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Abstract

The prickly fruit of Opuntia ficus—indica cultivated in JeJu Island is rich
with high molecular weight mucilage, which has high viscosity and hinders
its use in food industry. A fungus that produced the mucilage—degrading

enzyme was isolated and identified in this study.

From prickly pears viscous mucilage was extracted and purified.
Carbohydrates were detected in the mucilage preparations by the Molisch
method and its total sugar concentration by the phenol-sulfuric acid
method using maltose as a standard was 64.85 mg/mL in 0.5% aqueous
solution. Ninhydrin—-positive reaction was observed in 0.5% aqueous
mucilage solution and our results showed that the mucilage preparations

have amino acids or peptides.

Many strains of fungi isolated from soil were grown on M9 medium
containing congo red using the mucilage as the sole carbon source and
the fungus with the best decolorizing ability of congo red was selected.
Its pure culture was obtained through repeated subculturing on M9
medium containing the mucilage as the sole carbon source and symbol Bx
was assigned to the purified fungal strain. Crude enzyme was prepared

from culture filtrate of the fungus Bx.

To confirm the fungal enzymatic degradation of the mucilage, analysis
by TLC, HPLC and liquid gel permeation chromatography were carried
out. The degradation products at Rr 0.19 was observed by TLC of
solution after incubation of the mucilage with fungal crude enzyme. All

mucilage solution, fungal enzyme preparation and solution after incubation
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of the mucilage with heat-inactivated crude enzyme showed no
degradation product. The spot at Rr 0.19 clearly showed that mucilage
was degraded by the fungal enzyme. When the degradation products were
tested for its coloring reaction with ninhydrin or phenol-sulfuric acid as a
spry reagent, only phenol sulfuric acid made brown color development.
This coloring reaction suggested the presence of carbohydrates without
amino acids or peptides within degradation products of the mucilage.

Analysis by HPLC of the mucilage after incubation with fungal crude
enzyme showed that high molecular weight fractions(molecular weight
9x10°% shifted to low molecular weight fractions(less than molecular
weight 1x10").

Analysis by gel permeation chromatography on Sephadex G-100 also
showed molecular weight decreased of the mucilage resulting from
incubation with fungal culture filtrate.

These results showed that high molecular weight mucilage fractions

were degraded by the crude enzyme from the fungus Bx.

To test whether the crude enzyme from the fungus Bx influences on
antioxidative activity of prickly pear, total polyphenol contents, flavonoide
contents, DPPH radical scavenging activity, hydroxy radical scavenging
activity, hydrogen peroxide scavenging activity, ACE inhibition activity
were investigated. Both contents of polyphenol and flavonoid in prickly
pear extract after incubation with fungal crude enzyme were higher than
those without incubation with fungal crude enzyme. Both hydrogen
peroxide scavenging activity and ACE inhibition activity of the extract

increased through preincubation of prickly pear with the crude enzyme.

Fungus Bx on microscope(<X400) was filamentous and had fusiform

spore. The spores of fungus Bx were scattered or gregarious, with two

- X -



or more apical appendages and consisted of 2-several layers of brown.
The ITS regions of 5.8S rDNA sequences from the isolate fungus Bx
showed higher similarity than 99% to those of Pestalotiopsis aquatica.
This could be the first report concerning the isolate and identification of
a microorganism degrading high molecular weight mucilage from prickly

fruit of O. ficus—indica.
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Zo HgHo] ot ERE QY FeH v©stE} vEM

Ao = o]gHo] gtom Aaual MRS A e A o2 =7
M AEeRAe ZHAE AR lo] AuirE ARE AL v Opuntiasy 7d
Al s, A, ob=AEY, =M= F A

