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YRxsh= 34 A)d Skchronological aging)$t %x8hHphotoaging)Z Wro] Atk VA X9} EA| XA
Fx-3R= MMPMatrix metalloproteinase)?] EH|Zo| Z7}31HA MMPS} TIMP(Tissue inhibitors of metallo-
proteinase)?] FF& 7= ANZE B} f=Erh B A7 Fest € o o] 3y, LY F 3 2
o FELT Y MMP-18] A4 JABHEZDS 120959 4§ (edible plants)ZHE EPEZS 4, &
A3 FAEHY 4% 223ty AL FPINY. EHMEHaCaT)9} ATAZHS68) AMEFE 01831
kst 259 UVBE ZANES] A= MMP-19] 4= 2548 AES As) HS689H UVB &) ZAR ¥
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#3l] MMP £H]3e] F71E=

HaCaT A ¥ MMP &uj%e §9)3 o|& Hol|x] gsith. MMP-1 A

Aol 7 B& UVB ZARE 35 ml/em® W2)ol3, UVBRAL § EH|sEE MMP-19] %2 36484719l
7F8 7 Yeidth. MMP-19] A4 dAI84e AAE A3 ol7IS](Crataegus pinnatifida Bunge)?] WE83
(CPPIN WL UYeplidth. CPE periodate 2431 A2l W3l Q121 pronase AE)A| B/g0] s
R0 whgoe] P49 EAYS FEHTHAAIE CPY ultrafiltration®]2], DEAE-Toyopearl 650C, Butyl-
Toyopearl 650M2] ol A2 r}E 122} Bio-Gel P-30 2 3} AZrIETZ FsiA MMP-1 4] 84 &
P2 CP2Va-28 AASUTE. CP-2Va-28) MMP-19AEHL 88.5%0I1 W, BAFE HPLCE 1% 2+ 19
kDa, SDS-PAGESIA = 20 kDaZ #RIE 2N monomer7?2Y-< € F Uk
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:DAI\/[P(mauix metalloproteinase)== ECM(extracellular matrix,
MZ)712)7 BM(basement membrane, 7142 Eafo &
oetE oE §49 familyE T7F¢ 7153FH 544 wel
interstitial collagenase, stromelysin, gelatinase, membrane-type
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inhibitors of metalloproteinase) 22 Aol <3} Aol =
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AZEo] MMPE #H]3T}” Fisher5-2 1319 UV RAPI=
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). A2 JAE DAE o83 71T AF Ao of
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2E oWV (Crataegus pinnadifida Bunge)e ‘FauHE-ao] &
¥ o7t el R AAL, Aua), akea), gsgel, A,
ob7hl o tE olfoE HEr|k gt Ala ke Ui,
228 & AslEA sl e BE 22 dua dEA
Rom ok, g ¥ Ay PJFFEe] YEIT o]8¥T )
1:]-_11)

E A3 A9M|E) HS68(normal human skin fibroblast)
o Zpeld B RAFEI 1209959] 2]8-21E (edible plants)Z -
H s 223 138 uksAA MMP-1 AAE oA &
S Ad 24 AAIEY. I F =& MMP-1 oA 24
< H3) o199 WsEEEYo N JABHELS He
AAG = AR sty A4 9 7154 s3E A
2M9] ol& 7FeAS HESIIAL s

2 =
27, A FF7E A 2 RIS A 24 AeAE,
e 7 AAAE BRIg & skt MMP-19]
A AAEAAE B2l o9 (Crataegus pinnatifida Bunge, A%
Al 7% B3 )= Z38APA Y3 MMP-1 antibody
(monoclonal)¥ Oncogene research products (MA, USA),
Anti-mouse IgG, TMB(3,3.5,5'-tetramethylbenzidine), MTT(3-
(4,5-di-methylthiazol-2-yl) 2,5-diphenyltetrazolium bromide F-
Sigmarh(St. Louis, USA) A8, 2 2)2] Ajeke Ajek AdF
Ee 595 AMSIEE UVB lampModel XX-15B, medium
wavelength: 312 nm)+= Spectronics Co.(NY, USA)E A&}
Ak

