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Abstract: To study the toxic effects of recombinant human metallothionein Il -a peptide (th-MT-Ila) on HaCaT
cells, 1929 cells and nematode C. elegans, and provid experimental data for the safe application of th-MT-Ill «, the
cells were exposed to the th-MT-ll « solution at different doses (0 ~400 wg-mL™") for 24 h and cell viability, re-

lease of lactate dehydrogenase (LDH), apoptosis and changes of cell morphology were measured. The results
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showed that there was no significant difference in cell viability and cell morphology between the rh-MT-Ill a treat-

ment groups and the control when the administration doses range from 0 to 400 wg-mL™'. The release of LDH in

cells treated with th-MT-Il« at 400 pg-mL™" was higher than the control, which is consistent with the apoptosis

caused by rh-MT-Ml«. The C. elegans were synchronized to the L1 phase and than exposed to the 5, 50, 500 pg-

mL™' rh-MT-Ill« for 48 h to detect the alternations in head swinging, body bending frequency, length and pumping

rate. No difference were observed between the control and th-MT-Ill « treatment groups. The findings suggested

that the rh-MT-Ill« did not cause obvious toxic effects on HaCaT cells, 1929 cells and C. elegans at a certain dose.

Keywords: metallothionein; HaCaT; L929; C. elegans; cytotoxicity

4 JE A 4 [ (metallothionein, MT)J&—28 & &2
Jea IR AHXS 7> 5 B AR (6 ~ 7 kDa) Y & Jm 45 &
BAY A 2 AT G B o Z5F9 3R B S5
3., MT i Margoshes Fil Vallee T 1957 E B IR A
(B R 2 1 Ok, B AT MT BB 98 2 i 24>
ZAZL  REZBWT T T TERHESI Y MT HIZ5H  Zh
REANBE PR I 19 45 07 T, WIF 98 R 2, W e Ak W ik
7 AR R B R MIIE RS
AR, BT MT R 2R 5 5> 145
M HAENUR N A Z R A Y Thie, 1 %5, MT %F
KR T RAMEZMERE TSN, 1
FE5 B EVRIER SR OMT w5 4R B T i 4h
B, B 5 XL R 85 3 | IR BT HLAAR A JIR
BMERS, AW R, MT 8 B A BRI M AA
(reactive oxygen species, ROS) 1T AEC  {H HAE
BLEATANTERE , —FOA N HAT LUE R IR N 2 19 A
F 35, DT AR AR R Ak 400 4 A B e AT 2 X A B
2B — AN, P5 (2018 AFABRIFFRESL 115 ) i
iH,2018 4F 4 BRK LA 1 810 J7 9 i B /& 9 19 Al
960 T EEAEFET IR0, BTG 1 810 Jr AR AE RS il v,
U S 172,960 T3 AESE TS M B U S O
70% " B Z IR T MT 15 2 MUk g
W ERIA sk Z2 R AL K #0198 S A 98 1 3L
HIREN BT MT (2 M AW I 6E, KRR
38 MT AT R R A, S HOR MT 4545 4
JEVER, AR AR P v (9 22 3K W] 4 w5 A B 8 R
JIU BB B PR A S i e TR Y

MT FE4 4 Fim gk MT- 1 FIMT- 1 ERZ
Bl sh P a0 e RS B R AR U B A
HEMESMEDEE AT, MT- 531 EER T
TR R 22 R ST, T8 A T R IR 40 AR 285
o A DA TR A N E BRI K
Branffirh . MT-IVAF7E T 2 Ik E I iE . H
HIL,MT BRGS0 3 25, — 2 N Sh 4 4 rp 42

