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Inhibitory Activity of Cellulase by the Bark Proanthocyanidins
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BMEOEERSTHZ /v T 7=V (PAC) 13, MEOBWHEAEICEE LTS LEZ
BRTRY, BAREEME EABEKBEOCRRTR LAY TH S, AFR T, BREOM it o
PAC & vy BB ER U AMEfER TEETH S N7 — Bt S EEERIC VW TR
U7z, Trichoderma reesei AN EN T —PIREEM L BT OERE L EEOKEREED 250
FHETEE Lz, £ ORR. MFECRBWTPAC BEWEEEEE2FETIZ LSRN, ZOMEIZ
PAC DBFE, BRI RF — e KEEETRZLBRENE, EbiT, MABRAMBHETH DA
FY RS B (Tyromyces palustris) DB FP O T —Liex+ 2 MEEEZRE LIER, 7
THOPACINBNT T, reesei (& & OBFVEEBFHZRES W, = FRIOEL T —Eizxt LTI
ERRIFLALE LRV LRTRINE,
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ABSTRACT

Proanthocyanidins (PAC), contained in the bark, are considered to relate the rotting re-
sistance of the bark, and they are paticularly interisting natural organic compounds on the
plant physiological chemistry. In this work, the inhibitory activity of cellulase, which is im-
portant enzyme during wood rotting process, by PAC extracted from several materials is ex-
amined. Inhibitory activity of the cellulase derived from Trichoderma reesei was measured by

the two methods of the quantitative analysis of reducing sugar (RS) and the measurement of
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the viscosity (Mv) of substrate. The high inhibitory activities of PAC were showed in both
methods, and its strength was dependent on the molecular weight and hydroxylation patterns
of PAC. Not so high inhibitory activity to cellulase in the culture of Tyromyces palustris,
having a strong wood rotting ability, was showed by the Mv method. Therefore, it was
presumed that PAC have little or no inhibition ability for end-type cellulase.

Keywords : Proanthocyanidins, Cellulase, Wood rotting fungi, Enzyme inhibition

1.1& L & I

SH, HROLEBEMEL IAVXF —BROMEN L, HFHERORL LEDFIANRS EEh T
SR T T, BEITFERPOEEINBRB L LI EAEBRFATHY, EPET CEMK 560 5 b v
BREFESINTND (10, LHBLRNBRL, BEIZ10%» 58N EDT50% b 0OMHRSEZEFLTNWS D
Eh B, ZhbOEBMIMEEATIREZRR TS 2 LA EOEYFBICORBB LELLND, KK
T ARDO ZRBED TH D2, ZOREFEEDE T a7 by 7= (PAC) Ik, &2y
HRAEERRPERF L — MNEREER & ORFBIEE 28 LT 3. PAC IR I RIICEET D  Z &
b, BEOEWIRBEAEIEE L THWD EEL BN TWAER, FllhBEERIhTnin, 22T,
Bt PAC D@ WEERIAEMESHE (45,1214,1516) SNTWBZ &b, FWFSETix, PAC O#fk4E
HEMICBT 2 M B2 B 57200, AMEAOBR TRELREEZE LS5 — st a8
PAC OEFEMHIZOWTHRE LT,

2. R R F %

2. 1 PACOHH

190 £ RY 7H F<=Y (Larix sp.) O FE KO) BIUWE KD,V =T hY¥7 (Acacia
mearnsit) ORI (A), FIRD & 75 F a (Scinopsis loventzit) DFHHY (Qu), TR OFFhHY Ka) 7
fnda : PANCIL) @ 70% 7 & b vkihti# % Sephadex LH20 4 S A2 u= b 57 4 —i L 0 4Fi
DEERITRoTC, BERETEE /) —VTHERE. RCEREYE AL ) —VTHEHL, E5IL70% 7k
FUAKTEH Lz, A Z 7 —VEHESBIUCT0%7 & b kBEHES 222 ME, AE & Lz,

2. 2 PACOSHF

2. 2. 1 &x#wE (NER)

