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WE ., MRS AR R B HmA A S BRE A o 8 0Kh-MT- o) A 2GRS 7, 87 22484 B(UVB) 1
HaCaT 40k {di FIAR R th-MT-Ma (25 ~200 wg-mL ™ )AFEHI5iH9 HaCaT 40 24 h )5 WA AFTE 28 A0 245 40
HELE T B 200 L P T P SE(ROS) KT, AR AfEZK T - 3EHT th-MT-Tl o X UVB % HaCaT 4l AL B4 9 4E T . A4 B Bl 335 18
AR BN BEE th-MT-T o We i s, O 1,1- R 56228 ik (DPPH) F HH 515 B Rt Bl 22 B4, 1 BR % 50% B i
th-MT- Il ¥ (IC,, )0 18432 pg-mL™ . HOECEABLIR LR B/R , th-MT- o FTA R & UVB #4755 HaCaT 40 il (47
TR e AT ST B MR IR A T S 4N N ROS & &, FLZE 100 pg-mL ™' BHE R ME BN R, SCR45 R KW th-MT-
Mo B A HILIFHIRAE ), Al A5 UVB 5509 HaCaT ARSI 05, FLZE 100 pg-mL™ FE FEHBE.
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Abstract: The ability of recombinant human metallothionein Il « peptide (rh-MT-Il ) to scavenge free radicals

was determined by free radical scavenging experiments in vitro. After the HaCaT cells were damaged by UVB,
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they were treated with rh-MT-Ill« at different doses (25, 50, 100, 200 wg-mL™") for 24 h. The anti-oxidative func-
tion of th-MT-Il« on oxidative damage of HaCaT cells induced by UVB was evaluated by the alternations of cell
viability, cell morphology, cell apoptosis and the production of reactive oxygen species (ROS) in HaCaT cells. The
results of free radical scavenging experiment showed that the scavenging rate of 1,1 -diphenyl-2-picrylhydrazyl (DP-
PH) increased as the dose of th-MT-Ill « increased, and the required dose of rh-MT-Il a was 184.32 pg-mL™"
when the scavenging rate was 50% . The results of anti-oxidative function experiment showed that th-MT-III «
treatment, especially at 100 pwg-mL™, resulted in improved cell viability, more tightly cell connection, and reduc-
tions in apoptosis rate and ROS content in HaCaT cells when compared with the positive model group. The find-

ings indicated that the rh-MT-Ill @ showed strong ability of scavenging free radical, which effectively alleviate

UVB-induced oxidative damage in HaCaT cells with the mostly effective dose of 100 pg-mL™".

Keywords: metallothionein; UVB; HaCaT cells; anti-oxidation; scavenging free radical
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FHR AR I A s 5 R P i o, B i A 285
TR HTE SR i 240 (ultraviolet B, UVB)J&
T LR AR ) F2 e T [ ) B o 2
3 o SRR I 7 AR 3k 22 ) 1 4R (reactive oxygen
species, ROS), 3N A& A= TR T S A A S Ak 3457 , A
5 R B A 175 R K RS 248k o #47]
HTFR—FhRIRTCEE I BHIIE S

4 J& i 25 H (metallothionein, MT)J&—28 43+ i
BAK V& SRR SRS SR A fEAE Y RN
AR LR I BR B SR DIRE, AT A R
HUARE AL I 15 7K, $E 78 MT R R BB FiR 97
UVB $@85 i s s e i, (M IEYE MT 3T
BVE R A B, Bl A A 0 )RR 2R R A LA Tt
o FHE Z 5, MT LW 25 4800 2 W sk 553 , AL I A 5 25
IR IEESNEME AN 78 MT TR E ST

MT "] NS 20 S ™ ok PR
B AN SR e B LAY T MT ik
JE AR X A S T AR 1 MTP Al v
PERE S R , AR MT 3E 7 55 & Ak Bk vl RE
A g0 H HE A 4 & B 85 1 I o %4 K (recombinant
human metallothionein I, th-MT-Ml o), H 75 ML T
B2 R A S A BR 2 ) R R R TR 4%, S5 oe B
MT 8, BA 7 Far A, 515 gl s, X
th-MT- o 75 A 51 | 5 S i 4 b 3 4l 1) MT A
R S A A, 5 WM 58 MTa 37
it G R AR -, BT th-MT-Ma J&F
BT, 5T AR A B R ST RE A C A,