W R AR b R R =R SR T R TR L
AR MT JE B o B 28 K 1 71 5 5L R 7 25 78 v
HEAT R IR LE")  ARXS TR 2 Rl 56 3 Ao ik sk
WY MT 202, 7 it B — PR PERE SIS , 4
SR AURE MT 28 1) SRR 08, 18 NRE A
s PR FH K™= Mk Ak 1 R T g [) B AU 2 1 BLAA (]
TEPESS | AT DA sk O —SE 52 J5 B 07, 7 15 24 €Ul 1 P
HIs T BRSNS M A S S T
PR U 4 T A 2 B T B L Pl A A AR B 4
1R ae, R R Ay desa bt T HPi ek
TIRE SAR AT F 1 A RPN MT K Bk At i 3%
AR ARSI, 5 B i e P A A
ISR GEE B AL M) B AL B (SOD)Y) AH LE , MT 43+ 11K,
B2 05 K BRI o TR RN AL IR BE A MT A%
T FE T, FIH A K AR | BRSP4
TERS MT 09 K IR 35 | T 7E 40 A /K P b 3 B2 Jik
BEPE AR 1 6 DA

AT XS KA o B T AR i A d 2 4
JERE I Mo MK h-MT-M o), PR A AR £ U
JRAR L HaCaT 4 AN/ RUSET AR 20 i 1929 4 i
BEAY | AR ALK F- B PPN AT BE A 3R R0, #E T A
FH 75 T B AT £k B ( Caenorhabditis elegans, C. elegans)
R AT T REARE R EE DAY, i th-MT- 1l o
102 42 Py IR AR 52 50 A

1 ##57 % (Materials and methods)
1.1 FEER 5 A0 R U
111 BRG]

RIS . A MT-Mo K, B2 R4
NI K (th-MT- 1 o), 1 75 M3 2= R &
AR A S22 A v R K 3 B TR
R I Ai AR NIE SRR 1 o W5
B, or 37 kD, B FEAFIEHEE 6 1, &
F SDS-PAGE 4li % =98% .

FEIRF . DMEM (a5 7R 1B 2 1 il (08 [
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Gibeo 23 A), i 4 i 3 (7 VT KA AE YR A R 2
), BEIR 5 Z¢ v (PBS) (I L8 A= ) TR A IR
), BEME i (MTT) (3£ [E Sigma 2\ F]), LDH i 7 &
G RKAEWAR), MEE TR H &5 E BD A
Fl), R S8 (KH, PO,) iR = —44(Na,HPO,) ,
SN (NaCY) B2 BE 25 R B Wi iR o | S 1k
i R BE JE RE BRI TR R L SR R R
IR G A0 55 (o o MR IS A B A3 A BR A 7D
1.1.2 FEUH

3423 1 CO, 153%%A (35 [ Thermo Scientific 7%
F); Biobase 4= ¥4 4 (v [ R4 e B AT FR 2
) FSX S T (H 4 Olympus 23 ), 5424R
RIBCHL(HE ] Eppendorf 23 F]) ; Epoch HY AR (35
[ Bio Tek 7\ #l); MVS-1 BB BER A #e(h E L a4
SR & JRA BRZA 7)) ; BS-2108 Al T Kb 5t
FEL AN KA FR A7) ; MilliQ Advantage % 4
7K 2G5 (3E [H % LA\ 7)) ; Olympus SZ61 AR 1 1
Bi(H A Olympus /3 7)); Eppendorf 5417R £ 2 & i
B LT E Eppendorf 23 ) ; SW-CI-2F #8 & T AF
B (P E NG 4 B2 7)) ; SHP150 A fb s 77
R E RS 20 8 A BRA R
1.1.3  SEE4nfi e shy)

HaCaT 20 fitd /2 3 g3 o I i N T B IR 7Kk A=
b AR SO LA MR | 5 15 5 N A SO B4 M 43 AR
PEARARL, AT L 150 AR DL E ., A58 ] HaCaT 4
Ml B 24 S E R A IR A

1.929 21 if 2 Al by e U 4 /)N BB 2T 4% 4 i, 1
H B2 S E YR AR AT,

By A= 20 75 N AT R (N2) IR 56 [ B J 9 ik
K2 2k 135t % W .0 (Caenorhabditis Genetic Center
CGC), MErE R {4