A A E st Jo(1). Opuntiagy X172 7FA] &= Wl (prickly pears) &
=%(nopal) To®  EZE  Platyopuntia®t  ZZH(cholla)gl  EIF &
Cylindropuntia®] + I 929, O. compressa, O. arenaria, O. fragilis,
O. ficus—indica, O. streptacantha, O. leucotricha &< X3$Ist+= 3000]%F o]
£utd A (Opuntia ficus—indica var. saboten)< Platyopuntia “1&o] &
&t LY prickly pearsl dkar, thdAl A== HAA7E kAo, -2yl
o= oF 200d Aol Eolok AFE dRvSH vite @E W AR A4
BHE A AFE AW 7]dE A 3552 AAHEH] vt dAle= €HA
IS TAHCE =AM AQujEa o, duj= Al Rgow e = )
I oY HAEI ANA ALERE st JThE,4). Exke A (olst A
Agolgt AghHe AlFIeolA 2HE A7t of g HubAj e 2 zety o
el &gk vlairt AL flo] ek MRS ARESHA ot A AT Tt
H FE7|3re] dol mE o] AkE o] BpAtEa Aol A& A=oltkb). AT
Lol A M AAXQA HFHoz Auidt AL 1991 %o, 7] 145 2
= 914 uo] 1998 el AuH Aol 322.8 ha(AAte 1,884.5%)71% Z7}8)
19999 (AT 2,325%) HYrtor shA o] FHetghe] uht F7hARA
Aoz 2000d= WAl 199.7 ha(BAHF 2,9958)2 F43] a3tk
gy Ak Aolte]l A Eo] Hog 2lste] 2003 A4 4,000% (A
EA 199 ha)& A Ao dddnh. dA AAF-E 4,000 A4k 5

AL AR A Al FaEel Wl ek BA ol rhAe] WAl g4 A,

¥2
o



A& Auf(prickly pear): 14.5%9 18 E =S 71431 9o, 0.21%Y

Sl A (NX6.25), 0.12%2 AW, 0.02%2] 2A%, 0.44%<2 3%, 0.19%<]
pectin 2|3l "] HIEH At C o]9]o= o2 T/ F71d 55 F33
Aokal SFATHL). FdlE FF= Ao A5 1.47%, €71 1.86-1.85%, 2
3.4-4.9% FFFo] i, AN N F8 Bl sucroseZ A F2 T
83.2%% AA|st o, =7]+= fructose, sucrose, glucose® HAAe] 40.8%,
31.8%, 25.7%°]31 FA yFFe FA#<Sl mannoses 180 mg%z HA| F7
o] 1.7%E AR drje] A$ F2 #zdS sucrose, fructose,
glucose® 717 68.7, 18.0, 12.8%% A on, HATFFo| F4&
mannoset™ ¢ 208 mghzE A FEEe 0.5%= AAsActa B HIo

(9,10). AJF FHE2 7HAd FAAa=olal, FF7E qF2 A9 &7

al

F

%

ne

’

wje} A 7F 247y 9,400.8, 6,151.2¢9F 1,096.8 mg%elal 8 F718& Cu, P

go|H, FQ Frgloln|=Ato] dnjjoli= tyrosine, proline, arginine®], &7]d+=
glycine¥} arginine©] 18]al FX}oll= d3toln|2bo] FH3}S] methionine ¥}
cystine FAO/WHO dAX=<9] 2¥|E &-7/3}3 3L glutamic acid®} arginine©]
=0 Atkal Bal HATH9,11).

Opuntia%s AA% Fx= FX 29 87.0%7F /4R Ao, X FAN= =
A 4dol 52.9%7F BAAIN AAAo|Aa FAeE HE Fol= linoleic acid,

palmitic acid, oleic acid =22 A|WAbo] df-wo] A3l linoleic acid $H=F
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& T0%°1d o2 XA ot B Opuntia®s A4S HEY E

¢

2} sterole] £& F9Yo] HM B-sitosterol, campesterol®] T8 sterole] YL,
a-tocopherole] HEF E 9 80%= AFA|3tttar Ha HATH11,12).