SMEN T AT v P NVERADICHERS TR I0ngZ# L, FZICERBEE (¥ Ly 7=
J—N BFs7 = /) —/VEE=10:19:3(v/ V) %500 AN, ¥ AT IVEREER LR, BF
BERWTERICEMSE e, AROSHT TIREIRNRE 80°CIe T, BROJHIT T 150CIcTERER
ARFIBUR & 7c, RUGH T HEaFn Ak 50med A - 7 100meZR 7K = — MR NE &2 EERIC AR,
Wefe— 51 15m0C 2 Bl U 7o, BEfE o o VRl NEEREY - % & A T2 (PR )b 3.024mg/
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Ry iml) % 1mdnk, KRR Table 1 Phenyl nucleus composition of several
MU &AL D RS C— ik L7 proanthocyanidins analyzed by NER method.

s (mol %) *
el F VIR D> 5 500 pf B L. N2 - _
A-ring B-ring
T % *k 'ﬁx& N,O'BiS (trlmethylsilyl) Sample Phl. Res. Cat. Pyr.
acetamide [BSA] % 100 pdfinz 1 R A-ME 151 495 22.1 38.1
FRICTTMSIEL, R = 7T AE 113 B 173 356
74— (GLC) ie TER L7z, GLC 247
. _ Qu-ME 53 40.6 64.4 2.0
FIFRMUTIRRLEZLERBY TS, ‘
A4k : YANAGIMOTO G-180; % -AE 33 83 @6 23
2 : Crosslinked methyl! silycone cap- KO-ME 205 0.5 65.0 28
illary column[Quardrex S2006 : 0.25mm AE 234 0.6 703 3.1
¢ X 25m] ; FHIREEE © 130°C ; fRdemmefi] - KILME 213 0.1 70.5 1.0
Imin ; FIEHEE : 3.0°C/ min ; HERE
o R . . -AE 20.5 03 723 1.9
250C ; A v ¥ =2 v a R 1 230°C
X% U7 R Helium3.0kg/cii ; A1 27 * These values are represented by mol % to a unit of flavan-3-ol.
. . 2. vpes Phl.: phloroglucinol Res.: resorcinol
7 w75 A Helium 1.5kg/cnt ; 3 Cat.: catechol Pyr.: pyrogaltol
Helium 1.0kg/cf, Hydrogen 0.5kg/cnt Sample name: refer to Experimental section.

Air @ 0.5kg/cnf s BaHIS%  FID

2. 2. 2 SLEEIORMNITT4— (GPC)

BEHY ImeZ B LT bS5 Fu oSy (THF) M1 micEfsE, YY) o7 vF—THRL,
FD 5 HLOK 100 pt % THF ZIAEEK & LT GPC 2 27 W FRSM 25, BERYESSFRIT,
phenol, (+ ) - catechin, procyanidin dimer, polystyrene (Mw = 2200, 9000, 25000) % Fv\TERL
L 7z #ih & JASCO 807-IT Integrator 2 & ¥ 33 LB Uiz, GPC BT HRMHFIFUTIZR L &R
D THD, A4 JASCOTRIROTAR ; 5 A : Shodex KF-802, KF-804[10mm ¢ X 250mm] ; ¥EBER
THF ; J# : 1m¢/ min ; R © UV 280nm ; & 5 AREE : 25°C

2. 3 wLS—EHEERERR

2. 3. 1 &ExuiRie (RS) &

N5 —B 1Ak (Worthington biochemical ) ® Trichoderma reesei BEOW % AV NIz, 0.1%
S — PR (pH5.0) 100 wlic FTERE D PAC50% 7 & b v 7KER#K 100 s &0z, 40°CT 30
SEEET 5, 0.1% I AREL 2F LR —RZ (CMC) AEH#KEZ 1mbFML, X 512 40°CT 30 43
B, 100°CC 3 SRIME L TRE2E 1L X8, RNRE RO TR ZRE Lck, 1 %O
SRV % 100 N X REGD PAC 2ILB S ¥, K<HRLEERLSME2IT2VWLEBSE 0.45umD Y
VYT 4 NE—THB Uictk, V= b et ) FOLER (DNS) ¥ (1D) I & 0 iR @iz 7/ )V = —
AEFACTREGRSOEM L, BERLRDE. 757 RRIE, BEESERV50%T 1 b kAR
100 p 20N % 7z ASME ERROF I - T, HERIIRAC IV EH L,

