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2 A9 thEdAQ GF-glucan©] Aol Zoll Al AL H(UVA)ZAL Al
Z7kE MMP-1 2@ vXe 988 ARG Aoz e zAbE Hfold X GF-glicans A2d o wt
MMP-1 &&do] dAsH e RT-PCRE o]&a] ATW MMP-1 mRNA 238 £3 Z4asde AR vehyr & Ad GF-
glucan 05%Z AP W 544%° MMP-1 28-S At dadoz, JdAHA HBI7IZRE BE GF-glucand ¥
-8l #AEF extracellular matrix (ECM) Z& o] £A2 F&= MMP-19 84-& gAlste] el eo iy &4 e 3
wERE BsFe A28 He A

Abstract: We investigated the effect on inhibition of matrix metalloproteinase (MMP) in human dermal fibroblast (HDF) by
production of exopolysaccharide (GF-glucan) from mycelial culture of Grifola frondosa HBOO71. The photoprotective potential
of GF-glucan was tested in HDF exposed to ultraviolet-A (UVA) light. It was revealed that GF-glucan had an inhibitory
effect on MMP-1 expression in UVA-irradiated HDF without any significant cytotoxicity. The treatment of UVA-irradiated
HDF with GF-glucan resulted in a dose-dependent decrease in the expression level of MMP-1 protein and mRNA (by
maximum 544% at an 05% GF-glucan). These results suggest that GF-glucan obtained from mycelial culture of G
frondosa HBOO71 may contribute to inhibitory action in photoaging by reducing the MMP-1 related matrix degradation
system.

ok AW A (Grifola frondosa HBOO71)o] A=
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matrix)®] A # Tale HdsA 2dHY =gt 28
HEA O Aol A QM ZAbe o] okt
714 ‘:J““ k] § &4 (matrix metalloproteinase, MMP)
o7 olelgt ZFetAg Buldte ahve
43| }Uﬂ 713 2ol dEA Qe Aol Ze4
27} collagenase (MMP-1)°]t}, =}
FA & MMP7} S AIe S A8
71 93] AeAE ddE= o2 tissue inhibitors of
metalloproteinase (TIMP)2kx. d+cH57]. 18{v} MMPS}
TIMP Ale]9] AE8A HYPAel= UVRAIY S2EE B
T8, 45057 A4AY w3tdAdo] o3 FHHc) o
B sl Aol glo] MMPe &A7|ate] @
A7t ZolRal gdom HZo|E retinoic acid, retinol
FEA|, =2 #2E3 2 $4E2 (-)-epigallocatechin-
3-gallate (EGCG) 5°] Fwcste] vl TAAQ o] &
Azt @A Qlon I MAYUYFE A3 gAm
ATHB-111. _ ’
°”HB1’“(anOZa frondosa) & BE3IH oz B u gl
E5(Aphyllophorales) 78740 3H Polyporaceae)®l <

O}Uﬂ AE FAT R YFoE TtF Fo] FHolut A%
HAalelth, dAalHAle] AE)dAef B3 AFZE YA
NogHE FE3 dFH A2 5-13 248S 2= 2
2H9AZ main chainl® &4 8-16 48 72t
Bz}o] 1x10° Dadl B-glucan (¥ D-fraction)o] H

A28 F4HNA §2F BHS
HHom[12], Kodama 59 A7FAZ 284 in vivo
Ao A B-glucan®] natural killer (NK) cellS 44314
A FRAY TFAALHE Vet B s vH1314].
HZ FHF AdelA 715 DRI AT w
HoF WA AdA 2 FAHE o183 FAAE 2
dro] Zubs] axz vi15-17]

¥ ATE A2 A J1ed ol8dtel uF 4ud
AW A FAA sjgdogrE Eda Mxe oai
ol GF-glucang ©]&3td A M-S zAFeH Abahd gobA

oA MMP-1 AN EHE AL o] i3}
A= S8tz st¢ich

eshdEets] A, A 319 A 2 3, 2005
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UAHA ChEtAI(GF-glucan) 2| ®=