AR B4, A3 glucoseE HFEEZZE 3o phenol-
sulfuric acid¥ 0.5 whillZ TS bovine serum albuming
EF E4Z sl LowrydPo g Aot

HS68 human foreskin fibroblast cell line} human
keratinocyte?] HaCaT cell line ¥k} A=, <X A4
o} A3 (human foreskin fibroblast) HS68(CRL 16354 £=
ATCC(American Type Culture Collection)ollA] £k wigtom
A EAAMEF2A (normal human keratinocyte)$! HaCaT A ¥
= 549 Dr FusenigZ -8 7|5 ¥ott). wix= DMEM
medium®ll 10% FBS, 0.5% antibioticsZ &3] 24|81,
vk 37°C, 5% CO, incubatorZ AH&-3}%iT}

UVB AL 2 AlR9] A7, HS68 cell line2 5X10° cells/
well?] 352 12 well-plate] ¥i<, 2F80%<] confluency o
T2E o AuAE AAT F PBSE MF st Wik serum
AES AAANZG. NZE serum free DMEMO AJEZ 0.1
mg/mi®] FE2 H7Fste] 37°C CO,, incubatorl Al 20417F HY
FAIZTE. wike] b PBSE AlE & cello] PBS7F 70
AElollA 35 mifem?e] dose®E 48A]7F UVBE ZALSHEH. o
Z72 UVBE ZARTIA &3l 835 olgdM 53 A7k
< WA EITH

MMP-1 384 S (ELISAY). HS684¥$ HaCaTHX
o] UVBE XA & 48417t HUE wf Al Wikl s 3

O Tl

&) ELISAWHS o183l thdst 2ol S451tt. Immuno-
well plate®] glutaraldehydeE 100 wi(10 w/mi D.W)YH  wellol
F3ie] 37°C, 1A1ZE RESAIZl - S/TE well-plaes A&
sl B715 AASIATE 719 iR S 100 W EEskar
37°C, 1417} ¥k&AIZ] ¥ MMP-1 antibody(mouse)E 1 : 1000
2% blocking solution(0.5% casein)oll A3t 100w A
F3IRL 37°C, 1A1ZF HESAIZTE Anti-mouse IgG peroxidase
conjugatedE 1: 500022 blocking solution®] 3]4335}e] 37°C,
1A7F 982171 5 PBSOl =91 0.1% Tween 2022 A& 3}aL
2718 AAS o 71Z[TMB 10 mg/m! DMSO, 3% H,0,,
50mM sodium acetate buffer(pH 5.1)]< welld 200 w2 2
o] 15 B+ We At A wREAIZTH 1M H,SO, S0wWE
H7veked wheS A3 FH A F micro plate reader
(Model 550, BIO-RAD Laboratories, USA)S AF&3}a] 450
nmolN FEEE SASIGITE ARl g MMP-1 A8 oA
A& ol Aol wet gksiaint

Inhibitory activity of MMP-1 secretion (%) =
As—Ab
_257 Al
1 oo Ab] 100

Ac: Mock irradiated medium®] S-4%.
Ab: UVBE ZA}slLsample A2]314] ¢& medium®] $3%
As: UVBE ZARkaLsample #1218 medium®] 5-3=

Cell viability®] 2. wjdo] ¢ksd APPAS AAS
HiA] volume?] 10%°) dlGsh= MTT( mg/m/ in PBS)S
ILO3AIZE 37CelA B &S A wkeAlRl o FAdE
formazans DMSOZ =<1 & microplate readerS AFE-5}¢7
570 nmlM FFEE SAHTAC