7R 5T 1 b ) A AN A TIE SR P b 7S 31X Bl BT th-
MT-Ma 1% 4t RIT AT, A B R L2
P i 551

TERTHABESY rth-MT- 1 o % 200 i Kz 2% e 114 55 1
SO LAty U, R AR Ak 2 YR O YA A ST th-
MT-1la %F F H G BRPIRE I 15 ) 1C5,(rth-MT- Il
o X [ BB R RIK 50% I T ik ), [a) s ~7
UVB $i 05 4 s 70 35 BN R R 3 M0 o A
% HaCaT 4ifif, 28 UVB b B#E5 |, i A [a] v
th-MT- 1 4RZ235 5% 24 h Jo K600 40 B 77316 5 20 i
L AT K 40 0 ) ROS 7K F-, M 4 il 7K S I
HI5E th-MT- Mo MHOC A VER , A
AL BRI S 5

1 ##l57 % (Materials and methods)
1.1 EZRFUES S AR R
11,1 B EG

th-MT-Ma /i J5 Y306 5 R4 % S AT BR 2 ]
PEOE B A O E A A SIS, A AT B L
TR R Rt Al R AR NI &R B A e
WHR B, F=37 kD, o FEA IR G6
A B 11 SDS-PAGE 40i [ =98% .,

DMEM = 185 7 (32 [H Gibeo A w]), B
fitf (31 Gibeo 23 F)), i 4 1L T8 (W VL R AL AE D Rl 42
A BRA T, B #h 22 h i (PBS) (M -8 AE W) TR A
PR F]), MEMEEE(MTT)(3E [ Sigma 23 A, i MU
FECE = KA FD, a0 -5 & (32 [ BD
o), AT A TE K SR B AR YA BR S DL 1,
1- 2R B2 K A H 3% (DPPH) (& B 1 32 4= W Bl
FABRAF),
1.1.2  FEUL

3423 #1 CO, 5374 (32 1E Thermo Scientific 2



242 tx #F

PLINN O P16 &

H)); Biobase £E 44 4 AR (Hh [ AR RS B A IR
A]), FSX %A=y K% S At (H 4% Olympus /23 #l),
5424R HIE AL (5 E Eppendorf 23 7] ); Epoch 7 fiff
PR (ZEE Bio Tek 28 wl); MVS-1 B iR A #% (b
U EOCRHE K AT PR A7) 5 5424R BYELOHL(HE
Eppendorf /A 7]); BS-210S I Ht, 7 K (L g &
FIHRA-A B2 7)) ; MilliQ Advantage Y48 44 7K &
Gp (e % B\ 7)) UVIT780 AN et (H
AR EA T ; UVB T4 (313 nm BLIK FHYE 21k,
A 1 AL 50 R R ) s FV3000 840 26 5% 45 1 s (H
X OLYMPUS /A 7); BD FACSCalibur 3 2 4f it 1%
(¢ BD 24 H)
1.1.3  SCERAH

HaCaT 2 it /2 3 g o U5 i N IE 5 B2 ik ok A=
LA Y BUAH MR | 5 1E 5 N A R B 40 A 43 Ak
PEAHARL, PT L ZAE 150 AR DL I, HaCaT 40AEIA A I
AR R AF
1.2 S8k
.21 R

YRR LR - (o FH A 2K RS [RT R B th-MT-11
a FEI25 .50 100 200 F1400 pg-mL™"), FRAECEL

80 wg-mL™" DPPH # &L il : FrH DPPH #3K
10 mg, MATC/K LBWEEZ E 125 mL, #]15 DPPH &
WA
1.2.2 SEgilE 5T

PRA B H 23 B 50 . S50 U7 i S IOk [11 ]
IHMEAEE Y, M) 1.5 mL DPPH W, 43 51m A
1.5 mL AR R th-MT- e &7 (25 .50 .100 200
F1400 pg-mL™"), X RRZ A [FARBUEB 217K 15T,
FIREEEE E 30 min S5, RIS AN E THE
517 nm F44 T @ WO EE(E(OD), 435 4 % 3 A~
AT, HARITE A HEFRRK), K(%)=(1-Ax/
A)x100% ,=H . Ax AR E S OD fH, A, A=
HIE® OD (., & 1C,, LIS th-MT- 1o fA41
R A SR

