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Evaluation of Inhibitory Activity on Matrix Metalloproteinase-1 Expression

Kwan-Chul Kim', Hyeok-Won Lee®, Hong-Won Lee®, Soo-Jin Choo?, Ick-Dong Yoo??, and Byung-Jo Ha'*

"Department of Public Health, Graduate School of Science, Eulji University, Seongnam 461-832, Republic of Korea

2Innoskin Co., Ltd. BVC 209, Korea Research Institute of Bioscience and Biotechnology, Daejeon 305-806, Republic of Korea
3Biotechnology Process Engineering Center, Korea Research Institute of Bioscience and Biotechnology, Daejeon 305-806,
Republic of Korea

Clitocybin A is a novel anti-wrinkle cosmetic agent produced by the strain from a Korean native mushroom Clitocybe
aurantiaca. In this study, fermentation, extraction, and purification conditions for a large scale production of clitocybin A were
optimized, and its cytotoxicity and inhibition activity on the expression of matrix metalloproteinase-1 (MMP-1) were
characterized. The mass production of anti-wrinkle agent was achieved according to the 300 L fermentation process with a fed-
batch cultivation using the modified yeast-maltose (YM) broth, and a total of 12.5 kg of cell mass was obtained in a 120 L
culture broth for 14 days. After extraction and purification, clitocybin A was identified by HPLC. The cytotoxicity of clitocybin A
was examined by the MTT assay. When assayed at 100 and 200 pg/ml concentrations, clitocybin A showed no cytotoxicity,
demonstrating safety. The inhibition activity of clitocybin A on the expression of MMP-1 was examined against UV irradiation.
Oleanolic acid (control group) showed a relatively low MMP-1 inhibiting activity (ca. 16.7%) at 10 pg/ml and showed increased
cytotoxicity at higher concentrations. In contrast, clitocybin A showed no cytotoxicity at 100 ug/ml, and exhibited a relatively
high MMP-1-inhibiting activity (33.1%). These findings indicate that clitocybin A may be a safe and effective anti-wrinkle agent
for use in functional cosmetics.
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Clitocybe aurantiaca~= 478 HHITHAOCZE EI&= = 9lov, Caurantiaca d5F5 EF3HIH & 929 Clitocybe
WA HA Y dFor JEMAE, JRIHAT & & 4371 Aste Yot & 5 ok C.aurantiaca
3}= Hygrophoropsis aurantiaca® B HE 7} FEWALE,  (=Hygrophoropsis aurantiaca) A2 7120 A4+ W
SoHALRE A ERE gAEFOIT H2 FPdFEH B Ay ARE7| o R Ao LA flon FHH &
A A HAAEH = 2]0] o3t ZUYols C. candicans, ALE FEE AE 2.9 cmZ T2 A 2% HEFFHS AH
C. dealbata, C. fragrans, C. gibba, C. lateritia, C. nebularis,  Ztujj7] 2ofo 2 E}, FHL SN Z=3 Mo 11 7H=
C. odora, C. phyllophila 5 8%&°] AAY3I1 ot E I 5 g2 do] 91, FHEL ofRom 1Ry EFRFS

ol gL} FEAS WA FEAET SHo|0] 3.58) BATT
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C. aurantiaca @7} AJAbetE A o)} qAMLE F 3
59 20 B ATE BAES AT} oo
. Kim $[4]& Clitocybe aurantiaca KCTC 11143BP Hjj
ool o 2 HEl C1,H1NO4S A4S ZF+= iso-indolinoneX|
A5t 33t SAEAQ 4,6-dihydroxy-2-p-hydroxyphenyl-
isoindol-1-oneS ¢34 & AA|5}9] clitocybin Azt ¥
W3l superoxide ¥ ABTS o) Zg Z+Z 1Cs0 10.3 ¥
6.4 uM FE=OA 2AsHH, 53] Hy0:0 o8 =¥+
DNA &3 & ¢ axt& o2 A gttt Hustgiet &
Moon 5[10]& clitocybin A 3}3HE0| free o) AATH
o wat ME=3} 9 apoptotic A ZAPES 7 5HA A
2 FUsT 1 487188 FEHAL. FE, Yoo 5
(12, 2012 EHFEIAZY o] FFAE Azt A3E
Bt on ol ERFSIA LY HEgh F4] o 3
FEEE @HFFSOIY AEH A A58} 944ET
3 3T E Kim $[5]2 Clitocybe aurantiaca KCTC
11143BP W FH o 2 HE T o2 Al F =& EH 5o
clitocybin D2 HE3 § FEAAHY Hddo] HA Y&
human neutrophil elastase 2 A| &4 o] epigallocatechin
gallate®} of53t &7} Q)&-& B skt