ScreeningAlE9] ZA. 12059 A& AEE 100°CA 5
7 blanchingdle] AAEW G408 BEAAIIZ Al A
ko] 2545 Y 7,000 pmollA 3027 homogenizer(IKA
Labotechnik Co. Ultra-turrex T50, Germany)= I} §F
5000X gollA] 207 PalitEiste] 2 A Ag sAxst
of WHEEE(Fr D2 3t AAES 255 ols] AAT
S methanol, hot water <202 2A7F B3 5 FE
N7+ ¥E EAAZS R Il IS QT

ol (Crataegus pinnatifida Bunge)|X] MMP-1 A &4
EZ9 B2 AA. MMP-1 A4 dAle] =2 &4& B o}
7V (Crataegus pinnatifida Bunge)oll tfsl] ol o] F&
2 HegAIE Ak & o R 500 g2 100°ColM 5 &
7} blanchingdle] AMIW §4E EE/JAIZ]Z hand mixer®
ek & AlE9] 10ve] FRTE 7S 7,000 rpmollA
300%-7} homogenize® g F 500X gollAl 3047 A4l
gelo] A2 HedE sZALs YrFE=(CP) 15g8
odgith. o] CP FE-E Prep/Scale-TFF Cartridges(Millipore,
Bedford, USA) % 10kDa3} 100kDa regenerated cellulose
cartridge(Millipore, Bedford, USA)E ©]-€-3to] 10kDa~100
kDa®l EZ(CP-2, 11 ol SAHES it o12e 57
o £-8%F T= 10mM potassium phosphate buffer(pH6.5)

oL o

ro{t of -1014

o



62 ol - ekRs) -

EEREL

2 H 39 DEAE-Toyopearl 650C column(Cl™ form, 3.5X
285cm)ell F2AZL £ 025, 05, 0.75, 1.0, 20 M NaCl &
Mg Al 6719 FE(CP-2L L, ML IV, -V, VDS
Ak, olFoiM TP e Hest oA B9 ER CP2vE
50% X3} fetgdioz HYFHSAIZL Butyl-Toyopearl 650 M
column(1.6X 30 cr)ell FUg ¥ 50 — 0% ESHH<T Hlse
TFHE AMgstd RS && AFHY. WA 50% E3HE &
Hog L2 AAH BEHEQ CP-2Va0.94 g)S tHA] pH 5.2
acetate buffer® B33 ¥ Bio-Rad P-30 column(3.0X91 cm)
oA 03 mimin®] A4 2 gel filration chromatographyZ 4
A&t 4709 FE(CP-2Va-1, 2Va-2, -2Va3, -2Va-d)ellr &
A BELS CP2Va22E 032g2 <49t

AAGHEe] &5 2 BEAF 2A. Gel iluation
chromatography 25¢ 8-&% CP-2va2®] =9 Ao &
ole F 92 Bio-Rad)S aprotinin(7.6 kDa), lysozyme(22
kDa), soybean trypsininhibitor(30.1 kDa), carbonic anhydrase
(36.8kDa), ovalbumin(52.3 kDa), bovine serum albumin(98
kDa), B-galactosidase(119 kDays AFE-81) 243193 HPLCS
Z7A4& 280nm UV detector, column- Waters Protein-Pak
300SW(7.8 X300 mm) mobile phase< 0.1M NaCl, 0.02%
sodium azide, 10 mM potassium phosphate buffer®]3l Flow
rateS 0.5 mliminZ AAFIE}. T3 sodium dodecyl sulfate
(SDS)Y12% polyacrylamide gel AME31T gele] EH-E
0.05% Coomassie Brilliant Blue R, 30% methanol, 10%
acetic acid® X832, 30% methanol, 10% acetic acid®
23T, A subunit types King® Laemmlis ol ¥
=3t

MMP-1 A 84§ 71 AAGYEe] 484, AEE
60, 70, 80°CoIA 107k 3087t 7FEAEE F A EA <]
ZFHARE AT B Yamada 59 WHP2 wet
MMP-199A184¢] BERE &A% s Cp2 B8-S
pronase digestion3} periodate A¥SIX2|E ZH7t AAISIATH