PHEER (%) =(a—b) X 100 /a, a:7Ivr7RRICBITIERETHER b Fr7ARRICRB
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VT B ERE TR
Tz, BEPACBELHEEROMEEZ ey ML, ICso (FBER 50%IZHY T 518 % PAC OBE)
PEH LUz,

2. 3. 2 ¥EAE (Mv) &

0.0025% &)V 5 —EEFERIRE A (DH = 5.0)400 uiZ FTEMRBE DMK PAC50% 7 b L 7kE#K % 400
wEML, 40°C T30 HMEET 2. 1.0% NV REI A F v —2 (CMC) KEKE 4miFsimL,
S 5T 40°CT 30 A HER%. 100C T3 SN L TREE2ELXYT, KinEL 20mic BARIRIEL,
7 n—FHEEEE No.1 2 VT Z OBED 25 + 0.05C T TR (B) 281E Ui, i FER2 5,
KRN HEVFEBE P S FREBERP A L. 77 v 7R, BB 2 &£ 50%7 & b L/kEK
400 pd Z Mz Tz LR DO F BTt~ T2,
nsp = (t —t0) / to, nsp: KGR, t: Vo IARRICBITIH TR (B), to: 75 v RBicRIT
L TR ()

[n] =lim (nsp/C) [n]:EHHE C: HEEME 0.05, 0.1, 0.2%)
[n] =KX Mv), Mv: $EREHSFE, K=0.100 X 107°%m/g), a=1.40(3)
PRERIE, RGP CHEESHEEINEEREOEATRL, o UDRDbNERR L EESTF
BEOETOMFRRS My &b LIRS b 23R 7z,
ER=(a—Db) X100 “a, a:BERAME (#0), b IEMERREEESRR (W)
Flo, WERY 7z —NVORELHEROEFRE 72y ML, Mv BIZRIT S [CofE bR,

2. 4 pglucosidaselfEiEME D RIE

0.01% B-glucosidase(SIGMA CHEMICAL $¢ ) 7k¥Aig 500 g & 0. 1M BRI (pH5.0) 1 mDES
TICETEBBEIC IR U722 PACS0% 7 & b 7KK 200 w2 #shn L. 40°C T 30 4 RiR%E 5 5. 0.01
M p-nitrophenyl-8-D-glucopyranoside (PNPG) (SIGMA CHEMICAL CO. ) /k¥&i& 750 pb %M
L. &56{240°CT 30 iRE%. 100°CT 3 MMM LS ZEES YD, NEEFEEME L L T8mg/
meDAR=Y VEED R F ) — VISR 100 )2 M A, 2R I0miCRET D, Z ORIGEKE HPLC iz X b
5347 L. 4RK L7z p-nitrophenol (PNP) #E&T 5, 77 7 BB, B2 EERVW50% 7 bk
VR 200 pb 2N X e LIS LR O F B o7z, BRI TR > THEH L,

HER (%) =(@—Db) X100 "a, a:7J7v7RRICBITBERPNP &, b: VI FARRICET
%458 PNP #& ,

F7z, B PAC OWBELIEEROBGEE 7y L, ICs0fE bRz, HPLC OB EFIZLTIZR
LiceBYTHS, :

A BARSGIE800 2V —X 5 BT A Develosil ODS-HGS, 4.6mm¢ X 250mm ; #H#EF 1 UV280nm ; 3
0 1m8/ min ; BEEIE : MeOH : 0.01%TFA aq. =10 : 90~60 : 40 (HBZ7 7= b 30 &)

2. 5 FFAVXI R rEEINEBEEORS

A7 XZ H4%& Potato Dextrose Agar (PDA) &Dlﬁ%i%ﬂﬁ_t’ﬁ‘-—ﬁfmﬁﬁﬁf‘%% L. EE L 045 (20)
[ci-3% CMC 2ME—DRFR & Uil icBiig, n—4 ) —v = —2F — LT 30CI T—EMIR
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BiEa U, B T %, BRA R OOM L THEZLRERE L, LEAREZSFIA X 1K OIEE
(FILTRON #¢ MINI ULTRASETTE OMEGA MEMBRANE) % iV /< [RAMEEIC & 0 HEBERE &
PR U7, MEESRIRIZ, LR Mv ERIC THEFREZRIE L.