34, Zhenq S5[21]2 C. sinopica A A ZHE 44 kDa
o A4 24 B3t 2™, Nakajima 5[11]2 C.
acromelalga®] YAtst= WA S5 FHs A 1 9
o %= Pohleven 52 454 A& Uehf+= lectin B A
T[13], F4tsE B AT[16] 5= TASFAT. EF Seok 5
(1412 FjellA M2 F2 2Ast C. alboinfundibulliforme
2 sty ZAY] FHj 5 FEHE A4S s &
32+ Yoo 518, 19]°] 93t tigil= 537} 555 o] qirt.

H Ao A& Clitocybe aurantiaca KCTC 11143BP &
7t At st SdEZQ clitocybin A BH3HES] o
PRSI HY 9 M4 9 FREAL TS 2
BAYAE F clitocybin A 3HHE 9] FEAA WH, 7154
TR HFE 2z &85 AT AZ54 4 MMP-
13 AAZAY 55 AT

e R wy

B oo Ag3 ny 2R U A ke BT EDifco
(USA) AIFES AHEstgl oL} 300 L o & az ujoFAl
yeast peptoneS GBiospringer (USA)2] yeast peptone
02025 AH&sHiTh A F9 7|2 YA E gt &%
A= ESigma (USA)Q] antifoam 2045 ARE3}STH 2ra 7|
= @Kobiotech (Korea)?] KFC LA-150 5L ¥ar] %

KFC 300LB 300 L H&7] S Al g3tgon 2ad 5=
GIYSI (Korea) 2700 SELECTE AHg3to] 245t ch +
& packed mycelium volume PMV, %) &43t3ch =
kol 30 mlE HA|A L Z conical tubed] 3t & 15,000

pmlA 2087F AR A5 Kl g St
WHE B2 73 ¥ YL ¥ wRasie o)
g 24eto] FosAT. A8 Folv) il 247 suh
o2 25,
DI 25 Y HUEA

FEMA 249 clitocybin A2 A AYAS 93] AME
g FFE HFAETLATY HEALAL 0] 7|teto] B
I3l 1= Clitocybe aurantiaca KCTC 11143BP 455

ARESl T, IAE A= yeast-maltose (YM) A8 A (yeast
extract 3 g/l, malt extract 3 g/l, bacto peptone 5 g/l, glucose
10 g/l, agar 15 g} potato-dextrose (PD) ILA|Hl X](potato
starch 4 g/l, glucose 20 g/l, agar 15 g/)S AL-&3}H o
28°Col| A 747t A wfekste] Ag-skgith 5 L 384 v
< 95 A ke 100 m1e] YM HAujA] & PD A ujjA|
£ 383t 1L Erlenmeyer flasksE ARESIE I 28°C,
150 rpmof| 4 547t viFsl e, 300 L f7H #ied2 YM
KA R o A 5YF A v gt v g 100 mLE 1 LY
YM AAufRE &3 5L Erlenmeyer flaskso] A
28°C, 150 rpmo]| A 54 ¥ F & g A&t ET. &
3] 300 L f+71H4] & uf kA9 viA]= YM AA A& HE
3} (yeast extract 30 g/l, glucose 80 g/1, KHyPO, 1.5 g/l,
MgSO, 1 g/1, antifoam 2 ml/l) ARE3FST) 5 L 3E4] vlj%F
I} 300L §7F4 wi%%9 working volumeS Z+Hz} 3 L9}
120 L2 8}%31 pHe 2314 oFgteh wike 5L 3&4
%L 0.5 air volume/liquid volume/minute (vvm), 300 L
G714 wjoFL 0.4-0.8 vwvml Z2 3% 5te vt