a0 % 0F

UVBZA}3o] w}& HaCaT cell?} HS 68 celld] MMP-1
2o, 39 A¥3¢ HaCaT AES} A3 Aol HEFQ)
HS-68 AXA UVB AL w& MMP-1%H]3 AZ A
£%5 2438t A7 (Fig 1, 2) HaCaT AE2 ¢ A2l B
ZANE| wE MMP-1 FH)3o] gizsd) {93 Xeolg Hol
- okt 2y HS 68M1ZeM= A9)d B7F 30 milem® 5
715 MMP-1 #8]30] {3 $718 BAFEA 35 mllem’
ojellME EHIFk] ZAsE A ST B Al A
E5N= HaCaTHEE A2 B 30 mlem? FAMEE ool A
45% AEZ AESES BY FHI UVBY Z71gel] wet g4
H AL 2o F¢ioh. aed HS 68 Al¥+= UVBZL 45ml/
e EREI R AT AESC] 85% AEE IUKR| A
A e HA 29t} Brenneisen 52 Al Aol Al EF
A 2B 2AF & MMP-13 MMP-32] mRNA levelo] &
7Vel A2 BT E3 Airola 52 EIMEFQ

Abs.at 450 nm

Ceontrol 5 10 15 20 25 30 35
UVB dose (mJ/em’)

Fig. 1. MMP-1 activity of normal human fibroblast (FHS68) and
keratinocyte (HaCaT) at various UVB doses. Each assay was
triplicated. Control: mock irradiated cells, []: MMP-1 secration of
HaCaT cell line, Ed: MMP-1 secration of HS68 cell line.
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Fig. 2. Cell viability of normal human fibroblast (HS68) and
keratinocyte (HaCaT) at various UVB doses. Cell viability was
determined by MTT assay as described in Materials and Methods.
Each assay was triplicated. Control: mock irradiated cells, [ Cell
viability of HaCaT cell line, B: Cell viability of HS68 cell line.

HaCaT A EAA 24 B o] 9sir MMP-1 AAdo] Z71g
Ty Hysioho g B A9 AAlr= HaCaT cell
HUH= HS 68 celldl MMP-12] 840] o $71d Z234E B
act. WA 9] A5 olMIEL] HS 68 celloll &%2] PBS7t
A7FE AdelolA 35 mifem?®@] doseZ A}e]A B RANFS AA
sttt dizTe AAS AR 23 FEF okiolM
T3 AIZRE WA BT

UVB ZA} & Bu|5e MMP-1 2] A7k w2 dsls,
UVBZRAL & 538 271948 HoE HS6R cellsE ©]-&3t
o, FA} F o)z AZWelA 7P B Gl MMP-10] #H]

EAE AEINHFig. 3). A F 24A7HEE 7247k A
I T 243 A} 3677, AN MY w2 SRS B
Aot TestZ B3 F23 zolg AR B A 36x0
481)7F AJole] §9)F xjol= g4It Brenneisen 5O AH)A
B XA 3 24A7bllA MMP-1 Ado) thEzel BlsiA) 4.8u)
Z71e AFAE BEFAu® v E A FX = Bemnegerg
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Fig. 3. Effect of MMP-1 secretion in HS68 cell line incubation time
after UVB treatment. MMP-1 secretion was determined under assay
conditions except for the incubation time. Each assay was triplicated
No Ag: No antigen for negative control.

Table 1. Inhibitory effect of various plant on MMP-1

. Inhibitory activity (%)*
Scientific name
Fr.1a Fr.lIba Fr.lllc

Platycodon grandiflorum 55 34 43

Angelica gigas 21 43 41

Crataegus pinnatifida Bunge 73 30 52

Allium sativum fir. Pekinense 70 7 48

Dioscorea japonica 51 13 51

The concentration of each sample was 0.1 mg/m/
* extracted with cold water.

b: extracted with methanol.

°: extracted with hot water.

ol B3gk v e 7R PEAR] A7 48A17-E MMP-1

FGA1Zke 2 AAsant”

2 E25ES MMP-1AA dAEY EF A4, I79
Feslel] o] AMA AT FEEE U MMP-19] A4
AAEL S Relstual 284 Eedible plants)S SR
MMP-1 A4 oA 848 AN 23 50% W99 w2 24
S WOl F2Z2 ols}9)(Crataegus pinnadifida Bunge), "Fs
(Allium  sativum L)), =5(Phaseolus radiarus L) Z2FA
(Platycodon grandiflorum A. DC.), B (Angelica gigas) 5-°I
ITH(Table 1),