Aol AH-g3k WA O A(GF-glucan)®= 5 L
Az dAHA FF(Grifola frondosa
HBO071)9] Ax8 tgAg A o] &t Zan)
et ANEY7E At TAMAE AAS
A e 5% LS JHE the
h AAANAY. 8L 94Resid 24
Z3 T cruded GF-glucang do] A3 A&t

ekl
| 24

2.0 Mz gl Alet

alAgole] FujzA oA £2]3 human dermal fibroblast
(HDF)+ Modern Tissue Technology (MTT, Korea) =+
B 798k #9938 HDFE DMEM/FI2 (3:1) wix]o]
10% fetal bovine serum (FBS), 1% penicillin-strepto—
mycing #7}8le] 37C, 5% CO, ZA3to] wjdsix
trypsinization®. 2 Alt) wiEs H 6~10 Af XS A
o] o]&&fr}t. Anti-MMP-1 antibody, anti-mouse IgG
conjugated alkaline phosphatase, phosphatase substrate™
Sigma (MO, USA)ZFE TY3te] Ago] ALEsIHh

2.3. Superoxide Radical &7 &n}
Xanthine/xanthine oxidase ¥F2olA A% superoxide
radical 27 &£ nitroblue tetrazolium (NBT) e
A& EAsFE 18]l 50 mM NaCOs buffer (pH 10.2)
3 mM xanthine, 3 mM EDTA, 072 mM NBT¢
GF-glucang 718 5 25T A 10 mingt ¥H-25tgt). o
Hkg-oe] 025 U/mL xanthine oxidase® 718t 25 C°ﬂ

4 25 min €% ¥-& T superoxide radical A7 &ZHZ

2.4. MMP-1 (Collagenase)
MMP-1 &4 &4 As 4=
TARE ol &t Ay *}%’J} 7];‘
¥A" DQ-collagen, &4 (collagenase)= Molecular Probe
AHEugene, OR, USA)lA A #Z2 AFS AFEstde
o whS k205 M Tris-HCl, 15 M NaCl, 50 mM
CaCl, 2 mM sodium azide, pH 7.6) 100 uLol 0.25 mg/
mL DQ collagen 20 ulL9F A& 40 ul& #H7F8kE 05
unit collagenase 40 pL& H7iatdch da, A&oA 20
min A3 ¥ ¥4 B33 TA(Perkin Elmer, CT, USA)
ol-&3te 9 495 nm, WETF 515 nmE ¥ F
S FAsY, gRToEAN F49 gl BsdFAs
a9t B HUtste]l RRes Ao As AA
PR E A3 E/\ﬂ” AA] BAskd o
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Figure 1. Superoxide radical scavenging activity of GF-
glucan produced by submerged culture of G frondosa
HB0071 and comparison with BHA (50 gg/ml) as a pos-
itive control. The activity indicated by percentage of in-
crease in comparison with that of control. The activity is
significant (p < 0.05) and the values are mean = S.E.

25 ME M=E =X

MTT [3-(45-dimethythiazo2-gl)-2-5-diphenytetrazo-
lium bromide] A %2 Mosmann [19]¢] @< W3 &l
AN AP RO ES 2 X 107 celly/mL FER
9%6-well plated] welll GF-glucang #l%o] A2}
COz W7ol A 24 h wiFstdch MTT £ ug/mL)
< AUkl 4 h & gAEEst A5dE AAST 100
uL acid~isopropanol (0.04 N HCI in isopropanol)& 37}
g & 570 nmellA microplate reader (Model ELX 800,
BIO-TEK instruments, USA)E &F5E =339t}

2.6. UVA ZAF 2 Al29) Xz

AV oAl EE 15 X 10° cells/mLe ¥E& 35 mm
disholl ul<k, <k 80%9] confluencyol T3 wrt=] Wk
gtk UVEAL Aol A& AAS & PBSE A= &}l
Al serumi3ES A7 F 63 Jlem® UVA (UVA
FI5TS8BLB, Sankyo Denki, Japan)®& FAtstgrh UVA
ZAF T g AlE FBSE #UbskA] %22 DMEM/FI2
(3:1) vl GF-glucans A &&to] 24 h wiokstg ),

