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UBEBERBLEANRLEMERE UVB SR D b

aE i

BEABEHREGARMCEERAGERER_RNGE - &
THRARIATERBGREL A > RIEH B E
WhmBEBERMELNANESE  EHEFEFLEBBENE
&t % 4 ok & 3 o vE 4 4 B (reactive oxygen species; ROS)#
EAE B REMMBEERENAREEENRHRL » BRI
Bt H MK (glutathione) &y & & » I H i ok — LR M BE R 4w
# & B 1t B (superoxide dismutase) ~ f§ B&(catalase)% ¥ 4 %
1& > # T % F B R & & (collagen) iy & 4 B D » & R E F L
ENEN & A

BAXBEN RPN ELEYREE TR P ABEIALR
EROGE  EREUGENERAERAXE LT EALBRENE
ML RELSTRERNKE  EREXBHRELEZORY
BH FROEIBEEREHERICBENRES  HAYHEN
EROEORBML - WX BB ENKZE A K #(proteome)
B 7 % > B2 A H 48 i (keratinocyte) 48 i 4 4 o6 BB St 4% 4K
BEAHEN B B = # E k(two-dimentional electropho-
resis, 2DE) [& 3% 4~ 47 » #8354 16 HE B K 48 i LC/MS/MS 4+
M AICEEERAIUBELE R HFF BEEHERX
HE W W > 4 5 # Kkeratinl, keratin 9, MTHSP75, Lamin B2 ~
stomatin (EPB72)-like 2 ~ thioredoxin peroxidase » 1 { BIP &
BRRAETHE > HHL2E G K4 5 # 17 RT-PCR & western
blot 47 » LBFAEMRNARE O RRB A ZERHA - L H
By —RR HWRFBRERNELWRYHER > T S —
EEMENTRT E > LT THRREMYRER T BT Y
ko BRUABRPRELRISATRL  AELSHNERER
BT o
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ABSTRACT

Overdose of UV radiation could cause acute or chronic damages to the skin. Short-
term UV radiation could cause sun burn and erythema; long-term UV radiation could cause
cancers and accelerated aging. High-dose radiation causes the generation of reactive oxy-
gen species which could trigger the activation of complex signaling pathways in skin cells,
reduce the amount of glutathione, and reduce the activities of some protective enzymes
such as superoxidase and catalase. The consequences could retard the synthesis of collagen

in skin to cause skin photoaging.

Conventionally the studies on damages caused by overdose UV radiation are carried
out by examining the activities of oxidases or their changes at the molecular level. The
changes at the total protein levels has not been examined. The purpose of this research is
to establish a system which employ proteomics to observe the overall protein changes in
skin cells caused by UV radiation. By using two- dimentional electrophoresis analysis, si-
xteen protein spots have been identified by LC/MS/MS. The levels of thirteen protein spots
including keratinl, keratin 9, MTHSP75, Lamin B2, stomatin (EPB72)-like 2, and thior-
edoxin peroxidase increased. The level of one BIP protein decreased. RT-PCR and western
blot analysis have been carried out on some proteins to confirm the expression difference
in mRNA and protein level. The developed system could be used to evaluate potential anti-
oxidants through the cell level reflecting their effectiveness closer to real conditions. The
function of the antioxidants in the cells can be observed and the screening of the potential

antioxidants used for cosmetics formulations could be done efficiently.

Key Words : UV radiation - proteome

bl

== l
= 1

]

— - ESItES
BEREANBRANBE » AARAGHE - TR~ 20~ £AKE S B RIK
HESER  REREZNREBEI— - KB EMRITHERFREL > BERE
AFZEIREEZKTRGBLE  CATABLBERBEG LR ARG L
EEHBERL > €A KA ML 4 (erythema) (Biedalski et al., 2001) » R H %