MIZZ=2| B = x|

E AP0 AHEH AN FA FE =, cell proliferation reagent
WST-12 Roche 1644-807, DC protein assay kit bio-
rad 500-0116, human total MMP-1 ELISA kit= R&D
system DY901, oleanolic acid:= SigmaiH(USA) A& A}
L3ttt AFE38 Ml 5= human neonatal foreskin o]l A
S8 normal human primary dermal fibroblasts-
neonatal (HDF-N)Z A vjFHA] vt &3 & 0.1%
insulin, 0.1% rhFGF, 0.1% gentamicin, 2% FBSE 383}
+ fibroblast basal medium (FBM, lonza, CC-3131) 8 ]
£ 43, 37°CE A8t 5% ol4tstetaE Z3sl= v

7] Wl H st ATt
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ME=GAI

Clitocybin A 329 AZ=/4E gelstr] $Jste] HDF-
N cellso| A 9] Al ZEAS =A3519th =, HDF-N cells2
96 well plate] ZHZF 5 x 10° cells/well2 E33F ohS A X
B F 2ol A 24A7F v oFsE Tt vk &, 12A17E9] 7)ot
AHE FA8 H, clitocybin A @ M Z- U} X (media
supplement A& P, 24X 7F B v Fakch. 2447
T AZY 422 2H37] Aske] WST1 g ole
supplement”} A= vjX]o] 1/102 3435}t o]E Z+ well
100 WA A 2 ste] 1475 ¢E BE3AIZ] T 450 nm ol A]
sUEg 24ar.

XMool ot MMP—1 &t AXAIR

Clitocybin A 3}gE0] AL A o 93t matrix metallo-
proteinase-1 (MMP-1) H@o| v = FFE 2AlSH] 95t
o] HDF-N A|ZZ 24 well plateo] 1x 10° cells/well2 &
T3 tha 37°C, 5% =9 COy 7oA 24A17F vl s}
Aok A AW E o] &oho] wi gt Al Lo FFE FA
ok W Ol¢o] UV-A 5 J/em? + UV-B 40 md/ecm?E R A}
£ A7 AR A2 meshol 4847 HloFstalet. )
oF & v kM-S human total MMP-1 ELISA kitES ©]-&3}
of MMP-1 &d A= & =39 ). o]u oleanolic acidS
IO 2, ARE AYstA| @2 Alzujdd e whs 5%
TE 2o g Ao 247 334 whEste] Bk
< Tt SR of 9 S840 9 MMP-1 4@
A =& Ui

MMP-1 L&A al-&(%) =

HETY WS FFE- AR AEHFY WS FFE
EEER

SHE

A FNE 7

ZF 9] Student t-testE ©|-&3}] p-values
731l fol4 g 7

Faset

-

1]
EEEL I QLS

C.aurantiaca KCTC 1143BP2| 5 L S|2A! HHQ¥
C. aurantiaca KCTC1143BP #3& o|&3 5L Wa
3] &A] v okol A PD HAufR| & o]-§3t4] 28°C, 14U 5<
v ket 235 Fig. 19] YetWich WA pH| ¥3tE HH
27| pH 5,622 Al&sto] v 5479l pH 6.07H]
ou|8tA F7kstehrt thAl A A 3] A shE|of vjeF 1497 ol
= pH 558 YetY Avty o2 Z H3l= YeiA] gt
28 FAlO §EA42MD0)Y FE WIE 27] 100%° A

B
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Fig. 1. Batch culture profile of C. aurantiaca using potato-dex-
trose (PD) broth in 5 L jar fermenter.
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HoF & 2¥ell& oF 82%7HA] AB}alchr} HEZ 3|55 o] uj
% TR A7 & ¥E flol AU 19 A A%
T3 9] packed mycelium volume (PMV)& %7| 0.0057
(%, PMV)ol A v 4 o= 0.006 (%, PMV)S LERH
T ¢ o]FY F7t glol L8] mlu]stAVuE A A5 A5t
St Ao Z UeTh 0|9 Ao iR o Z=T Y F
== v 38 FE FA5HA Astete] v 64 ol= A
9] 2 HQIth o] 2 C. aurantiaca KCTC 1143BP ¢+
FE s Ldaxz &4 wigoli PD A A S o]&-35t4
v & A9 1447 s FotolE oA Aol dgstA &
SHEL, wHebA PMVF ol¢ -2 o 4 ek 14207 o)
o] YA WA £ G242 0 pH o AAY s}
A QoE AR BAT ol f2 2=t o|4pe] 2
3= PD HA| 8] A 7} C. aurantiaca KCTC1143BP #+F 9]
Ha o= AAetA B2 iR S AR sl
FHE, 5L AR 3EA vl YM AR E o] &
ako] 28°CollA] 14Y7E vjokgt o= Fig. 29 o] PMV
7} 0.0087 (%, PMV)Z PD AA|HjR & AHEHS w2t o
53| A Uebgth. 19 37 pH ¥ste wjgFz7| o= pH
4.07HA] A stsithzt XA 3| F71817] Al&Fste] v £719
£ pH 6.95714] A5ste] dubAE Q] g7 wituie-S
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Fig. 2. Batch culture profile of C. aurantiaca using yeast-malt-
ose (YM) broth in 5 L jar fermenter.