3. R & E R
3. 1 HIEPACOLSHE

FHX Tz PAC O5Fikk GPC
R T AR (2 & b 4T LIS, Fig. L IKR L
728 51z Ka-AE OB SO+
23 15000 & IER TR E WHFET
Hole, THE, KFORARICH
Bl AE R CERANAETE N TAT

ME B R LA PAC BRIGL, £F 8
BB LIz THAH L
5 (8. B PAC OHA Qu 2k
W AE B[4 D43 -F bk 4300 ~
4800, ME B4 1400 ~ 1600 D
T i HPzdH v, Zhid flavan-3-ol 1
10000 15000 BALOSTFRE 20 (T F) &
T35 & ME B2 T5~6 8
3 LUV AE B 16 ~ 16 ik
Fig. 1  Molecular weight of proanthocyanidins MBS T EFHERE NS, Fi
from several sources FR 60 flavan-3-ol ‘BHICRIT S
BRI/ F — DV TER R
(D& Vo Uiz, BA#k,
Z7 VLR EOFAETCREO 7 2/ — e PACO ARBIUBREMRT 5 7 = = /VIENERK
SRR LT 5 7 = SR ERT 5 2 & T PAC 2HET 5 7 = = VOB L R 2R
B LBHEDFETHD FOFR, Tablel IARUIARIZ KO, KIFABRPLZwa 7y ) —/uhs,
BB»5I T a— V3T L T3 Z &5 procyanidin(PC) # A 725825 PAC THDHZ L33H|5,
ARG, VAT )=, hTFa—i, Cala—)RFEE UTEREL T Y, prorobinetinidin(PR)
& profisetinidin(PF) # A 7 b5 Z L B3 FREND . EBIZ, A ILgENh5 PAC 2 ~ 3 &{E&D NMR
AT B, A DBEBAIZFEIZPR L PELLRDZEBHLNLR->TNS (219, £, QuidEi
PF %4 7O PAC THDZ L2345,

Weight average molecular weight (Mw)
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3. 2 Trichoderma reeseifisEd L5 — =54 ZPACHOREVER

PAC DR SEIZ L DA77 —YHERLZOD ICo DEE Fig.2 15577 . PAC IRREEENICEL S —
EOEMEEZEET S Z LARD LN, ZRODOMEEEIIMBIC LI VELTHY, ¥, IV,
ThYT, ODIETHERPEL, A ¥/ —VEHEFOLDO LD 0% 7 & b VKEHES O b ORE
BEEEEZR L, 22 TREBELTHRWE, 7 5F a i3S EIT- I BE TIEER 0% %25R &3,
O & v = A R T — P IREREIIE» o Tz, A ¥ ) —NBEHES L 0% 7 & b UkBHEK
L DBNIETRARZE S ICEZZOHFRTH D Z L5, PAC OHF & L IBEEMOHM S T4
Shiz, 22T, WE L2 PAC DERFHSTFREL ICs0i% 7ay MLk Z 5, Fig3llRLiLd
2RI R o, PAC OB FEBHEMT BTV BEEREMS T 3 2 L85, Eiz, h I~
NZBWTHEERD PAC £ 0 b3 FRBKEWIEBEEOF BEWEEREZ R EAC D o 1o, —
T, S RICTFEE T D PAC DF BB EOZIC AR, REWSFREF I LBMbhTN3Z L
D (17), BEARR, BT —BiekhT B REEOIRVE 2 IMUOBEICED . T OB RH LT
NWLDTRBWPLEBREND. E7c, B PAC R T OETEME L LT VRV BREEREE TS
TEB—RICBDONTEY, ZORANIDTFRIEEFT D L INTWS (7). SERIE S NI ERE
PR ER 2R3 L6 i PAC DL 5 —RIREEMILY V8 BERICEEL D LEX
bid, EHIC. 2 b PAC OfFfF>LEREE L BHEEEOBRICOWTERT S L, e ViDL
—a2=y MY DT = ) —NVHEKREBBEE SR L EV Ka-AE (9 THEEEREL., PF 44 71 b
V—az=y MERY DT = ) —NEKBRER O b D72 Qu-ME THEEMEMES o 72, E iz, RO
T x ) — KRR RS LTS FOBEL T — e & W EERIENR ON.PC #4 7 KO,
KI TEVBERBRE SN, PAC & ¥ vy BORFEERIX PAC O 7 = ) —)UHKEtE L & 2050
BOB—TV =V —FEDF b—A I FELOABREEBERLR-TVDELEEZLNTRY (6. Z
DIRBREEESI 2 PAC OBRFALNT — 0 LERCBR L TH DO TRV L FHREND,