AEETERKARFEL LR WERBRECEBEREZRCRFEN B EME - (Bi-
esalski et al., 2001; Longstreth et al., 1998) -
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% 456 7 B4 & UVA(320-400nm) ~ UVB(280-320nm) % UVC(200-280nm) =
HE>UVC B RARRERBRAKEEZZHX > R UVA R UVB H UL B EH K >
— R R AT B R By R AMER 5~10% B UVB > 90~95% B UVA» HRBERKRE
BEAK  HRARENGEILBRK - RPN UVB R ERE > TFZEEXRK
JB > RRKIERE - ARBBURKEAERREERSE L > RE%RE UVB €54
BB R MENZ DNA > ff DNA E4& R > F K& 4E L F E 4 75 % 849 X (reactive
oxygen species; ROS) » 4 #8 € 1. & 4 (superoxide anion radical) ~ £ 4 g & # (hydroxyl
radical) ~ i € 1t & (hydrogen peroxide) X B 4% € & & & (singlet oxygen) » i& £ ROS
TR EAR - BRREEENHER » D HEE R DNA WRE - F4—HELR
4h% UVA g EBRMK > BEREEBRRERTUFZEEZEARE  ERBEZORBEIK
MEOEARYD  RERRXFEMHNREERE » B4R UVA X € FHE543% DNA »
EEREAEHROS B4 > EXRMWMELROS RETEWRIE > BB HFERHA
ROSHWEACIHBXFNMMELRBENASBRENRH RS ARSERFHEKX
¥ 3% 3 Matrix metalloproteinases(MMPs) » 4, $ MMP-1 (interstitial collagenase),
MMP-8 (neutrophil collagenase) & MMP-13 (collagenase 3) » E M ZEBEE G &
A& > ¥ X F B 3t 2 K (photoaging)(Oh et al., 2004; Fisher et al., 1998) » 3 H 3] 8 4
& B F(growth factor) X cytokine receptors 4 P 7 # B 1E & R 45 0y X 3. (Heck et al,,
2004) o

REEMRITHBRERFTLET  KGAFHENR L RRREANRAE
WAFEG LB ERE G EE X E RS L E & 4 3E(erythema)(Biedalski et al,,
2001) » RHBRBEFTLEERKXARELEN > LRI FECERERERRCRTE
B2 4 £ o (Biesalski et al., 2001; Longstreth et al., 1998)

ABEH —EHITL ROS thik#l » F ROSHEEZRERBEE » B2 A T4
SRR ENERURERZNTEAE > A NE £ 05 M B (catalase) ~ # £ I
1%, B8 (superoxide dismutase) ~ £ it H ik € 1% & (glutathione reductase) DA & 2 it H 78
JE #g(glutathione reductase) ; 3f B & oY 31 € 1k & 4r L-ascorbic acid, a-tocopherol, sele-
nium, B-carotene, tea polyphenols, taurine, glutathione, arginine, creatine X citrulline % »
LEATROS ik bR o FTUA B R A B E M B4 UVA R UVBE » € E 4 # % B ROS »
BEMERERANKERENGE s ETANRAUVARUVB g RB% > RE®E
RN mBEERMEL N ELE £ AT R P e B E R R
Sh g e ROS o E & » 3 H & B H fk(glutathione) #y 2 & » 3 H i & E K
e ~ #8 e % 7 £ 89 P& 1K (Frederick et al, 1993) -
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BB ENRAHREYUREEWR TR T RBALERNGE > B
DN RRAERAENEELAENSE - REKB RN FESML > HE DNA o
FRRANBEHKE » W EZBELHRIABEN R AR B EELEEZETNE
o AHFERREIB AR TR ENI RN GEETEABE - BRI R IE
EHBEE  THREAMIENEFEXBEEARANZE (Lietal ,2001) o F 24
BB RR T EZRBER RO B RS AR R ERE RN Bt T
B —RAH BABRKTEABRERIANRE R AR —EREN L HER
HEHEEAEHRNEAR  TUE—SHMA RN ARRA KR FARELEGENA
UBRFARAEBERE > L HTURMRARBEIRBER NG ERRIARD R
HELE o

A\~ MRIETSE

— - ASFRESlRsE
R A HaCat 41 J0 i 4T 41 f 3% 3 o
1. DMEM Xz % # (Seromed FG 1285) :
W 4 5.5 g/L NgCl, 25 mM HEPES, 2.0 g/LL NaHCOs, 5 mg/L Phenol Red &
0.532 g/L N-Acetyl-L-alanyl-L-glutamine - B %R 4°CHH » TR EFEDU L -
2. Fetal bovine serum (FBS) (Hyclone SH 30070.03) :
L-Glutamine (Flow 15-801-05)

