premix Ex Tag™
Il LAY EE PCR IR F EHITHBI K EE PCR 2,
Syntaxin-1 EEANF RSN R 1o 20 uL R KK FR:

TB Green™Premix Ex Tag™ |l 10 uL, IE[E. A5 |1
0.8 pL, RNase Free dH,0 6 uL, cDNA 14y 2 uL, KX F
RIZHL Rox Reference Dye 0.4 plo ¥ 1S WAZRE: 95 °C
FREEME 305,95 °C T4 55,52 °CIRA 355,72 °C #E
8 90 s, £ 40 MEIFR, B 27 F53EITE Syntaxin-1 B
EHENRIER,

®1 5IMFER(5°-3)

Table 1 Information of primer sequence (5'-3')

E[EX(Gene) 3|#)(Primer)

Syntaxin-1 1E[E)(Forward): TGATGATGATGTCGCTCTCACC
Rz [E)(Reverse): TGTCAATGAAGCCTCGAATCTCC

B-actin 1EA)(Forward): CTCCATCCTGGCCTCGCTGT

[ F(Reverse): GCTGTCACCTTCACCGTTCC

1.3.5 Western blotting A1 M BinEBMNRIE B
RIPA HRRIZINAMSER, FH BCA EF AT &1#
TERRENE, NEEF—EEE 2¢L . MAEH
EEL AR, 100 °C T 8 min, A SDS-PAGE FB K.
BB, s%HIBREEI M = RBE A 2 h, RIAZZER
&(1:2000)—#1 4 *C WEI KRG, F 2 KT FBFMR
R EAEE(HRP) ARIZBILLFHT R ZH1(1:3 000) =
B NES 2h, TOVEER ECLIYSEETE PVDF &
b, B R 5 min, ERBRREEIRRER, XA
Image J (V1.8.0) M E B EHHITIKE Do
1.4 FitFERH

FH SPSS 20.0 BRI FIBEH TR IT Do XILK
BIEHITIES MR IO A ETTERL, FFESHED
B BB B TSI 85 1R, S RIYLUx + s_Rm. AR
REFEDTRKABRESR, #ITMMALLIRN, 5E
35, BB LSD ¥23%; B ZEAT, A Games-Howell 1255, 15
FRAE R4 A Pearson 130, M IRIK A a=0.05,

2 4
21 FEREHR MnCl, XT SH-sYsY AR EFEERH
=10

MnCl, 25 24 h 5, WHRA. BLSHMAMERE
K 5 BH 100%. (94.27+7.13)%. (89.65+8.41) %.
(77.073.02) %, SXTERALL, F. BREZRE A
FEEREARE THE(P<0.05); 5. FREZZAL,
SR EREAME T ERIBE TE(P<0.05),
2.2 FHAMIZFHFED DA KRE

£2 MnCl, 25 24 h 5, S3TRAMBRELREA
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Eb, . ERELEA D M EIEAE R DA KREYIP
ETFE(P<0.05), WA 1,

L 400 - 15
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g E5210
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[E] *: S5X3BBLALLER, P<0.05, #: SIRREZELALEK, P<0.05,

[Note] * : Compared with the control group, P<0.05, # : Compared with
the low-dose manganese group, P<0.05.
Bl ZRSERZERRE (A) M Syntaxin-1 mRNA RiAkK
*F(B) (xxs, n=3)
Figure 1 Dopamine level (A) and Syntaxin-1 mRNA expression
level (B) after manganese exposure (x + s, n=3)

2.3 Syntaxin-1 mRNA FRiA7KF

22 MnCl, & & 24 h |5, Syntaxin-1 mRNA & X
EFRBREAFERKRNFZITFEREX(P>0.05), I
A 1,

2.4 Muncl8-1. Munc13-1 #l Syntaxin-1 BIE HFKIA
KFE

ZMnCLZE 24 hfg, &K EH Muncl3-1.
Munc18-1 # Syntaxin-1 ZEARIAKFILE 2, 53R
ALLER, K. . BREZREA Munc13-1 WERBRIX
X, P, BREREARKEE(P<0.05);
SERERDALLR, &REZREA Munc13-1 IE
HRAEHER(P<0.05); SHRELREHALLI,
EREREA Munc13-1 NERREETHUARAE,
S3ERALLIR, K. P EREZREA Munc1s-1 E
H&REAE EFA(P<0.05); SEKREFBEALLE, H.
EREREAE Muncl8- 1N EBRAREKEREHS
(P<0.05); SHREFFZALR, BREFREA
Munc18-1 WEBREXEBEHSE(P<0.05), EFTHE
KELAR, Syntaxin-1 WEBRAYFEBRITFEE
2(P>0.05),
2.5 IEMRHEXMES R