Mv #Bi2 &% PAC OV —¥HEREORKREZ Figd IR Lz, MvETIR, 222 b r—izkn
THM U T BER B CHEHE CMC 7K & RIS EL R TIE EMASMEZII TN Z L 2R E L
T, BEMFE T COMERTRPOHEREZFEH LT3, TORKE RS ik ERBRICEERR LN, #iC
AE ES @ WEEESEEZ R Lz, LM LRB S, ME B2 CRERFEIC LB EEREOERR L.,
A-ME TR RS HETHONRERICEANTENEER TH o 7c, Mv I5TiL, #ETH 5 CMC 0ESF
EREL Y RESEBESNDIEDIZ, = RV T —POESEZELE LTRIEL, —F RSETIZL VK
BFOBTHENRUEEINDZ LIZEY, =XV ERELS—FPOEEEZRIELTHE LEZ LNBDT,
SEANWCRBHCE LT FROBEW AE BB XN T~ O ME #E45% 0 PAC X, T, reesei B3
DEN T —BRERBNTxF YRy FEIOREN T — YRS 2 HE LY, A-ME BSRMEDOEL
7 —EHAICH L TOHRBEEREZE LTS L FRshk.

PAC @ B-glucosidase iZxt3 2 REEM: % Figs TR 7. B-glucosidase BEZEHIC3H 5 conduritol-
B-epoxide (C-B-E) iZIEEICEWEERMEE R LR, Bz PAC WY 50%REDRERZ R
FTIILE o T, KISRIZBAWT, & PAC & B8-glucosidase DAY & Bbh 3 AALEBAEIEIN
ZH B bRV ER LIRERNI b BE PAC i% B-glucosidase IZ%f L Cid£< PR EHE
EMERERNVWI LRTFRTE S,
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Symbols Polyphenol ICse *(ug/ml) ICs0*(uM)

R et Ka-AE
—— KO-AE
—a KI-AE
g KO-ME
e KI-ME

ey A-ME

30
113
144
228
246
363

2.0
23.5
30.0

142.5
153.8
242.6

Polyphenol conc. (ug/mi)

*polyphenol concentration giving 50% inhibition

Fig.2 Imhibitory effects of natural polyphenols
on cellulase determined by the RS method

Note ; inhibition rate = (a-b)* 100/a

a: (the amount of reducing sugars in blank)
b: (the amount of reducing sugars in sample)