2.7. MMP-1 2H8Xs] SX(ELISAH)

Afroldl Xl UVAE AL & AEE AHEstq 24 h
Hjkst WS 96 well plated] 2383 4CHA over-
night3}¢] coatingdtith. PBS-T (phosphate buffered
saline + 0.06% Tween 20)Z A& 3t 3% bovine serum
albumin (BSA)/PBSE 37Cel4 90 min7}t blockingdF 3

primary antibodyE 37°ColA 90 minZt #glsith thA
AlA & secondary antibody¢! anti-mouse IgG alkaline
phosphatase conjugate® 37ColA 90 min3t ##gch
PBS-TE A|3 ¥ substrate solutionS %1 Al
% microplate readers AF&3ste] 405 nmell A =
=78kt

oz 2

o oo
)

2.8. RNA 22| % RT-PCR

Total RNASZ2 RNeasy mini kit (Qiagen, Maryland,
Germany)< ©]-€3t%th cDNATA S 1 ug9 total RNA
& oligo (dT)15 primer, ANTP (0.5 uM), 1 unit RNase
inhibitor 223 4 unit Omniscript reverse transcriptase
(Qiagen, Hilden, Germany)®Z 37°ColA 60 min, 93CelA
5 min heating A7 2.2A] BH5-2 FA| A} Polymerase
chain reaction (PCR)< cDNAZYE MMP-1, B-actin
< FZ37] #8tdd 1 uL cDNA, 05 M9 53 3'pri-
mer, 10 X buffer (10 mM Tris-HCI, pH 83, 50 mM K(J,
0.1% Triton X-100), 200 uM dNTP, 25 mM MgCl, 25
unit Tag polymerase (Qiagen, Hilden, Germany)& 431
distilled waterZ AAE 25 yL2 2& S PCRS A4
3k PCREEL 94T 05 min, 50C 05 min, 72T 1
min, 28 cyclesZ WHSA|Z Tl PCRol| ¢lste] AA R ALE
2 15% agarose geldlA] #7)9%ste] MMP-13+ A-
actin +329] LHE image analyzer (BIS303PC, DNR
Imaging Systems Ltd, UK)Z &<lsti e 7} bande
density+= densitometric program (NIH Image software,
Maryland, USA)S ]33tk MMP-19) oligonucleotide
A9L sense oligonucleotide”} 5'-AAAGGGAATAAGT
ACTGGGC-3', antisense oligonucleotide”} 5'-AATTCC
AGGAAAGTCATGTG-3'¢]0, B-actin® oligonucleotide
A8 sense oligonucleotide’} 5'-ATGCAGAAGGAGA
TCACTGC-3', antisense oligonucleotide’} 5'-CTGCGC
AAGTTAGGTTTTGT-3 o]t}
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Figure 2. In vitro MMP-1 (collagenase) inhibition activity
of GF-glucan produced by submerged culture of G. fron-
dosa HB0071 and comparison with 1,10-phenanthroline as
a positive control. The activity indicated by percentage of
increase in comparison with that of control. The activity
is significant (p < 0.05) and the values are mean * SE.

GF-glucan® A% ¢ 02% FxolA A48 superoxide
anion radical& o 55% AATE AR YEht YA
279 3~t-butyl-4-hydroxyanisole (BHA)®t} 943
FArst FAS 7R AL FAH H(Figure 1. HAF
Garsl Ao i A2 SHd 2EHA, =E
A, oA, GAAL ZEAEAL AR Al g
kst g3t e A glow, ojEjd WAe st &
= 34 3HakslAel BHA, dibutylhydroxytoluene (BHT)

Pratg ot st s v 20-22].
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o
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o

3.2. In vitro MMP-1 (Collagenase) X3l &2}

GF-glucan®] MMP-1

1,10-phenanthroline®] 4% <F
AZA 0] Q0% o4& Adlste AR
GF-glucan® A% 02%9 FTodM &
sk Aoz vehl MMP-19)

dgagEets A, #3149 Al 2 5, 2005
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Cell viability (% of control)
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Figure 3. The cytotoxicity of GF-glucan produced by
submerged culture of G frondosa HB0O71. The cell viab-
ility indicated by percentage of increase in comparison with
that of control. The cytotoxicity is significant (p <0.05)
and the values are mean = SE.