oI o2 EE MMP-13849A] 84849 AA. MMP-1
Al Bdol 7HE B AE FA40] gl obele] W F
oA & RS AA At s s opke] W
3] (CP)2 pronase®} peroxidate *2]3t 23} MMP-1
A A Bolske o] FE whAYS IRIE 4
olof ol7}9] W4 £ (CPOENE MMP-189A1844 A
Ag AAstaAt skt
S 8-S Bl wel prep/scale-ultrafilrationE ©]8-31
2F 10 kDa©) 8HCP-1), 10~100 kDa(CP-2), 100 kDa(CP-3)
| 37) BRo=z RIYIHULE AIEE 0.1 mgmie] FEZ
ZAst] MMP-144 AA1EAS 233 23 10~100 kDa®]
BARES 7HE CP-2 ®80] 60%% A0l 7P =3k
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Fig. 4. Elution profile on Butyl-Toyopearl 650M column
chromatography. After loading CP-2 fractions, Butyl-Toyopearl 650
M column was washed with 10 mM potassium phosphate buffer (pH
6.5) containing 50% saturated ammonium sulfate and then eluted with
linear gradient by 50%~0% saturated ammonium sulfate solution. @:
Carbohydrate at 490 nm, O: UB Absorbance 280 nm.

3, B2 10kDa ©)ate] EFEEQ CP-1> 34.6%, CP-3&
429%9) BAS Eth(Table 2). WehA opiRl2HE F&3
MMP-134 A @448 Blad Expe] & B2=2 4
Hth WereA B8og Aozl e 7 F 4] 7}
A =9 10~100kDaoiA §&% Cp-2o st ol o
3} 42%]2] DEAE-Toyopearl 650C column(Cl™ form)& ©]-&-3}
of ol&7twol wet B3t A3 1M NaClolM §&% CP2V
Balo] 694%% 7P B0 %™, 0.75M NaCl oA &
Z% CP21V 283 2 M NaCl 8L 0.1 mgm/®] =0l
A Z¥zt 26%9F 27.8%2 A4S EATH(Table 2). 2 19 #
oM AAZAo) vlolsldet. &2 CP-2-1I #-¥°| 363%
2 7P mgkon o] =9kE CP2V 2 87%° T&
< B9tk 1 M NaCl¥] 58 2o 29 FEo] &2
A4S Bdomy BAEAL Hwd s ol =FUE
o 4 k. 7FE Aol HW CP-2vE Butyl-Toyopearl
650M columne ARE-3}] hydrophobic interaction chromatography
HIO)Z E33 A3} (Fig. 4) CP-2Va, -2Vb, -2vVee] 3719 #
g Balaigia 7 g8 AAEAES 243 Z¥ HIC Y]
BxElo] 50% FIHHrgdgRe] Frold §&H CP2-Va
7} MMP-1 SAIEA 0] 843%2 71 &=}l CP-2Vbi
38.1%, CP2Vee 11.7%2) £4< JepdoZ” CP-2-Va 8
o FFAo] B2 EAYUE & + UUTH(Table 2). Butyl-
Toyopearl 650 M columnolA 7P E4do] &=94d CP2vel &
4243 B82S Bio-Gel P-30 column? AM2-31%] gel permeation
chromatographyE AA|gr 23} 4719 8 (CP-2Va-1, -2Va-
2, -2Va-3, 2Va-4) o2 EEEom CP-2Va-2&8°] MMP-1
AAEAdo] 885%= 7Y EUTHEFig. 5).
Bio-Rad P-30 AM&3te]  gel

permeation  column
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Fig. 5. Size exclusion chromatography and MMP-1 Inhibition
activity of Bio-Gel P-30 fractions. CP-2Va was subjected on a
column (1.2X94.4 cm) and eluted wih pH 5.2 acetate buffer at a flow
rate of 0.3 m¥/min. Each fraction of 0.8 m/ was collected O: UB
Absorbance 280 nm.
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Fig. 6. HPLC chromatogram of CP-2Va-2. HPLC was performed on
a Waters Model M680 equipped with Waters protein-pak 300SW
column (7.8 X300 mm) and tunable absorbance detector and the
sample was eluted with 10 mM potassium phosphate buffer (pH 6.5)
containing 0.2 M NaCl and 0.02% sodium azide.