R BN, MnCl, 25K ES Muncl3-1 EBRIA
E 1 H%(r=-0.898, P<0.05), 5 Munc18-1 EH KX
E1E%(r=0.678, P<0.05); DA RE S Munc13-1 &
HFREXEIEAEF(r=0.932, P<0.05), 5 Munc18-1 BEH
FIAZE 1 HHEX(r=-0.817,P<0.05),

EI MunclSl‘ W — -;‘

Muncl31‘ - E— -

SV“taXi”‘l‘ e e o a—— ‘

B—acﬁn‘---- ‘

0 100 200 400
MnCl,/(umol-L™?)
8] <5
c
2 =0 umol-L*
e 4 “#t =100 umol-L*
) s = 200 pmol-L™?
o 3 = 400 pmol-L*
K 2 "
+n = *
= 9
Z g2
10 *
WiE
o *
SOHNN Naaz NnAR
Munc18-1 Munc13-1 Syntaxin-1

GE1A: FEERE MnCl, 2F 24 h BEHEHE; B: FRARSRELHE
BAENREAEELRE., *: SWRALLLE, P<0.05; #: SEKERE
2ALbER, P<0.05; T: SHIREREALLIR, P<0.05,

[Note] A: Protein bands at 24 h after exposure to MnCl, at different con-
centrations; B: Bar chart of histone relative expression at different
concentrations. *: Compared with the control group, P<0.05; #:
Compared with the low-dose manganese group, P<0.05; ¥: Com-
pared with the medium-dose manganese group, P<0.05.

B2 $£%#%E Muncl8-1. Muncl3-1 F1 Syntaxin-1 EH
HEXRIXE (x+ 5, n=3)
Figure 2 Relative expression levels of Munc18-1, Munc13-1, and
Syntaxin-1 proteins after manganese exposure (x s, n=3)

3 e

DA B) LRENREEMMEZEE, T E PIRBE RS

EZMAEBINEEY, MRER, FEZHERITHERRA

BES DA KEE X ALRIWMET, BIEE MnCl, 3R
Ft“*ihu SH-sYsY ZRRRIEFFEFHRY DA MK 2 & AR
A, 3P Mncl, FIREINH THE4E5H DA B
FEM Syntaxin-1 &2 SNAREs E &Y EEAR S,
10 SNAREs & B4 2 42 :3% BRI 7 I 12 P By
Do AR B, SH-SYSY MEMMREARSE,
£ mRNA 7K, SIEEXTERA LI, F2 54 Syntaxin-1
mRNA RIAEMNER LB A 1TF B X Western blot-
ting WMEEHREER, SEEXNRALLR, 54
#H Syntaxin-1 WEBRAXELEHELT . BHIttAI A,
TR MERTEREBKF, FmEFXT Syntaxin-1 BY
FRIAXETHB M, #NE P S DA LA

BT F20m Syntaxin-1 FRIAFZER,

Munc18-1 1 Munc13-1 EBE Z MR FL & F R
BEdRERHEEENAR, IBIF%, Munc18-1 AJH]
il 1423 AR 140, TEXRARFTEH LA MA
Munc18-1 V&R 3 RKER [T, BETSRA R HI IR AL T B AR
A1 T Munc13-1 (@3 #4258 BB AN, SROQIIESEAR
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& Munc13-1 RSHMETINEE AN BEE R 7 WH
TR A", BB, Munc18-1 1 Munc13-1 5 Syntaxin-1
Z B EX RO R ZF M E EIESE, IBIRE, B bR
PC12 A Munc18-1 B A, Z I Syntaxin-1 K EfE
E AL, ZELBVEREZE L, EREFLEE Munc1s-1
BRET Syntaxin-1 WEEU D BEMALM,
Munc13-1 B] Bl 5 Syntaxin-1 & B linker X 13 #Y RI 5%
EMEBE{ER, fF Syntaxin-1 NE 8YE T HHBURE,
] Munc18-1 1 Munc13-1 R A EETE T B MR L &M
Syntaxin-1%""2, # A< 5 33 X+ Munc18-1 A Munc13-1
EFHTRN, ERER, SXTERLAELL, Munc13-1 &
BHRAREE R RERIE N2 &R, Munc18-1
ERNREZEKED, ME Munc13-1 5 Munc18-1
HNZTWII5 DA D BVR/ VN FE—EE XM,

S8 ERER, KRR, BATE 24 h XPES
i8] E& L, Syntaxin-1 WE AN EANKREAETERS
ESXNRLREZW, EEBIEER ] Muncl1s-1
Munc13-1 J8#%, K EHR ERICKE, [BH2520E SNARES
S5, Bk DA R A, ERESH,
Munc18-1 1 Munc13-1 2 %{aI &2 Syntaxin-1 R LT
i, EENFIBFE—T R,

b, RIRARZIM T SRS SH-SY5Y AR ZE
FREY 2 i, 5 HE _EiE Munci8-1 #1738 Munc13-1
EARRAKFEG X, XATBEFMY Syntaxin-1 IR
1, AR ERGNRERZ —

SE R
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