O. ficus—indica®] A& E<L arbinose, rhamnose, galactose, xylose® ©]%F
o °F 55709 & VIE e SA4 oEREa s3lan(13), Hd4d=Eo]

L-arabinose, D-xylose, D-galactose, L-rhamnose, D-galacturonic acid&

747} 44.04, 22.13, 20.43, 7.02, 6.38(wt%) Frstal Ae T4 =57, 9
WA ARY el EIEoln FoFE arabinosediE® B HYth
(14,15)

Ao Aol M MA= betalainel® YA dEd|, betalaine2 T2
A A beete} prickly pear®] %, @], 9lo U= AFES Mo s, HA
A0 A9l betalaine= A A19] betacyanined} 9] betaxanthinelZ &5
ot HA beetol]l $F4¥ betacyanine?] 75-95%% A Sl= betanine?] &4

< pH 3.0% pH 7.0Akelell A A a1, A& 342 537-538 nmel™, pH
3olstoll M= HepdS wa, o F5ade] dapgeow ojFdra Hil 4
ATH16).

Opuntia%s A% AE © =2+ anhalinin, mescaline, indicaxathin, isobetatin,
betatin, saponin, galactin ¥ alkaloid 5°¢] X3l % %131(17), flavonoidAl 3+
© 2 isorhamnetin, quercetin, kaempferol o] H i =% om(18), A%
Aufol A 29 dihydroflavonol A%<l  (+)-trans—dihydrokaempferol®}
(+)-trans—dihydroquercetin®] H.iL ¥ ITH(19). A1 Zell+= isorhamnetin©]
AeolFx A Eo+=  flavonol  3-O-glycosides(quercetin,  kaempferol,
isorhamnetin), dihydroflavonols, flavonones, flavanonols®] %o Qlthal
Bl HJT(20-24). T3k QA ol+= quercetin, kaempferol, isorhamnetin,
ascorbic acid, carotenoid®] @itstEo] EAjste] kst ddo] 9lgo] Hal
& ATH25).

Super A F9E Aerls Aol st duiet =] Fele d3ddst

&

A W ARG dom, dufjs nxGFd aAela, &7 o ¥
2% &3, Fd=aIH) gL Aow dEA ey ol IAEZAR gt
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I. d7A}

L &vtg AR Enl JAE

Ae1x HAEL  arabinose, galactose, galacturonic acid, rhamnose,
xylose ¢ @97 30,00070= o]FofA U= Aol Afie dFow =3
trolth(14, 33-36). AdE 74T FEWHA wet g@dbA  galactose,
rhamnose, arabinose, xylose® ©]5Fo]4& < AU(37), galactose, rhamnose,
arabinose, uronic acid® TAHo] JYvtar B FJArF.(38,39). EI HAEL
arabinose 24.6-42.0%, galactose 21.0-40.1%, galacturonic acid 8.0-12.7%,
rhamnose 7.0-13.1%, xylose 22.0-22.2%= A% vt B FHJo
(40,41). A& = AHAF HAEES FALS L-arabinose, D-galactose,
D-xylose, 19.4%<] uronic acidZ ©o]Fo]#A 9la1(42) A1 dv] HAE 9]
GLCEAM AT 23.4%9 galacturonic acid®} arabinose, rhamnose, xylose,
galactoseZ} ZFZF 1.0:1.7:2.5:4.12 35 o] dutar a1 31(43), duj A&l A
83 A7 Eo= galacturonic acid(64%)2] ko] @Wokthar Hal T ATH(44).

AAE9] BAS Cardenas 5(45)2 3x10° Trachtenberg®t Mayer(40)=
4.3%x10°% Trachtenberg® Mayer(35)= 1.56x10%]%31, Medina-Torres %
(15)e] o) Fel¥ FAELS 23x10'07 Histe], F= 2 @i o 2
Aol zpol& HEFHATHTable 1).