30.0000 40.0000

chromatography 2 €] 92 CP-2Va-2v ©¥iEE 80%°1% &
I Ao HPLC 23 9 932 Yy, 2313
B SEES vw SRS Ay FAGEe] ERpgS oF
19kDa®] THEE AFHALFig. 6). EF A7|9s 23 &
Y bandRY FFDYAR F4E EAFFE 20 kDaol ATt

Table 2. MMP-1 inhibition activity of subfractions obtained from
CP on Ultrafitration, DEAE-Toyopearl ion exchange column

chromatography and  Butyl-Toyopearl 650 M  column
chromatography
Sample Dose mg/m!/ aIcrtli}irlit:;u(o‘;; )
Cold water extraction CP 0.1 65.0
Ultrafiltration CP-1 0.1 34.6
CP-2 0.1 66.9
CP-3 0.1 429
DEAE-Toyopearl ion exchange CP21 0.1 215
column chromatography
Ccp-211 0.1 50
CPp-211I 0.1 4.0
CP-2 VI 0.1 26.0
CP-2V 0.1 69.4
CP-2 VI 0.1 27.8
Butyl-Toyopearl 650M column CP-2Va 01 43
chromatography
CP-2Vb 0.1 38.1
CP-2Vc 0.1 11.7

Table 3. Thermostability, pronase digestion and periodate
treatment of CP-2 from Crataegus pinnatifida Bunge

Sample* Time Inhibitory activity (%)

Cp-2 100
Pronase digestion 28.4
Periodate treatment 85.1
60C 10 min 62

30 min 45

70C 10 min 10

30 min 10

80C 10 min 10

30 min 8

*The concentration of each sample was 0.1 mg/m/.

AAGHREe] 28 B4, 2 MMP-1 34 24& 7K
B2 Ry ZCEE retinoic acid9} triterpencide 2 lectin
F 5o] B FHAG® HA ol the MMP-19] A &=
(2-macroglobulin®l\} TIMPs 72+ AsfAl¢} S BFE EHAE
o} B uET Ut oprigie) Wg FEEAN TE 84 §
S A si9en 2 g49 BAE ERlsk] $8liA pronase
9} periodate 2] 23} pronase HE|A] MMP-1 A &/do]
76%7+2 H).01} periodate XA OF 15%%t0] A sof &
Aol BEAle g & 4 At g dofl i P
15t A3} CP2 FEE 60°Ce) A% izl s 10
A oF 48%, 308 A F 55% B0l AR
7} 355l wet Table 3914 B S %] AAEA
A8 ZAihgozn BYEFLS T.2oA FFIA £t
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Isolation and Characterization of MMP-1 Inhibitor Peptide from Crataegus pinnatifida Bunge in Fibroblast
Cell Line HS68 Cells

Se-Young Lee, Jeung-Hee An*, Hyug Chun and Hong-Yun Cho (Graduate School of Biotechnology, Korea
University, Seoul 136-701, Korea)

Abstract: MMP-1 inhibitory compounds were isolated from 120 Korean traditional edible plants. MMP-1 activity
significantly increased linearly with increasing UVB dose in normal human foreskin fibroblast HS68 cell, showing
maximum activity at approximately 35 mJ/cm?, whereas in HaCaT cell, normal human keratinocyte, no increase was
observed. Maximum secretion of MMP-1 after UVB treatment occurred around 36-48 hr after treatment. MMP-1
inhibitory compound isolated from cold-water fraction of Crataegus pinnatifida Bunge showed the most potent
activity. The MMP-1 inhibitory compound was deduced as a peptide based on the fact that pronase digestion
decreased the activity whereas periodate oxidation did not. The most potent MMP-1-inhibitory protein, CP-2Va-2,
showing an activity of 88.5% against MMP-1, was isolated through sequential column chromatography on DEAE-
Toyopearl 650C, Butyl-Toyopearl 650M, and Bio-Gel P-30. Molecular weight of CP-2Va-2 determined through high
performance liquid chromatography and SDS PAGE was 19 and 20 kDa. respectively, signifying a monomeric
structure.
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*Corresponding author