Hof 2ok wix] F9 24 A A U= w2

7)ol= pHO Wstel 3HA| 62.9%712] A} sithrt A A8 A
Z3to] HjoF 7)o 80% AEE (RG] T7|7HA] AE
7F @3] AL Sl AlARSHET o)4de AR R
C.aurantiaca KCTC 11143BP&] & F A o = PD o} A ujj
A Hrhs YM AR 7L A gstotar wekE Qo).

C.aurantiaca KCTC 11143BP2| 300 L S7}A] uiQ¥

C. aurantiaca KCTC11143BP ¥-F &8 E £3 clitocybin
AS] RPIALS S18lo] 300 L E71S ol stel $714) )
ot ATHE Fig. 301 LRIk, 300 L ¥7] $744) lop
Aol 4719 Aol A PD HA R ot YM A ulj 2] 7}
ST Flstg7] izl YM AAufA S AHE-she] vk
SFTH &, & okl 300 L AR 9] 79, 28°CollA] 144
ZF e 4 Lo Tt WiFA-S 120 LY YM AAHR & £
3Hol 300 L wra o AFtAt. it £&4L 527}
20% oA} SAE =2 150-200 rpm HY oA vt &&=
2 zae0) Wjokstelch YM AN S ol §5 5 L sl
A HjgFoA Y 27] 2= FEEF 10 ¢l =2 5HHS W
2] 59 2Ego] 452 Fa%s FUsHE7] bl
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Fig. 3. Fed-batch culture profile of C. aurantiaca using modi-
fied yeast-maltose (YM) broth in 300 L fermenter.

&3 A7Fska Wik 90AIZE Fof ThA] 50 gle] =S H
e zA YU AZRFE FENAT. T 23} Fig. 4
o} Zro] PMV+ o 15.1 (%, PMV)S Ueh 5 L ¢ a7]
% o|g1 ol visiel A YET MYl ol
A8 SHIT 4 ULk Ee W F 304120 USRS
o A9 27 TET LuEEE 27717 840 5N
KOHE o] &3l pHE 3.504 4.002 AZ A HAT
3 olush) btk b1t 142009) 17 B
o3 Ul o apis it frlsislont g 32
H 5 AR d Y FEARE St 94 &S
75]]’;}?_]' A1} 12.5keg/120 LY C. aurantiaca KCTC11143BP
TAAE SR 5 AT

SATRE YA L2 AT BHT Fol o] o
120l A3, ol Mate] PAFE 2HOE HREF G
FANE FE0] B BALLS AT Yot 977
I} C.aurantiaca KCTC11143BP #+F=5L W8
$310f SEA O WUSHRE A3, PD AR e VM
AN G & Ao RS SISAT. EF VM
HA A E AHES F7HA 0 & wjokd F ¢, w2
PMVY Z71S R ow #4 MAFE 12.5 kg/120 Le]
AT o= 104 g9 =& AFet= FA
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Fig. 4. HPLC profile of EtOAc extract of fermented cell mass by C. aurantiaca.
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extract 30 g/l, glucose 80 g/l 5 T4 YUY} FAYL FE3)