1000
®

750 -~
£ 500
=
I
O
yoor

250 4 A

o
0 T x |
0 5000 16000 15000

Molecular weight (M;;}

© ¢ O =

¢ H D

Ka-AE
KO-AE
KI-AE
KO-ME
KI-ME
A-ME

Qu-ME

Fig. 3 Relationship between molecular weight and the ICso0 value
of proanthocyanidins estimated by the RS method
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Inhibition rate (%)
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Symbols Polyphenols ICs0 *(pg/ml) 1Cse *( M)
100 - —_— Ka-AE 1.62 0.11
——— KO-AE 5.16 1.08
™ —&—  KOME 14.50 9.06
% —t— KI-ME 36.47 22.80
e A-ME >100 >100
25 AP —@—  (-catechin  >100 >100
0 *polyphenol concentration giving 50% inhibition
0 20 40 60 80
Polyphenol conc. (ug/ml)
Fig. 4 Inhibitory effects of natural polyphenols
on cellulase determined by the Mv method
100
Symbols Polyphenols ICs50%(pg/ml) ICs0*(uM)
S—— —_— Ka-AE 1604 107
8 —e—  KO-AE 1150 240
*g —®—  KI-AE 707 147
g 50 —@—  KO-ME 480 300
Zj..-'; S — KI-ME 273 171
£ ——— A-ME 625 417
= 25
—O—  Qu-ME 885 590
—— C-B-E 51 315
ot ——  (+)-catechin 4257 >10000
i i T 1
0 200 460 660 800 * polyphenol concentration giving 50% inhibition
Polyphenol conc. ( p g/ml) C-8-E: conduritol-f-epoxide

Fig. 5 Inhibitory effects of proanthocyanidins on p-glucosidase
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2

~3
wn
1

i  KO-ME

—&——  A-ME

—&— KO-AE

Inhibition rate (%)
B 1243
un (=]
{ 1

Polyphenol conc. (xg/ml)

Fig. 6 Inhibitory effects of proanthocyanidins
on cellulase from 7.palustris

3. 3 Tyromyces palustrisEiSED L5 —HE 2T 5 KPACOEEEM

T palustris OO CMC MK TICR 2 PAC OEEHES My iz X b JIE L. #ER% Figb
iR Lz, SFEOEW AE BHZRBNT S Treesei BEDEN T —BIZt$ 2 & 5 2EmWHEERRIE
ENP. T.palustris BEDENT—Biext UTHE PAC ZIFE L A CHEEMZRERNZ LR FHRE
hie, ZOFEREE LT, @ Treesei BRDEN S —BRRF Y IviF—¥EEFEL, =0 FIB X
U* B-glucosidase DIFFE LB BN TWBH (19 BEEIHEICB TS Tpalustrisidx Y I NAF—
PERNTNWDZ LB—RERBOLNTNWS (18) T &5 PACIEH= XY Z Vb —Eicxt U TIRIEE
ERZRTHE, =V RV~ LTI EZDERERERVWEEZOND, ORI TIC
FHET DN TP D F 7 H L PAC DREAPFRNDITEAN T —E L DMEERABED LT
OTEARVWr L FREIND,

4. ¥

Ul$

%58 PAC ® T.reesei BRDEN T —FIZutT B HEEMEE R S My B L o TRIE L 2. £DOF
B BN TFREH S AEESBLUS T+ Y ME BISIEmEFHEC B TEWEEBEESED bhic s,
A-ME Ei53 1% RS 0 A THEFEMRED ORI L LY A-ME B O PAC =% VL7 —Eitkt
LTEENZBERESF L TCWA L E L b, Rz, HEEMEIE PAC O4FRESENT D ICEVK
E<RY, BFEAT—UELBELBERLTWE, El, B-glucosidase (%3 5 REHEMEIISR ERD
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bhighroTz,

BVKMIEFRERE T2 T.palustris DHBERERP O 5 — BT SREEEEZM v I I > T
BURE LT, Toreesei DENVT—EIIx L TH DN L 5 REVIEERITRE SR o, £DREA
& LT, Tpalustris DENT—PIZH L THE PAC BHEREEZ2H L TWeWnWZ & & HESRERS
BN —BLUNDE R BRERECFET BTl EN T —E LHEERT 5 PAC &F23472<
Y. FOREE, #E PAC PEREHEEETIEEDEREEX bR EBEZL DR, L
723 o T, T.palustris DN T —PRENZ FARICT S 00id, MEREE» LN T — RS LR
B, HIVITHAETILERD D EBDhD,

51 B X
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