B 584 mg # % 20 mL Ak > R RHIE 100 5 - RACRRF -
3. Pen-Strep (penicillin-stretomycin, Flow 16-700-49) :

5000 TU/mL-5000 g/mL » {# FBE#FE 100 1% - R 4ACHRE -
4. Sodium pyruvate (Flow 16-820-49, 100 mM, 100x) :

R HIE 100 fF - ER 4CHRFE -

QU LERYEURERBERERER -
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5. DMEMX ¥ % % :

DMEM (Seromed FG1285) 170 mL
FBS (Hyclone SH30070.03) 30 mL
L-Glutamine (Flow 15-801-05) 2 mL
Sodium pyruvate (Flow 16-820-49) 2 mL
Pen-Strep (Flow 16-700-49) 2 mL
ERBEHASRER o BR ATRE o

— - #DiRERET UVB
®AERHE 315nm UVB % -~ 4
W& .

LK UVEFEREHEEEY (REFREEFET UV BY) -

2. HaCat cell 4 X & 100mm dish # 33 12h 4% » B =3 &% & » dish T im & F 4m
JE B B 41 UVB » 4 gk control & B &t 100 ~ 200 ~ 300)/cm2 4 W41 ; B4 F
# 6 {8 100mm # dish -

3. 44 UV 4 » £ im X\ %7 # ¥y DMEMX(10% FBS) » ¥4 24h 4% # 40 o 2~ 7K & »
4% # B cytosol protein o

=~ THEEXRD

FTEERMAIEF ERMEORUELEERADHE L 2% » &£ A A SDS PAGE #
FEOARBARAESTERS B EEMTUBRREREEOANETE & -

% — # IEF

B B ] Vh
30V 12h 360
500V 1h 500
1000V 1h 1000
8000V 2h 16000

~ SDS [BREEIXDHT
OB

FEELH A ERBRER - REEBHERF T 1% th SDS ; B R
BB ZwTx22,10mL Y RHBERNA B R -
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RO HH SDS-PAGE BESKR  (EEfif: mL)

. A RBHE R EREBH
5% 7.5% 10% 12.5% 15% 20% 4%
1.65 2.5 33 4.15 5.0 6.7 0.66
B 2.5 —
C — 1.24
10% SDS 0.1 0.05
H.O 5.7 4.85 4.05 3.2 2.35 0.65 2.95
APS 0.05 0.1
4B AR 10 5.0

LREBAEE > #HERR—FHSDSERRER » BINEREERN - BEFLE
FUAS RABRN » TR AERHAGELE » ERRRKZR » ARAKFKFH LT »
MNERRER o FliR4E R EEREAE -

2. BB EWRA (4 5~10ul) > AR BRI A AZHA (sample buffer) F fw
A 2puL 3B R R RAH KR 100°C & Smin > A AR EL 30 B > PR
ESHE NCENBRPERANE TR LFMEL -

3 EATEREZORAMNT 4Bl kRFORASTELFWRE

4 HERE L BN ETEL R EABKEE# > IR T EFRREE - TER
LA 100~150V £ 417 & %k o

SEHRPERHBEBRN -BEER > REBHPHBR > g T&AKTHR
BEETRE o

1 - SDS BReREBKE

OER
1. SDS-PAGE # CBR $: 548 > L Z R AKX EH =K » X 2he
2.HEREZARBRET » BANBLEF » REFH 100 pmol -
3. 2 100uL 10 mM DDT/25 mM ammonium bicaronate, pH 8.5 B #HE K F » &

37CTRE 1h (%588 R -
4. 10,000 rpm B 2 1 min DA & & DTT o
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5. jm A 100 pL 100 mM iodoacetamide (IAA)/25 mM ammonium bicaronate, pH 8.5 4
FAR > REBBALRE1h
6. 10,000 rpm # > 1 min DL % B DTT o
ORE
1. fu X\ 4 % (25 mM NH4HCO;, 50% CH,CN) > # 30°C K /& 15min » EHE WK ©
2.l ZRARRHE KR » L& B CBR > 4% UL SpeedVac $h# o
In gel digestion :
3. m \N4# 0.1pg trypsin Z B & & % 10puL (25 mM NH4HCO;, 0.5 mM CaCl,) »
K #% X & 10 min o
4. fm N\ 100pL B % &K » R37TCTREBE -
(=ZXEEY peptides
1. K & EBUL A B O > )\ 200puL 2 B #(0.1% TFA, 60% CH3CN) o
2. £35~40°CT 2 FH 30min» WEXERARBLEF o
3. i SpeedVac $#1# » & 4& LA 20uL B B & o