1.2 SEE
1.2.1  BERE e nd el

A M » G VR o A IR AT A 9 3K 0 ) o
PR10 £, AT 2RI K th-MT- Il o Be i 5L
WRE R 2 mg-mL ™" AY SR, IWHE 1 min 12, YL
A ) FH 5 4 355 75 S 0 D YRR R LUk 35l 25 ~ 400
pgemL ™ Y th-MT- Mo W, 2 HLSE5 . fiff T RE 4
7K B th-MT-M o Bl E A 1 mg-mL™ (1 7%
VR, I TE 1 min YR, YeBE A FH 40 KR S5 TR B
WeRE K 5,50 1500 wg-mL™" A9 th-MT-1I o 3%,
YRR BLBCE A
1.2.2 FlaE5Y%5

(1)BEME S (MTT) 40 A 375 4 1 56 . HaCaT 41 Jifg A1

L1929 4 i fi 1] DMEM [ 5 355 9% 55 (& 10% JiG 2R il
% .100 U-mL" & ZE M 100 pg-mL 555 %) T 37
C 5% CO, HWMALICIETR, WAL MRS R AT,
WA M B TR 1x10° 4> -mL™ 4> B3R T 96
FLAR(EEFL 0.2 mL)FI 6 FLAR(AFFL 2 mL)H, & F 37
C 5% CO, ¥ ISR 24 h, HEFRE5RE Wil
JRBGFE, A GBI, 5 h 25 .50 ,100 ,.200 F1 400
pg-mL™, FERREFRILAE Ry s (AR IR, ARS8 9% 24 h
& W YRR, A MTT, 4 h J5 2218 0% ) MTT, 45
FUIMA 150 pL —H EEEAK(DMSO), #£ K 10 min J&
FHBEEARUAE 490 nm ZbI OD B, TR I AFTE K ,

)FLE2 I A Mg (LDH) B g0 - 40 A 3% 5% R I
FbR e R 1x10* A4 - mL™ 454 4 B 7] 6 20 3%
HEAT . LDH iy g N g, — 7 40 i S0 AS BE Bl ARSI
), FUA 7 20 B B4 475 B, AT ARl 3 B 47 1 A T
B, DY A MR 58 B A 1 — A EEEAR AR

G)UNMITE 25 24 WLES . Fob vk B2 ] MTT, il 6
FLk, B 9L 2 mL, Ye3g 5]k £ 400 pg-mL™, G
BEMIE] A 24 h,

@) BRYR T . AR e B 2 e T 50 o W] MTT, F
M 6 LR, L 2 mL, 448 24 h )5, e HRPE T2l
Fea YionilEailY ORI R e =T

(5)HURE: ; USRI~ 5,50 F1500 pg-mL™" Y
th-MT- Lo W HAT G 33 , DARRFR 26K S 25 o0
MR, L 200 pL AR BRI A S TE OPS0 /9 3 cm B3 57 2k
¥5 s L AR TR R 2P L1 W4k s
BRI B YT 48 h Rt Tk g T N
GRS SR ) (2R U KR B (R K ) FIE ZE
BRI
1.2.3  Hdmabs

K H SPSS Statistics 22.0 A T8 E0 4, 2
20 22 0] He 35 SR FH O 22 55 PR G 56 Fn B TR 2R 25 40
(One-Way ANOVA), P4l i) Hui , 245 & 05 £ 5%
£ U R ) LSD-¢ K556 07 %, 5 7 24857, MR H
Games-Howell #5677 15, 525054 37 L mean +SD
FOR MK P<0.05, ZRAHSZIHFEX, 4
HUARR I &0 image T BAAALFE

2 458 (Results)
2.1 2B T R N 2 L PR A 5

th-MT- Il « X} HaCaT 4L F1 L929 2 Jifd (Y 77 1%
S A AT (S I W AN M i =l RS R = PO
ZH A b, S50 2 A A7 2R TC A S AR | 550k R 4
AFFT,400 wg-mL™ FIEE T, 4 MAE I R B TR
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K (FX S AR B AR BN G i T2 ) B 3 . 1929
YT R AR S 5 HaCaT 40 AR [R] , 44 J Fiti )
TR R BT R R R