goiz Fatetn s

Z2INM AXY clitocybin A2 FESEA|

C.aurantiaca KCTC 11143BP #+F9 7714 84S 5
sto] St FAR FEE FY cliticybin A IS WY
Yol weh FAH 2 2ARE AHE Fig. 49 Yebdth
Z W AR 29, 49, 64, 89, 10¢, 129 ¥ 1449
g FAAE QT F WA FFY acetone o 2 12
SHATE Acetone F&&2 A $F9 EtOAcE #8 +
3t & EtOAc 2& chloroform : methanol H|-&< 50:19]
A 1:12 £2}4 22 silica gel column chromatography S
A A 8le] B3 S & fraction 33} fraction 45 A| 2} £-uj
100% MeOHE ©o|£3}9] Sephadex LH-20 column
chromatographyS AA|slgth FEH o2 HPLC (20%
MeCN, 210 nm)& AA|3}o] vk} 9] clitocybin A &
F2 FUstgnt. olw, =43 clitocybin A IAES
standard® B] 13} retention time 8.1 Etfjo] a2 & &
Ao = vigH F9 clitocybin A T Erelsttt. 1
A1}, Fig. 49} Zo] wj¢F & 2970l 537} HolA| gt
7F Wi T 44 A EH clitocybin A9] 337} Ho|7] A|Zs)
of HjgF 3 8%, 10¥ o|Ffl= FFAH L& clitocybin A7} A8

dES 98 + AU

=
=

Clitocybin A2| MZ=A

Clitocybin A 3FHE9] in vitro | ESAL A2 nEE
Eejot B4 &Esto] AlZY &L 2T 4 = WST-
1 k3ol o8 SFHU & AZ AEL-S HDF-N A
ZE o] gsto] HrtstA o ARE A<E wjeF wiAT A
2|3t Zk(control)ol] et WMELEZ YEFHTE = clitocybin A
£ ZA %= 0.001 pg/mloA FiL H= 200 ug/ml7tA| zt
TEHE AU F AZ YEES SATCEA 2 3

Table 1. Cytotoxicity of clitocybin A.

Y Az54ds 2AREH. 2 SHEE= MMP-1 84
A RAF A] YubAE 0 2 AFR-3l= oleanolic acidE AFE-3}
Sk 1 A3k, tf =421 oleanolic acid A 2] Lol A, ulf gl
A9k A2t Fo AZ YE2ES 100%E 23S o,
oleanolic acid 0.5, 1.0, 5.0, mg/ml X Z]A|ofl= 102.4 + 1.4,
102.9+4.0, 103.7 £5.0%2 A< W37} githrt 10.0, 15.0,
200 ug/ml AA o= Z+zZ+ 110.1+1.4, 107.8+10.9,
125.1 £ 7.6% & N sttt Al2FAaxE Yetli= 3
olqlth. I Y 25.0 ug/ml A2 Aol 37.5+1.2%2] AlE
AEEE Holr FA3 AZ5AFE Uetith(Table 1).

S, clitocybin A X 2]tol| A= v gl A| gk A 2|3t 9
HEZ PEEES 100%E B 1, clitocybin A 0.001, 0.01,
0.1, 1.0 ug/ml A Ao HELL 7+7F 93.8+3.0, 99.3+
1.5, 954134, 100.3+3.6%= ¥ ®37} ¢thrt 100,
100.0 pg/ml A ZAJol= 114.7+5.0, 134.6 £ 10.4%= A X
AEL0] 7 F7Fsklnh 22t 200.0 ug/ml A2 Alofl=
735+ 5.5%% N E7}F A7) AR Aoz Jehygth
(Table 1).

o]+ A2 HE clitocybin A FFEL JR12 F&
%+ oleanolic acido] H]3}4] o] QHA3H 100.0 wg/mle]
=g APsto® 23|28 135% JEY AEFA ans
el = g SRE S Elstatt

Clitocybin A 3l8tE2| MMP—1 &red 2ixjj&tM
Clitocybin A 3+gHE9] FENA &5 EAst7] 215t
FER YA e g Bojste FEhl Baaagl MMP-
19 4t¥ A3 &5 immuno ELISA assayH & ©]-83}¢
ZAslE o oluf oleanolic acidE E& U212 H|T 7
E3 9 th(Table 2). HA o 232l oleanolic acid #] 2] F|
A], oleanolic acid 0.5, 1.0, 5,0 ug/ml Aol Z+Z} 7.5,
5.3, 4.2%= W|u|gt MMP-1 Asj&4< HolAY &2 A9
H3l7} gl ou 10.0 pg/ml A2 Aol 16.7%2] MMP-12]