UVB %5 5 HaCaT 4 g 43 175 52 784 11 #) 22 . %
UVB/TETEEE T UVB M Oy, AT &
AR IESR T O 100 wWe-cm™ | @ AT, PEEUR
BOER M A RKORAS R AP 1) HaCaT 40 L, 4% 41 i
BRI N 1x10° 4> -mL™ 23 4R T 96 FLAR
(BFL 0.2 mLyH, B4 3 A F47, T 37 € .5%
CO, MHIRREFA h R 5% 12 h J5, 3525 RS 353,
A 200 pL PBS &g, & T UVB AT 1E T J ol

FE1.2.3.4 5 min, 5845373025 HXF R, 4l
Ji R Ak FEAH (B T AR 25 A1) A B X B b B2
J& &M 2 PBS, A SE 445373 200 pL, TH53%
FATPAREIEEFE 24 h JE ARYE MTT A6 4% 2 240 Ffd
FEVE MR 40 ML A7 15 R R . UVB 5 U 4 R
. WA R (%) =[(A,-A)/A1%x100% , 2 .
A, 4 UVB WSRO BEE , A, 25 PR HRZH I
SERE(E, A, FaBEExt R4 G R,

AL UVB BEAY AR Y5 FT ] th-MT-T1 o 41 i
FEPESS IR, 7F 400 wg-mL ' A, LR B A R
SEEGEE R R th-MT- 1 o %} HaCaT 20 Jifd 55385 1% 1
B I B0 G T I 50 e e R R 8 3 B R b
FHANEIME (25 .50 100 #1200 wg-mL ™" )rh-MT-M «
AbFRZE UVB 56 BRI 40D, Ak 228557 24 h J5, N4IHY
AR OB AR T3 S 40 ROS & 845
Febr-5RE X A Fl s — UVB b PR 17 e, o
Hr th-MT-Mlle ZEAHLKF-_E AT A A1 E

ALY ROS MLEZ . (1) 306 5 £ W Sl B Il 5%
ROS, AbFHZETR)E 352 R IR, PBS 218 1 Uk 2
i, R M AECRG I 3R 7 85 B A5, FH T I T 1Y
DMEM 355 WiH DCFH-DA #5%14% 1:1 000 5%
B IRASIE A BBOE R /N L 4341 0.5 mL,
37 CHMIIEFEAA AL TE 20 min, B 45K KR
BEWR RS 5 I3 1 15 R Wk 2 3, B PBS
VE2 W, &JE AL A 1 mL PBS, & ALY ST
PCF AR RE

Q)G ROS, Yeig4s i G, # LR
RER90, PBS ¥k 2 3, JITA 0.25% B34 1k 40 e, 52
SRR WAL, B AL H) 1.5 mL B0
H1.1000 r - min~' B0 S5 min, BOGER)E,FH
H,MA 1 mL PBS, 212 W FTIE~),1 000 r - !
B0 5 min, B0, B PBS WUE— IR, IR TE
SR & Ui A 45, G IS A9 DMEM B 323006
DCFH-DA ##51$% 1:1 000 FLBIREBERAT, AR &
AFREFANARAY 1.5 mL .08 H, 8 1 mL, IR,
37 CHWEE 20 min, A 45F% 3 min BIEITRS— T,
WFELEHE , FH PBS Uk 3 K, LLFE A BBR AR IE A
Mif) DCFH-DA 8%, S5 A 500 pL PBS & 7E 4
M, 4 e Ex/Em=488 nm/525 nm KT
HEATRLI
1.2.3  Hdmabr

% FH SPSS Statistics 22.0 A #4758 HE 98T, £
21 22 [8) He A SR FH O 22 55 P 4G 56 0 B IR 2R O 25 40

min~
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(One-Way ANOVA), PiZHZ ] LB, #5745 & 7 2457
PE R ] LSD-¢ #5005 v, 45 7 228 5%, >k
Games-Howell #7535 7 ¥, SC5 £ 3 L) mean+SD
TR KK N P<0.05 2R AH G2 L,