— ~ A¥AEE#HR HaCat cell BREY UVB RNEIRFREI# 2 BIRERHEFESR

AP AU 4 4 o6 B 4t 2 (UVITEC, LF-106-M, 6W, 315nm) » 3 3h £ #(0.11mW/cny) »
1# 47 HaCat cell JB 4t » & &M 4 M LA 1X10° cells/ml 3£ 47 10 A 435 % 4 40 f 3% % »
A RE T RiHHZEAT UVB 4 B4 » 25 A 48 i B 43 0, 100, 200, 300 J/cm?2 »
Faf G AT fm M 24 NI > ARFIR B S5 B HaCatcell 3% UV B R A T
Wy B 42 > AR E T EE 4 UV B W B M Z 38 R %k 8 > 3 B R A trypan blue
X MTT Assay $.28 HaCatcell B 1 E| B R B AT M 4% » HRA T HFHR - mER
R MEm R KR ZE 30T/cm2 # > F| & trypan blue 3¢ 4 > % 3 HaCat cell
HAFHLATHHAL (BO) » B4 > wiBH MTT Assay BE LB 4 UVB 448 &
EERKBL (EHO) o 4 £ %83 HaCat cell J8 5t Z 300 J/em?BF » 48 it by 77 75 R B BF
T W& » {2 & HaCat cell £ B 4t 0~200 J/em?Hy 8 2 oF B4R 40 M 36 Kk B & B 41 UVB &
BEMZEGHETEARTHRAL  EREANEHAT WA THRNRL  BibA
BH N R Bk B 4 UVB % 0~200 J/em® o
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[El() Morphological changes of HaCat cells treated with different doses of
UVB. (A) control sample (B) treated with 200 J/cm2 UVB

H0
I SQ

44

"

control  30J/cm® 100 Jem® 200 Jiem s 300 J/em”
Bl Effect of different UVB doses on the viability of HaCat cells after 24 hr
incubation by MTT assay. Cells were exposure with different doses
UVB (0~300 J/cm?2) and were evaluated by MTT assay.

— - HaCat {HIRFR RN SR B EXEE D
EREREMWE G HZEATSDS-PAGE LR B H UV BREAT — HE K E
Ao O UBEEBZEORENZE  HAEBEOREKRESERRLSTEANYTRARHA
B 2%t HiEAT L3 HaCat cell Bt UVB i A Z AR KRB EWEE » FrlE£477 pH
4-7T ZHEBERAN (BE) - MAEHKM (KE45 UVB) HE 4 200 J/em®® 2-DE
By > 2 BB RHARRAEEAZESIH RN E AR » £H LC/MS/MS % #
BE o AFEFRBUHBERWPFEET IEEZERAN AL (ERO) » HAFLKUVB
BAt44E B k3B L F %% B ’Z % : pyruvate carboxylase precursor ~ histone cluster

L

Inhibition Ratio (%
£
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2 ~ MTHSP75 ~ chaperonin ~ lamin B2 ~ keratin 9 ~ keratin 1 ~ stomatin (EPB72)-like
2 ~ thioredoxin peroxidase 4 » B4t UVB A X H B FH B UVB i X B4 F —
W % : glucosidase IT ~ lamin A/C isoform 2> M AABE A B AV ECF XHETH

#7 X & BIP protein o

ZHNCBIEHEZ R BE G A AR > oF ¥ keratin 9 ~

keratin 1 ~ MTHSP75 ~ Lamin B2 ~ stomatin (EPB72)-like 2 ~ thioredoxin peroxidase ~
BIP protein 4 » 78 % 1 K # 30 f X 30 7T 4 8 SL o M0 oF F 40 o0 A8 B AT 3E o