Table 1. Molecular weight, sugar and uronic acid composition of Opuntia

mucilage
. Uronic Galactose
Author MW Galactose Rhamnose Arabinose Xylose . .
acid /Arbinose

Paulsen and Lund(14) + + + + + 2.3/3
McGarvie and Parolis

+ + + 1.5/3
(33)
McGarvie and Parolis

+ + + + +
(34)
Trachtenberg and 6

1.56%10

Mayer(35)
Saag et al.(36) + + + + + 3.5/3
Goycoolea et al.(37) + + + + 2/3
S4enz and Sepulveda

+ + + +
(38)
Saenz et al.(39) + + + +
Trachtenberg and 6

4.3%X10 + + + + + 4.9/3

Mayer(40)
Nobel et al. (41) + + + + +
Majdoub et al. (42) + + + + 3/1
Mastuhiro et al.(43) + + + + +

Céardonas et al.(45)  3%x10°

i

g AAme $AL we vy

F %% a-D-galacturonic acid’} B
-L-rhamnose®l] 1—-2Z%t%E ZZ0| X3A A L-arabinose®} D-xyloseES
Alsl= galactose A2FFY C-4of] 1-44¢gow EAFZRE 7FA 3L dvfar H

3 H A THFig. 1)(33). 2831 Mol FHo+= 7|2 A a-1—5-L-arabinan¥}

»

B-1—4-galactan® 7}A|+= a-D-galacturonic acidel 1—4 ZAg3 «
-L-rhamnose® =AFx5 Zt< 94 Odd/F7F o] i HIA46). A

o1z duf Fx} dZy] FEFEAE hemicellulosed] THEH7F 259 xylanl

p

.



2 B 59ded, dhvE fucosylglucuronoxylan® 2 xylopyranosyl”] €] O-29F
0-39] a-ZA3%%E 4-O-methyl-a-D-glucopyranosyluronic acid®} fucopyrano

247 (1—-4)-B-D-xylopyranosyl7] = o] i, t}
E slye 5o &84 xylane® FHif44e] (1—4)-B-D-xylopyranosyl7] =
ojFolx kil Hi EHJTH46). Xylan D-xylose®} 4-O-methyl-a
-D-GIcA¢] H|7

N
o B84 AL xylosed o] 18-65%= Brli Bl HATH47).

-

11:1o]4 65:1%2 vshd] =842 A2 xylosestso] A1,

-(D-Gal-a-(1—-2)-L-Rha-B-(1—4))n-
4
1

B
Gal 3< R

R —4 Gal 3 «

al 3 <R

FU—)chj'mv—‘—)O'ﬁw'mv—‘—)O'ﬁ

R = Arabinose or Xylose

Fig. 1. Proposed partial structure for the Opuntia ficus—indica mucilage.



gebd Ca® 7t EAstdE A
B3 HJH51). k-carageen
—an/mucilage gum(£vte Aol 80/20 £ &ELS A ZEv) Folx|a, HA

B 571 S7HEeE AP E(strain) Y 5 (stress) S7bska, g HEE

'
o,
o3
ft)
i)
o
Lo
i
ot
oX,
olr
rlo
o]
)
o
O
Q
v
=2
R 2
P

o] wtal AL, Ca’ 7} glod o] ALKITka

(rupture strain)< 74ste] JAE9 Fiol mel #d&=2X EAo] defxivta
sl tH52,53). AdE &AL vlwd FAY 55 Z2Ha, pH7ZF AHdelA &
Zald oz WEaSLE Ayt Zr71egla, A S#(shear stress)o] AT of
AAE 57t 715 &9 #Aasgith 3%0lste] 32 HAEE sXolA
= H< &9 Zokoy F=7F FUREel wel oFgk gel &N %A

polyisobutylene®} 72 HeHdS YeUthar soth(54).

& AstASE A3 HAFAR ALEH
A d=dl, 53 == Askek=d Slo] aluminum sulfate$} W23 Fd= uhEL
W™, COD(Chemical Oxygen Demand)E #FAAl7]al, Fe, Al, Mn¥ 2 %
I EdA U= o]FHE TAaAXITA Ha FHJATH5ES).