FI SPSS #4315 th-MT- 1l « 7% Bk DPPH H
H LY IC, ., TR ALER S ISR [12]. (1) 57 SPSS
BRG] TERR AR AR Q)% BRIt
ST SIS AR A, AR EIIE 100 5 (3)AR M A5
7, Analyze — Regression — Probit — 5 7| & 41 5 A
Covariates , J& 5% % - A Response frequency, il 5 5
AJL L Total, Transform 57 ¥E £ Log based 10—i%
#£ Model Probit—OK , \Tfi 158 i 1C,, S 95% ‘&
fF X[,

2 Z55 (Results)
2.1 RS A B ILIERRREE R

DPPH /278 (R A1 Fh 5538 Bk 1) 32 22 44 10
FELTE R —FIRRE M A L IR R 0, T 517
nm &b 7R BRI, 24 DPPH i 2] 5T 1A%
T3, Nt AR 260 DA 55 60 AR Ry £ B S RO
FEREARM ) I mT E fh 21 T Y ) P SR B g
FIFHEE SN YECRETHE 517 nm A6 RE (42 1R
122 HARITE th-MT-M o % DPPH W 5%, 45
FE 1 R, W% th-MT- 1 o 5705 A9 38 =%
DPPH H B 15 BRRZ W4, b1 SPSS #1144
th th-MT-1lla %t DPPH [ 597 R R 18 5] 50%
MM Jy 18423 wg - mL™ (P>0.05), B L4 J3 4
IC,, F4 95% EA5 X 18] 151.00 ~23090 wg-mL™",
2.2 UVB %S HaCaT 4 AL 105 15 0 Ay i

Al UVB 48 B850 5 %5 HaCaT 40 L7735 R 520
MEZS RN 1 Fros, b UVB 48 BRI [R] 5y 3%
HaCaT #fi ffl 771 2 R AR, 5 30 5% XT840 7 1% % A
t,3 4 15 min ZbFRAL P 35 FRAIK(P<0.05), % [EAH
A )28 7 S, KBRS A 22 5209 1 min
12 min(iZ5E BT &, 240 0453495 AN BH I8 R 440 i 45
fiad T/ E ) 4 min F1 5 min GZRBHE T, 4000
PR, — e R sz P A E R, A
FIF 0 55 22 38 ) 3L SC W P AR g ), 1B E R
UVB ## BB [H] 24 3 min, 58 BEER N 100 pWeem ™,
2.3 th-MT-Ml« Xf UVB £ HaCaT 4l ts & 1k 41 15

FIT A AE ST
2.3.1 YR

HaCaT 412 UVB AbFR)S , FI AN [m1 B2 (25 .

50,100 1200 wg-mL™") th-MT-Il o 42 K535 24 h
J , A BAE TR R EE A 2 R, g5 R, 5
OGNS BERZHAH L, UVB A 40 i A7 35 R 4 i
% i th-MT- o ¥E R THE, 4 UVB+th-MT-1I
oAb P AT 3 S IS 5 S WA FRAIG, 76 50 pg
-mL ™" 1 100 wg-mL™" &~ 5k R4 T B
25, JUHAE 100 wg-mL™ B, 40 A7 06 R 4 B —
UVB Kb 320 4 f 705 5 3

80

60

R BRR(K)/%

Free radical scavenging rate (K)/%

0 25 50 100 200 400

rh-MT-Ieif B /(ug-mL™")
Dose of th-MT-Ille/(pug-mL™")

1 EAANEETmEANa S (rh-MT-Ma) 3¢
1,1-ZFE-2-E %5 (DPPH) B A ERFRE
Fig. 1 The free radical scavenging rate on
1,1-diphenyl-2-picrylhydrazyl (DPPH) by recombinant
human metallothionein Il « peptide (th-MT-1ll &)

®1 7A[FE UVBERFEX HaCaT HEFEE
220 (mean+SD, n=3)
Table 1 The effect of different dose of UVB on
viability of HaCaT cells (mean+SD, n=3)