O Protein identification by LC-MS/MS

Spot Protein name NCBI Calculate | Peptide | Sequence |MASCOT
number acc.no Mr/pl matched |covered % | score
1 Pyruvate carboxylase AAAB82937 (129.5/6.37 11 10 241
2 glucosidase 11 CAA04006 [106.8/5.71 48 38 1183
3 lamin A/C isoform 2 NP_005563 |65.0/6.4 33 36 934
4 Histone cluster 2 NP_003507 |140/10.90 2 22 63
5 MTHSP75 AAA67526 |73.7/5.97 26 32 685
6 chaperonin NP _002147 |61.0/5.7 49 47 1358
7 lamin B2 NP_116126 |67.6/5.29 32 40 1044
8 keratin 9 CAAS52924 (61.9/5.14 2 4 166
9 keratin 9 CAAS52924 (61.9/5.14 7 15 311
10 |stomatin (EPB72)-like 2 |BAD96822 |38.5/6.88 21 43 743
11 keratin 9 NP_000217 |62.0/5.14 5 14 208
12 histone cluster 2 NP_003507 |140/10.9 1 22 73
13 thioredoxin peroxidase |NP_006397 |30.5/5.86 6 21 229
14  |keratin 1 AAGA41947 |660.27/8.1 9 13 383
15 |Bip protein AAF13605 |70.8/5.23 9 13 365
16 histone cluster 2 NP_003507 |140.87/10.9 1 22 86
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ph4 7 pla pl7

control 200 Jlem? UVB

(= The 2-DE maps of HaCat cells treated with UVB and the control sam-
ple. (A) control sample (B) treated with UVB for 20 min. Proteins spots
marked on the maps were considered differentially expressed and iden-
tified by LC-MS/MS. The results are representatives of three indepen-
dent runs.

= -~ Keratin 9 k? Keratin 1

Keratin X h g8 & # & 7 4 o ¥ 3% /£ intermedate filament(IFs) » 7 E & 48 .14
(epithelial differentiation)i® 2 & > WM G EF A E L rkeratin E A H TS B R & &
AR Fse ARMBAEFERERERERNE M > &8 8 4E LENBORE R
MBS keratin BB A R AX )RR BEHORB W EE ¢ 7 LU0 & &
THSRERRERZEHXEERAUEREE o Keratin RKEEXBFERRERANT
B AL Rk AR A e - A % Type I & Type Il » T E 7 3£/ 20 #& keratin % 72 ¢ b %
48 ML P o AHT SR P BT8R E W &Y keratin O 2 J& A Type I keratin » £ ER{WH AP H =
EBRFURFEEWNENLEY » THERB & PR K E & epidermolytic palmo-
plantar keratoderma ¥ 5% % o T keratin 1 & B # Type II keratin » if H & B # keratin
10 family member # 2 — B » T ERZRFANBORERXBRLE T » BEAToF R B35 £
B B A B R o A5 R B2 B0 E A S K A B IE 4 % #(bullous congenital ich-
thysdioform erythrderma) - keratin 9 & keratin 1 7 HaCat Cell & UVB % 5t 18
EORNERAENE LAY EK - B E H AT H #F 588 X F B keratin 9 X keratin 1
M UVB BB A EEEANKAELAZIHE BT RS ENRRATHNAHFE
% ZHF KA o
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~ Lamin A/C isoform 2 §z Lamin B,

Lamin (B#EE L) R—HEHARANBEL  RERBENZERLS > AW
A0 b R R 4 M PT i o Lamin 7] 8 £ A2 L £ H(ligand) 4 A& o R A e B
A EEZHTEN RN EELSTF > HLamin HFAMELRATMAAFARN LR 5 £
E 4 %| # A-type lamin ~ B-type lamin » Lamin A 7% # IE ¥ & W K X B th 8.4 & &g
MEREEEN L e » —f Lamin A shék =z BIEB W R EHAEEH > 5 —HE
Lamin A [F] B 7 A-type lamin subfamliy #§ Lamin C £ R E R EWHREF mpEp R &
BERW LR MRERTERARFBLENER LR > RZWERKREEWHAE -

B-type lamin 4,4 7 & lamin B, ~ B, ~ B; & IV(Benavente et al , 1985a ; Quinlan et al
, 1995) c Lamin B, ~ B, A L. EH W NN e+ X AKNEEF > BETETAH
B 4L 4% K B T & W B-type lamin c Lamin B, R H R P A ETRARE X E N
B LaminB2 X HARAFAER KRN LRl » BALSRAEEKEWN
By - Ko lamin XA B THEALEZRERENEBENLE -