LDH 25 S el 2 frs , 5% B2 i 2
M) LDH BEHCRAE 400 pg-mL ™ B335 71 25
~200 pg-mL™"' F)&= T, LDH B R 5 X% 1R 41 JC e
%5 HaCaT 40 s LDH Bk % 5 90 S A%, IS
B AOE A 1929 i A BRI i
2.2 YIE SIS AR

% LDH 523645 5,400 g - mL™" I 4 Jfd i
AT REFFAR PR3 , 3k 1 7 4 S 2% 20 T 75 2 A8
b, 2 FhARAZ th-MT-M o« Yo7 24 h 5, 62 Bk
BEMERLE LA 3 TR, #E 400 pg-mL ™ FHE R, 5K

150 —
HaCaT

100~

Viability/%

AHEAFIE 2R/ %

50—

0 25 50 100 200 400

th-MT-1Taif B /(pg-mL")
Dose of th-MT-1lle/(ug-mL™")

5 2 240 M 5 %) R 2 40 i 22 340 SR %85 HaCaT 4t &2
AR, 1929 A AR TE 2 Fhan M gL wE 2 5 X
R A BB 8 22501
2.3 ZfEATogE R

2 AL th-MT-M o 4455 24 h J5 , A
RIS 2SR5 % HE 2 AH HE Y R SR H 22
5t {H LDH B i 1E 400 pg-mL ™' 54, B W T+
fe, SR TR S g A5 R, I AT BB T rth-MT-1l o
X2 AL PR T ORI R PR T 7 A TR e
HEET th-MT-M o X 2 Fh 20 08 TR [ 52 0, 25 21
WK 4 s, 5XF A A, 2 Fhan g T R 1
400 pg-mL™ FlE TR B JCHE R TR,
Xt R 4 4% ~5 1%,

150
1.929
< 100
o X
iz
£Z
25 5l
=
0="0" 25 50 100 200 400

th-MT-1e¥ FE/(ng-mL™")
Dose of th-MT-Ille/(ug-mL™")

E1 EAANEEREANo EIKG@h-MT- 1 o)X HaCaT BTN 1929 40 AETETE A 5400

Fig. 1

HaCaT

40+

201~

FLIR I SRR %
LDH release rate/%
*

0 25 50 100 200 400
th-MT-IH ik B /(pg-mL")
Dose of th-MT-1llo/(pg-mL™")

Effect of recombinant human metallothionein Ill-a peptide (th-MT-1l &) on survival rate of HaCaT and 1929 cells

L929

40—

LDH release rate/%

FLRR I SRR %

0 25 50 100 200 400

th-MT-I e E/(ug-mL-")
Dose of th-MT-1lle/(pg-mL")

B2 rh-MT-lo 3F HaCaT ZHARFN 1929 40 A0 28 Rt SEE(LDH)FE A 2 M %00
T S0 AR, * P<0.05 , 22 57 BT G it 27 28 S0 Bl R B E e hpifk 22
Fig. 2 Effect of th-MT-Il« on lactate dehydrogenase (LDH) release of HaCaT and L1929 cells

Note: Compared with the negative control group, *indicates significant differences at P<0.05 level; data are expressed as mean=standard deviation.
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B3 rh-MT-Ma X HaCaT 4REFN 1929 48AE 72560 %00
1 (a) BIPERT HRZH (52 24557 3E) 5 (b) 400 peg-mL™" th-MT-M«

WA R RN 20 um,

Fig. 3 Effect of th-MT-Ila on morphology of

HaCaT and 1929 cells

Note: (a) Negative control group, complete medium;

(b) 400 pg-mL™' th-MT-Il« solution; scale is 20 wm.