A

A AATE w9

K
i
i
=
2
>

Ly Al duf A2l betalaine flavan—3,4-diol®] anthocyanidin &=
A3tE %] ka1 A Aol betacyanine®} 32 9] betaxanthinel @ AA &L, &
Ao AAE FRole MAazEA Wit AkAol EAste] gy fAoM = ol
A, SHAJEf A o] MAE= pHoll whef ol e Solom EA%
t}(56). Betacyanine< 75-95%%] betanine¥® 19 X<l isobetanine,

phyllocactine, isophyllocactine®. & A% o] 9131(57), betanine2 pH, &%,



0
A Qb Aol Frhste] wbgkrIvE 4vlE2 STkl g =t gaddd et QF
Aol F7Ved a(59), FEEXH =W’ 0
7Y B FATH60). 27 &= 7 9AM betanineS pH 4-594 A

A QHEA el M Eou, A e AEolA= pH 3-7 BE Gl <t

A 7HE A Elar, e R s g4 WAHd e, T0T7HA EA A
A ot A] @ EAdo] A ET B HTH49). Betacyanine< 536-538
nmel| A Hd FFEE JERAIL 90T EA2 Azte] ARE+E Hd&

2 olssilon, dAYA =57kl wel wh3rvF 2
A3te] dotA Aol 7453 o, propyl gallate, L-cysteine, ascorbic acid A
WA F=7F S7hgH] wet dAksta T Sobet Al B HE(E). A 4
o AAE 50Tolstell = A FgA ol Aoy 70T ol el Aol
A8tE 3L, Fe, Ca, Sn °]< ZZ} 100 ppm #7}ste] pH 52 ZAHsa 4
I AFAR ARS s A3 Ca¥t Sne ofFd WETE gIAIRF Feol22 A
SFAAS A3 A ZH T el A1 Ao 100 ppm, 500 ppm®] phosphoric
acid, citric acid, ascorbic acidE& #H7}sto] 4573k A AlES g AR
citric acid®} ascorbic acid #H7}o A= Aol W7 Il S Y phosphoric
acid= 100 ppmelA 35 F-o MA FAALS A AshA T BHi w3

(62). =)y sulfur’]|E SH3sHA &= 34EeAl= betanine A4 <A A9

IS

AekS v R A ko ascorbic acid®} isoascorbic acid¥ betanine®| AF3}
oFg Ao @i}Aolu}, ascorbic acidy} isoascorbic acid®] zFol+= A9 (It}
w3k citric acid®} ascorbic acidE &3 AFE3FRS w9 %= ascorbic acid®] ©

% ALESE Wsh wimete] Absk ebgAel Aozt Gislvka ma HUH6).
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714t = lactic acid(100 ppm), acetic acid(5.9%)% betanine Fg7del] a3}
7F 99l F£0le F Cu” 7t Fe’ Bt} betanine EaE 7HESA 7 o,
citric acid(10,000 ppm)¢} EDTA(10,000 ppm)= WH7]1E 1.58] F7FA1A
betaninetd Aol &7} Yot B = YrHE4).

Enlg M FEE2 Pseudomonas aeruginosa, Streptococcus mutans,
Escherichia coli, Salmonella enteritidis, Bacillus subtilis, Escherichia coli
0-157 #FE° dste] FadAE EHJL, FhFAdsE HEUISH,
linoleic acidell thgh AtstdAd-e Yetlvtar Bal HQIvk65). A Gl
OMME FEEI FEEEE FEFE°| E. coli, Staphylococcus aureus®| 3l
FaaIHE HEHAL66), ol T, Hea FEE0] dAts 43 g ol

retH, g AR maHola & £8= Fol=  ethyl

i

acetate 8ol g¥7} 7H4 Ava B3 FHJATH25). £&wpEs A9l
f FEEYEC] FHaRrt "oy 7Y BEAQ sodium benzoate®E Ut 3
FEII} ol AAREAEA ] ol&rls Aol HuEQI(67), & &Hlg Mo
F daEES FAEAAA i a3E Yehdta Ba HYo68). ddx A

A (Opuntia humifusa)®] ethyl acetate FEEL HIA A=E n|AAEQ]

o

=]
& b T

Escherichia coli, Bacillus subtilis, Staphylococcus aureus, Salmonella
typhimurium, Pseudomonas fluorescens®| %2 benzoic acidXdt} €53+
staadsE Yetdoa B H93(69), XA (Opuntia streptacantha)S
DNA virus®} RNA virus?! herpes simlex(¥<=3%1) virus, equine herpes(‘Z
) virus, pseudorabies(7Fd F7AH) virus, influenza virus, HIVS] DNA =
+© RNAY] HA|E Aagttar B HATH70).