A 48 € B ¥ Lamin A/Cisoform2 £ ¥ 2 4 18 € 8y Ak & » 3 | Lamin A/
Cisoform 2 T ¥ ¥ H L2 EH AKX EHR N X FEHRF # - M Lamin B, | 2 & B 4 UVB
200)/cm*i8 R H EE EH FA WKL » ¥ RT-PCR X westernblot » £ mRNA L &
EORNRAEREZORBINRFATRERLANAR  BEREANMEXKREAR
# & Lamin B, UVB B W BERE T H 2 B ME > TULENMBAEREAR A
% UVB BAE& T mA R EER -

1 - thioredoxin peroxidase

Thioredoxin peroxidase & —EZ B E B AZ THHF LB R —EBR » 7
B H B EFRELMNER AN ZEENGELS R BT HALE
IR o Wi A BF 48 W thioredoxin peroxidase £ &8 UVB B4t W EH BA L H > Bk
HAHEARMERN UVB RAWREB T EBAZE —EEAMGE  TELBRA
BRRBH BN A EE BB A KRE LN E G K o thioredoxin peroxidase 7 &
#% UVB 414 mRNA W R EWE LA -

7\ ~ Heat Shock Protein-75, BIP protein, chaperone

1k 3%, & B (Heat Shock Protein;HSP) J& # — & molecular chaperone & #f 4% 5 #f
FRERIAEZLCRIERAR RN > XE R —HRANKRH > EE - B
HE Y- RGP R R - EHERREBY ~ &~ RE -~ BRERBFR
BT XA BRL BRI  FHZERBORAXEANBY R EZS N > I
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B K R A% 5 #tk 3¢ K & (heat shock response) - A XA ME¥ KB REFEEARAA
WHEEBREXEEET HAYRSEHEEABELE - AWK BHAHT KRE
FE ¥ 3E 3t & 3% £ Y} Heat Shock Protein » Ul # biE & 5 &£ H F o A & Heat Shock Pro-
tein 32 A& H A 3= H B > A & H) B2 molecular chaperone 3 g - (Georgopoulos et al.,
1993;Hendrick et al.,1993) o

Heat Shock Protein DL 4~F & A /N 4% » E 4 molecular chaperone 3 ¢ # & HSP-
60(GroEL) ~ HSP-70(DnaK) ~ HSP-90 ~ HSP-40(DnaJ) ~ HSP-10(GroES) » T & #F %
4B ) MTHSP-75 R Z B A HSP-70S # W H +F —HEE AR - ERELFEFTAHY
& B " #5 A molecular chaperone # ot #¢ > i& £& Heat Shock Protein 447 7 %1 fo &% ~
MR RARWEEY IHAEZHER N ER - BB -HHEAEIE - KA
EARRRARE AR AKME » B E R co-chperone #y A 4, o {8 & it 4k fr A £ 4 mol-
ecular chaperone zf §§ # Heat Shock Protein #{ EF E T R 8 FFE A e K FH » mol-
ecular chaperones W oy B¢ H N ZE B KW B R ERX R LAY » il AR EMREF &
BHHUT > REBEBBENIELHRIA - MTHSP- 75 £RF R F L8 UVB Btk %
FEEFRLAWHLK » £ Mma ¥ X H EHLE LAWY - BIP protein & # heat
shock protein-70s # — & & » TEF AR N KA > ETEN R AT B EANE
BRMHEBENER » TREE G RER RNk > Bk BIP pretein £ ) K 44
BHEZFEFEZEVNAC  EOABACHMAEHBITEER L E2BMBRGRE -
ZEARH S 8 3 BIP protein #8i UVB W KRR EATHR » BB AKHET &
EARUVBY HEBERTXEGE > Bl URN LA+ BIPprotein X R E T % »
hERTHANEOREFRLE#E > TREEARNMEERBRAAT BT &
EB@EARE -
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Control

| Enlarged 2-DE map of the 28 differential proteins in CAL-27 cells treat-
ed with 11-dehydrosinulariolide. (differentially expressed between the
CAL-27 cells and the control sample) Solid arrows point the up-regu-
lated proteins and dashed arrows point the down-regulated proteins
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