AMALIAT-ZR/%
Apoptosis rate/%

SKEEBHA (20 5)

Head swinging frequency (20 s)

40p

30

20

10

60—

HaCaT

0 25 50 100 200 400

th-MT-11a3% FE/(pg-mL")
Dose of th-MT-Ile/(ug-mL™)

2.4 th-MT-M« XF£k B2 ST R K520

2 th-MT-M o Y275 48 h )5 , K2k s 317>
LA S AR Bl R B AR i A, G5 R an1&] S B, G
FEMLA 5.50 F1 500 wg-mL ™ FlHE 48 5 & Kn
FFE NGM 2k R FRIL /S A 28T, InA L1 2k
A F2 % 48 h, S50 HRAUMI HE , 5200 21 P Sk 5
BF20 ) S B AR (60 s) T B 2557 .
2.5 rth-MT-Ma %k d i K (il

L1 2k S K L35 48 h Ji, FH MO VS 3
i 2R DL 100 WL 60 wmol - L™ 4 5 g bk ik %5
VRURRIREE B 1 min J5 FH RS RAR W LI f 26 L 1 23
b, T A TSR 2k O R, AR A
B4 A Image T ARFRN & 55 A0 1E 6 iR, &
FIA (500 pg-mL ™)L BB {AK S 965.53 wm,
HFE (50 pg-mL™)Z HOFRK N 996.80 pm,

401
1929
30}
U= 20F
=g
2t
o
F2 10+
0

0 25 50 100 200 400

rh-MT-11& BE/(ug-mL™")
Dose of th-MT-IIlo/(ug-mL")

4 rh-MT-Wao 3f HaCaT #BAAFN 1929 40 AE T K300
TE: SXTIRAUA L, *P<0.05 , 22 52 HA G i T4 B30 Bln s I S e hrifii e
Fig. 4 Effect of th-MT-Ill« onapoptosis of HaCaT and L929 cells

Note: Compared with the negative control group, *indicates significant differences at P<0.05 level; data are expressed as mean=standard deviation.

0 5 50 500
th-MT-Iladf & /(ug-mL")
Dose of th-MT-Ille/(ug-mL™")

60—

o
(=3
I

BRI (60 5)
S
T

Body bend frequency (60 s)

0 5 50 500

th-MT-1aif B /(ug-mL)
Dose of th-MT-Ille/(ug-mL")

5 rh-MT-Wa X4 BIBEZH1T A B
Fig. 5 Effect of th-MT-Illa on movement of C. elegans
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ARG pg-mL™)ZRHOFHE KR 972.53 pm,
X BRLH 21K ((968.35£93.82) wm) Al L, e 5
ML BRI 2R,
2.6 rth-MT-Ma X£E R ETT IR

A e BE th-MT- M o %28 B 17 0 19 52 i
W 7 iR, 55 RAUA EE , Yol 2 26 s 3 000K 1)
AL TG X,

1 500,

A/ um
Length/um

0 5 50 500

rh-MT-1adR FE/(ug-mL")
Dose of th-MT-IIle/(pg-mL")

6 rh-MT-I o 3 £ B A 4< B9 3 0
Fig. 6 Effect of th-MT-Il o on length of C. elegans

150
> T
23 100
T
K2
B2 sop
= =
=¥
0
0 5 50 500

th-MT-To#k FE/(ug-mL")
Dose of rh-MT-1lle/(pg-mL")

7 rh-MT-Ilo 3 £ B IR 2R 870 % B #4010
Fig. 7 Effect of th-MT-Ila on pumping rate of C. elegans

3 iFif ( Discussion)

2 PhAMOAE IS 2 OB B 45 R FE R T
XM R B WG 5 AR R
Je e BEAR A %, LDH B 7E 400 pg -
mL ™ 5 B L T, 2 B AR R R A, 4
ML T 25 R A, AR T A M X S SR
PR LSO, R T AR R 22 | AT RE R o At A
i e gz B, L, FEE T A s A S A
N4 2 P LA b 3R i DAARAS B 4 1 1) 20 i 2
PRSI