4ol As) T3} oAl e,
3.3. MZ=4(Cell Cytotoxicity)

TAA %S S8 A4kd GF-glucan©] AR okl

FoA UEhbs AZEH 5% BAS AT AT F2
Fede A Sistel AESH AES AAHA

GF-glucan® 5% ol&te] sZollA 90% ©]/idel HELAY
4% Ygfo] o] Tk ©l3ty FEE AMEY A, vl
SrAs Aow BlE A Figure 3). GF-glucans 5
ol3te] TR Al AfolA Lo AE] dgge] gle

2 gelEo] o]F Ao Me 5% olste] wEE A
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3.4. UVAZAN 23t MMP-1
(ELISA)

B2 o Awglo] glo] MMP-19 #&-2 x}e]A, mito-
genic growth factor, proinflammatory cytokine §°] #
Ho ZFstin dEA Jon AXU ANEAY FRE
SN A HFA wdde] 2

chs W ofn 2ot

il

Zojdithn A sl olel® UV B 24
so o3 $EHE MMP-1 #R 94 &3 Age
MMP-19] EA849] o AFHe A Bl
= WPEshe e Asd <) fEsE AR A

d

7158 HES Qlo] AA

2o Axe)r|de §A43 2E A4

NE WHoe 2 g th

< =3 Y4" GF-glucanol o3 MMP-
2 493 A7, UVAEZ 63 J/em® 24
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Figure 4. The effect of GF-glucan produced by submerged
culture of G frondosa HB0071 on the production of
MMP-1 by the UV irradiated human dermal fibroblast.
The cells were treated with GF-glucan for 24 h. The re-
sults were expressed as the average of triplicate samples
with SD. p <0056 compared with control (RA: 35 M
retinoic acid).
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ol UVel 93t c-Jun @ulde] 2HdZ718 A8l
MMP-1 #3848 a7/} W %[25] retinoic acid (35
pMET 8 MMP-1 3 A i3E 7is RS
g = AUk T3 olEd ARE in vitro MMP-1
A 4 HrF A3 A GF-glucan®] AHHA oz o4
& AMEEE JMAE Aoz JEuR guAth GF-
glucan Aojde] o8 f=d MMP-1 H84 #3A9
Ltk A2E2 B3 MMP-19] RIS dAst= AHo
2 A7},

3.6, UVAZAlO| 23t MMP-1 mRNA 8 o &
2HRT-PCR)
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o] EAETE FUtEE AEAYHEE 23 MMP-1 @
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191 tHo}o# gl FEoA 3 ggE v
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Figure 5. Effect of GF-glucan produced by submerged
culture of G frondosa HBOO71 on MMP-1 mRNA expres-
sion in human dermal fibroblast irradiated with UVA.
Fibroblast cultures were treated with varying does of
GF-glucan 24 h and compared with culture alone (control).
Total RNA extracted from human dermal fibroblast was
analyzed by RT-PCR (RA: 35 uM retinoic acid).

RT-PCR& o[ &3t H7l3t4it)

A% JAAE wigste] 4 GF-glucang 001
9%65-E] 05% xmﬂ 4% MMP-1 mRNA 2 A8 &
I Al 600%Z, FEIFEHCE MMP-1 mRNA &
o] ?-@L’\OF“OE‘%(Flgure 5), UVl 9Jg c-Jun w¥a e
HHI7HE A stel MMP-1 28 A3 §37) R ug[25)
retinoic acid®] #9-% 35 yMolA UVAE Az 3R
%2 ARt MMP-1 mRNAZo| Zasts= A-g solg
T At A8A 02 GF-glucane A4 Oﬂ 93 §%
d MMP-19] ##¢ @l @ mRNA %
o, 2k X ALl ol&f s
ato] ARz JAH EXNS
solAE Ag ¥Ade 95 JHE Ao E wAgd,
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T
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2= AES] TP A(GF-glucan) 7} AFEdfrobAl E.of
A UVAd] 98] 2do] F7l5s MMP-1 28] u]x)=
WIS GAstAct. 1 A} Al folAl Eo A UVAS]
s ZFo] FrhEE MMP-19 2d8Asad= 05%
GF-glucanol A 544%2 @alg oA 43 da R
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