Sl Concentration Cell viability Sl Concentration Cell viability
(ug/ml) (%) (ug/ml) (%)
Control 0 100 Control 0 100
Clitocybin A 0.001 93.8+3.0 Oleanolic acid 0.5 102.4+1.4
0.01 99.3+15 1 102.91£4.0
0.1 95.4+3.4 5 103.7+£5.0
1 100.3+3.6 10 110.1+1.4
10 114.7+£5.0 15 107.8 £10.9
100 1346 £10.4 20 125.1+7.6
200 73.5+5.5 25 375+1.2

The data were expressed as mean values (+ standard deviations) of three experiments.
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Table 2. Effect of clitocybin A on the expression of MMP-1 mRNA.

Sl Concentration _ “MMP-‘! . Sl Concentration _ ”MMP-1. _
(ug/ml) Inhibition Activity (%) (ug/ml) Inhibition Activity (%)
Clitocybin A 0 0 Oleanolic acid 0 0

0.001 -1.1 0.5 75

0.01 -2.0 1 5.3

0.1 1.1 5 4.2

1 2.0 10 16.7

10 9.9 15 3.2

100 33.1 20 -37.6

The data were expressed as mean values of three experiments.

A 2/dS Uetsith. 2H, clitocybin A A 2] Lol A= 10.0,
100.0 pg/ml AT A 9.9, 33.1%8 =& MMP-1 2 A
&S Uetlth oo A2 RE 272 oleanolic
acid= B & W& =% 9] 10.0 ug/ml A oA °F 16.7%
o] MMP-1 Z@d AFfEALS EFoH, clitocybin A= 10-
100 pg/ml 5% AYA] £ MMP-1 A& Bof =z
91 oleanolic acid Bt} €43t AR Y-S 215t}

Q1A 9] 2EAA o= MMP-18 A7} & £ 93t 21z}
= webi] MMP-19] 4dS Adste a2 FE/H04
3FE 2R aRvt ke AL on F dEA U
[1, 6,7, 9]. £3] Kim S[6]2 FE/04 AR 2 Sanguisorba
officinalis ¥8] FEEZE Y ziyuglycoside IS T3 &
MMP-1 ¥ type I collagen A5 A 4% a1}
7F lthe Ae FHete] 3EE A= &85k vk 2
1A, FEAA AR EEEL Yle RIS oleanolic
acid= 10 ug/ml A 7M1= 16.6% FE9] MMP-1 & A
S ey I o]} =5 A st 2358 54
g JanE Y AT, clitocybin A= 100 pg/mle] =
£ At T 33.1%2] MMP-1 4d A4S Hof kA
StAA = 25/ a7 S48 Fiedt 2 9S el
%, 3F clitocybin A9 FE/HA adE ddsHH o R 3
g o Aoltt.
2 o

2 AolaE 20 A 259
KCTC11143BP @77} AFsH= 22744 S35 4127
clitocybin A TaEMYAL HH 2, FE2HA 2, AZ254
9 o] AH ZAfe] WE MMP-1 4@ AE4E 5
t}. C. aurantiaca 432 5 L A XRE 0] 83}o] 3JEA O
2 ujgstelS A5, PD HAEfA| H et YM WAz o A &
S5HA AEshe Ae elskleh. 300 L §F9 thE Ha
Zo A modified® YM WjA| & ©]-§3 714 vj oz 14

2l Clitocybe aurantiaca

http://dx.doi.org/10.4014/kjmb.1405.05002

HjoFst At 12.5 kg/120 L] & FA=S Aot &
Z2E25E w3t 279 clitocybin AZ 2EAA S
HPLCE AA|5to] vioF 44 R EE clitocybin A7} A3
AbE) 3 9)2-S Helskgth. Clitocybin A 3HHE9] N Z &4
< 9138t7] Y35t MTT assayS A A g 23}, 100 ug/ml
o2 85lge A 134.6+10.4%=2 2388 AZ7 2
Alsto] QAR A7l FRlEkich W, 2o 2 AHE-
3t oleanolic acid:= 25 ug/ml FENAE 75 A ZTEAHS
UErE T E31 clitocybin A= 100 pug/ml * 2] A] 33.1%2]
MMP-1 @ A 2o FEMA 75 43HE 242

w5 943t BYBYS BaAsAt.
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