Super e Zdgd FEYEE, SR o=, HE C, Ao
o] %o}, LDL ZdxdE& 53, HDL FH=HE2 7R, 438

aAE ol marE A%laL, w4, ok SFAAGAC 540 flam, et

B

o
T

u}.
i
ot

o
o,

)
b
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Aol avts vepbival svh(71,72).

Wl X ethyl acetate F=&2] DPPH(1,1-Diphenyl-2-pricrylhydrazyl) free
radical 274 &4 BHA(butylated hydroxyanisole) , a-tocopherol H.t} $-
FolF o, AV(acid value), POV(peroxide value) SAo|A+= BHAXT E3}
A o1} a-tocopherold}t A8 a1 TBA(thiobarbituric acid)7F SAo|A+=
-tocopherol 2.t} -3t g4tkst &S YeEQATHT73). Sufe A0S 4
A 9 EoF A#EY S wl ascorbic acid, polyphenol?] @&k} skakzt &4
Wt olar, A% 5 Ak, pHE W3t oy mAdETe] Wy
# A (appearance, taste, aroma, firmness)<> <] W37l gIATHT4).
v Fel e Eol ke Aol deive] FH2HEIN FAA

kel we) Foldem HAsiial, £ AdFEe AFAZHELES

T

2

|
|

2

off rir
rJ

)

s

C}o

(hypercholesterolemia)el &7} Slo} FFd2HEY LDLEFUAHES S5

o]FaL, TAAY HDLZd&H = dakel= W7t ivkal siitk(75). A%

_

Aol izl Ha 2RAW, @3 F4Awe] folHow P,
HDL-Zel e85/l S7hstel @5m7st avpt dom, Ta4 $Yis
o Aol Frhse] fike £F UL FANA AL AAHAHTS). 8 4

fSiout LDL Sd2HEY g5 doEs AAAZTHT9). T &utg M0
A HEE Ao] HEAE AR Ay dF AWy dF deieE sy
S sHAEstel ol a3 s AAFSFIAEHEO).

St ddd 719 WgE FEELS FEddZd AAEA, tyrosinase A 3
473, A o] sk, DI E g3 Qlo] sPFE HIFAIRA 9 o] &
7heAdol Har HATH8D). A ¢ Aol wigh HexA kA HAtl A A%t
= AF% Aol et AFeA B FA7t
AAGel Axk= AHEE pH, 9l

XE‘I] - =
Ay A A marh Aval B H9Avk(82). AU dLeA] z)



ol g F=dodAE B FoIo A5 a3Es e, 713A 3
gt oAbl mAUE Adslen, AT B #Hgo] dvkar B HITH83).
AN F=E2 A E(macrophage)oll X FEFAAIAE F=dto] ek B

T A&l Ao (84), WA A A 28 Bov]e B 3&E7|sS e
WAz, ZHAE(stem celDQ 2 A XEo A A EAAANapoptosis)ell 23k Al

A7} e SIThEs). AEL 248w
77

= Zgo] 9lom E3| quercetin 3—methyl ether7} 77 @37 & Ao=w H1

Zholl A= mascaline(3,4,5-trimethoxyphenthylamine), citric acid methylest
—-ers(dimethylester, trimethyl citrate, 1,3-dimethyl citrate, 1-monomethyl

citrate), A x| = taxifolin®] HIl FHATH2).