ANLAETE /%
Cell viability/%

UVB #g R 5} [i2] /min

UVB radiation time/min

TGS IR
Negative control group 100004098
1 99.27+0.11
2 94.34+323
3 5939£12.01°
4 39.80+8.75°
5 8.95+0.68°
TE:UVB R 4E4ME B; 5ilexd AL e, * P<0.05, 22 A GZ I

Note: UVB stands for ultraviolet B; compared with negative control

group, * indicates significant differences at P<0.05 level.
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UVB - + + + + +
th-MT-Illa /(ng'-mL™")  — - 25 50 100 200

2 rh-MT-Ma 3% UVB {5 /58 HaCaT
PR E RN
TE 5B XT AT G, % P<0.05; 58— UVB ALBZH A1,
# P00 —FRAEAH AFREA
Fig. 2 The effect of th-MT-Ill« on viability of HaCaT
cells after exposed to the UVB
Note: Compared with the negative control group, * indicates
significant differences at P<0.05 level; compared with the
single UVB group, * indicates significant differences at P<0.05

level; — means contained; + means not contain.

2.3.2 AL R

ZANPRSE RS , TR0 R A WA T R rh-
MT-a X UVB #1455 1) HaCaT 4RI 3 2% 152
Wi, S5 AN 3 TR, 22 UVB ARR , 5 RG] B

| ©

AL, B— UVB 4140 i 3% 32 AR B 2%, 40 AR [
PAASFLIET T UL 240 £ B S b, AE 25 ~ 100 pg -
mL ™ T B th-MT- 10 o Y B A4 34 I, 40 i 2
BB UVB A Hks , A 2 40 0 B %, Al
AR BN AT AT O 40 K R, 7E 100 pg -
mL ™ BT 7E R R R s A A T
FEAR
2.3.3  4HfEETR

Wb FREE TS, A T =S 4 e SR HaCaT 41 i
TR SR E 4 FE S Frow, 5k ExT B4 A
b, UVB Ab B 5 40 i 98 7R ¥ F B LI, b % rh-
MT- T o V& B A 85 M0, 240 6L 00 1 %8 5 30 S IR s
HIEaH, 75100 pg-mL™ FE T, i E %
B — UVB Ab B2 5 2 FEAIR(P<0.05) , 5k 0] 1R
HER TG 2FE L,
2.3.4 IHMEAAGIZE R

O IR AR W BT IR 4 Y ROS B 5 1
THOANE 6 Frs, SEExT A, 248 UVB Ab#
JE WIS 0 R BE R I, 55— UVB AR FEAR L,
rh-MT- o K35 SRR EEBES , 7F 50 pg-mL™
K100 pg-mL ™ FE T AUAEDO G BRI,

i 2 40 L ASC RS U 40 B N ROS % 1 45 SR
K7 FIE 8 Fif /R, 5 RE X B4 A L, B — UVB K&
UVB+th-MT-Mle25 pg-mL™"' #1200 pg-mL™")ZH 40

3 rh-MT-llea Xf UVB 125 /589 HaCaT 4B ZSHISSAE (400%)
T (QBEEXTHRA 5 (b)2A— UVB AL BEH ; (c) ~ (f) UVB425 ~200 wg-mL™! th-MT-1le,
Fig. 3  Effect of th-MT-Ila on morphology of HaCaT cells after exposed to the UVB
Note: (a) negative control group; (b) single UVB expose group; (c) ~ (f) UVB+25 ~200 pg-mL™"' rth-MT-1lc.
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- _]Ql Q| 1Ql 2 | 05 QI Q2
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T Y Treey T it L YTy Ty
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(d) (e

B4 rh-MT-M« 5 UVB $#i5

T FITC/PI 7R i U0 ML AL POt 3 E

FITC

/&8 HaCaT BRI T X K00
s (@)X R ; (b)H— UVB ALFHAL 5 (c) ~ (f) UVB+25 ~200 pg-mL™" th-MT-Ma,

Fig. 4 Effect of th-MT-Illa on atoposis of HaCaT cells after exposed to the UVB
Note: FITC/PI represents flow cytometer fluorescence channel; (a) negative control group; (b) single UVB expose group;

(¢) ~ () UVB+25 ~200 pg-mL™"' th-MT-Tlc.