MT BAMZFh &8 & 745G R, 4G5 |
BE TR AEC R 3 — R T AR EE 4 R T AL
TRIEE T & B AR B A BRI AE S,
2R AR —Fh H AR TS E IR Y IR,
Gy FAE S0 5 17 HSAIRBR |8t 1525 5o e,
AHIFFE 1 FH 75 T BT 2 B N2 1 Ry 4 o8 s P TR AN A5
Y th-MT- T o X2 SR B PR . B[R] ik
J#(5.50 F1500 wg-mL ™" )rh-MT- Ml o ZE K 5 5Z 48 h
J& , X RRAAR LY, 4k Uz B AT o CGhHIE A B R
AR) R E () S A7 (M A0 52) 45 4=
WA 5 5 X B AR e om I 25 5% I rh-
MT-M o 7ESCE05 & T G B tEay . Has Ry
A EE M LDH BERCR i 25 SRR, R T fE &
T A ALE X T rh-MT-10 o« B9 74 #E BN A 2 55
It fE s, R B EAT rth-MT- I o %2k i o K 5
# NIEEETEAY, LU R i 4 TR th-MT- o«
N2 A

AR ERDT T th-MT-T o 1 40 iy Bz 28
BEMERON , BT, SO0 AR A 4B L TV 1
A SRR 970 g 25 mg kg U AHIFSY Y
FIE LRI 2 £i5 ~ 16 £5, HINHLE T th-MT-M «
o FHFR R AR e e L T P TR R AR MT
VIR AR 2 | 32 BEIA Sy 471 AL 7T L
FEAAILA SR AL 152493 7K S Caspase-3 #2i5/KF it
P53 308 % 10 61 490 Jif O TR0 LU B P oh B, Tor
TEUF R I iA S 5258, BiE T SRR M2 T A )
MT HA FEAR A B AR, I FH i E0¢ 6 928 76 A )
THLUR MT &, 25 R A, 5 AP B4 b
o 39 4 A B RN, E B AN E MT
FTBEALAARIR I, 20 i S 50 UE S8 T MT X 45 19 i
YEF AR B e A A0 1 O =R i e, 2=
e fhAE & PR & MT SR8y 8 LB T 1
Tit, & MT I BEA AR I v B2, (H X A~ 6
SR % HE LT 10015 5 100 B B [ | I 726 A e
HERS R 2 th TR MT 3 638772 | b 2 A IR 1
MT Hi & i i AR A %5 E 38 XF MT ) fg
(R SE MR IR 25 AL TCTE RS TR N AR S
WIS BT T B X ANIE Y MT ZhEE RS
SEIRL L R W PR B IR MT #idk oA —
ERERBIRER 0 MT- 1 5 MT- 11 £ 8
W ¥he e B G Y S IR AE 12 h NReET
HOHCHUALALL B P PR 5% i 0 Ak, DR R LB 5 4 B Tk
1o FEIXEEHMEME MT JyhgSe g HL #EAE 2
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TEMIAME AT R AL BRI M 45 & & Jm |, i 2 e M A
AT T VLR W AN A, RS T8 8 MT JEHZ
FE P AR AR 7 AU 4 69 MT 7 Bran ey ik A 24 g
IR A A Tl 1 5 i — 2B AR

MT JLFAFAE T BT L s, e — ARy
THRMAEAR, &5 FERER, LTI, MT
SRR O S A<Ofe S8 7 v L QA E e s A A (BN
T H TS IS U b s 2RO D I H 4%
AN BT SRR M N TR B SR TR A AT
R EE 2 A I ) ) D OBOR B 32 B 5T, IR 3K
AP e MT = a8 Al B2 (Tl il 45 5 1 5%
AR AT RES BN = AR TR PRSI RN PR, X
th-MT- Wl o FEAT 21 1Y) A2 ) 22 S PE VAT, X T
Hz 2N BA 0 EERE S,

EIEE R 8 232(1965—), &, &, #3% A 507,
FBAR G m AR A
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