50 -

ANIT=2/%
Apoptosis rate/%

UVB — + + + + +
rth-MT-Illa /(ug'-mL™") — - 25 50 100 200

E5 rh-MT-lla Xt UVB #5155 HaCaT 40R0E T R 200
T S et JALMTHE % P<0.05; 58— UVB AL BRAIAR 1,
" P<005;—RRAEA R EA
Fig. 5 Effect of th-MT-1la on atoposis of HaCaT cells
after exposed to the UVB

Note: Compared with the negative control group, * indicates significant

differences at P<0.05 level; compared with the single UVB group,

# indicates significant differences at P<0.05 level;

— means contained; + means not contain.

ROS & F 1, UVB+rh-MT-1l (50 g+ mL™
100 wg-mL™)ZL 40 ROS WA 34, (AL S 112#
B, 5¥—UVB FlwaMLt, Bk 25 pg-mL™ 5
AN 2 AR . UVB+rh-MT- 11 o Ab B 2 20 fifg
ROS iz rh-MT- o 51 52 (936, 5B SE R AR
JE WA T a3y, AR 100 pg-mL ™" i 5 AR
NN ¥ SN

3 112 ( Discussion)

DPPH 7ESL50 AR & v As e A il 3k, L&A L
RN W B A IR R 2, 7E 517 nm 7]
VS AR RE e AL S IR N o) | NG9 7/ B
B2 e BR DPPH, W Y B B A%, 2 1 H:
BAWERA A AR 2 Sy ik i 4 | Pk
T ARER TN th-MT-T o J5 1 22 W6 B 1Y i AR
ﬂl‘mﬁ#u%ﬁ th-MT-1l o /275 AR A %IJJ i

Hujge R/, g5 1R th-MT-1la X DPPH
lél EE%,JQYH BRVE T, R E0s B R W B2 oy 184.23
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6 rh-MT-Ila 3} UVB {5 /5 HaCaT 4RAE7E 14 F (ROS) & EHIRNE (400x)
VE : EEHEXT BRL ; (b) B — UVB AL ;(c) ~ (f) UVB+25 ~200 pg-mL™' th-MT-Ml«,
Fig. 6 Effect of th-MT-Il« on reactive oxygen species (ROS) content of HaCaT cells after exposed to the UVB (400x%)
Note: (a) negative control group; (b) single UVB expose group; (c) ~ (f) UVB+25 ~200 pg-mL™"' th-MT-Ila.

2504 (a) 2504 (b ©
200
2004 2004
150
150 1504
1004 1004 1003
504 50 504
0 ™™ T L T 0 ™ T 0 ™™ Ty T Al T Al ¥ T
g 0 0t 10 0 1 100 10°  10° 0 100 108 10'  10°
[
© 100
(e)
80 - 2004 %0
60 4 1504 60
40 4 1004 40
20 4 504 20 -
O L 0 Laal ny T Al T Al Lods | 0
100 10° 0 100 10°  10*  10° 00108
FITC

B7 FXAMAKT rh-MT-Ma 3t UVB Hi5 /549 HaCaT 414 ROS 2 EHFIT
1 . FITC/Count i XA LA ¢ 6 18 5 (a) e IR ZH 5 (b) 28— UVB ALFEZH ; (c) ~ (f) UVB+25 ~200 pg-mL™" th-MT-la,
Fig. 7 Effect of th-MT-Ila on ROS content of HaCaT cells after exposed to the UVB by flow cytometry
Note: FITC/Count represents flow cytometer fluorescence channel; (a) negative control group; (b) single UVB expose group;

(c) ~ () UVB+25 ~200 pg-mL™" th-MT-Ma.
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&
0
UVB - + + + + +
rh-MT-Illa /(ug-mL™") — - 25 50 100 200

8 HXARARET rh-MT-la 31 UVB 5 /5
HaCaT #H/f ROS & EMEE 7
T e LM, * P<0.05; 58— UVB AL BRAIAR 1,
F P05 —FRAETH ,HEREH .

Fig. 8 Effect of th-MT-Ila on ROS content of HaCaT
cells after exposed to the UVB by flow cytometry
Note: Compared with the negative control group, * indicates
significant differences at P<0.05 level; compared with the single
UVB group, * indicates significant differences at

P<0.05 level; — means contained; + means not contain.
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