A AxHe AE=e s JudERe s g gomds 14450 gli
M E a4 polygalacturonase, pectinmethylesterase, cellulase, B
-galactosidase?] 2}-&° 9] AZASHAY 72 EtH89-93). F= 7+ I
A A EH o polygalacturonase®t B-galactosidase A8 A] 2372 WH3lo|A
polygalacturonase A #|ito] A &E2}3}7} @o] o]FojHtial B EATrH94). A
oM =" 35708 FEOAM AETEH, glucoamylased,  <i3HH,
xylanase@€/d o] A+ 16719 o] 5 FEskN(95), FHFHFo| T o
3}, 23l AAE BTl = 5= Aspergillus oryzea, Asp. penicilloides,
Penicillium expansum, Rhizopus oryzaeZ &% Attal s THI96). S5

AT dslasr AL F3ols EGOA FElete] 5A4% A3 Asp. niger=

_13_



SAENIL97), AfFrdo] Bo] £3d FAE, Hu|, AUy % EFoR FH
cellulaseE AAVst=  Aspergillus?:, Penicillium?:, Trichodermas: H%9°|%
s otar Wil EHJATH98).  Penicillium  wortmanni®t  Chaetomium
trilateralex= B-xylosidase Z3AF3}$131(99,100), Aspergillus awamori®t Asp.
nigerol A glucoamylase A} 2™ (97),  Penicillium  minioluteum<-
dexrranase® AAbethal ®Hal HIJITH101). 12 gh5-9F Al fakge] w9
o] EA3}+= Neocallimastix, Piromyces, Orpinomyces% &30+ cellulase®}

xylanase& A4bettial B3 FQH(102).

5 #5(Fw) T4

B
B F7] vl o] Hast] Aol ofHgo] UTH103,104). weEbA
At A w251 gk o] Wdslo] quantification polymerase chain
reaction(qPCR), restriction fragment length polymorphism(RFLP)®4,
random amplified polymorphic DNA(RAPD)&EA o] Z+2] A3} Ao o] &
FH2AH105-107). FH<toll &= internal transcribed spacer(ITS1, ITS2)¢F rDNA
sequencing©. 2 2SS AT JA+=H(108) FF38H A DNA sequence 4]
S screen outoll &3 coding(5.8S)3 non-coding(ITS13} ITS2) regione
EM3 marker24 TS A4 UH109-111). M9 gliHE A= dE=2
o] 9131 2H% DNAQ internal transcribed spacer(ITS) region< ITS1
spacer, 5.8S rRNA gene, ITS2 spacer® T4 %Y (Fig. 2), ITS 99L& A+
o FE AlololA B2 AFolE yEtlo] &7 FAddAE AAst=d &

g o R YSHATHL12, 113).
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ITS 5F

5.85
ITS TS 28S rDNA
18S rDNA 1 rDNA | ITS2 D)

ITS 4R

Fig. 2. A map of the ribosomal DNA region containing ITS1, I'TS2 and the
5.8S rDNA gene. Arrowes indicate the position of the primers used for

PCR and sequence analysis.

ITS1 99& ZZA)17]7] Y3+ Zeto| v (primer)E 5.8S rRNA FA2E T3
02 3= 58A2R(CTGCGTTCTTCATCGAT-reverse)¥ NSI1(GATTGAATG
~GCTTAGTGAGG-forward) ©]&3}il, ITS2 49E& SEHA7]7] 913 Zefo|H
+ 5.8S rRNA FAAE 402 3l 58A2F(ATCGATGAAGAACGCAG
~forward)®} 28S rRNA F#AAE E4 o2 3= NLB4(CGATTCTCACCCTC
—~TATGAC-reverse)E ©] &% th(114,115).

Aspergillus®t Penicillium +3%°]+ [TS1¢] ITS2E.t} sequence W37l #HA
FAol ITS1 sequence A& sttty By FJTH(116). X =AM Penicillium
roqueforti®t Geotrichum candidums 3 SA43h=d [TS1-5.85-ITS2 49
DNA sequence ¥A o= FASATt Bl HQ31(117), Lactarius deliciosus
S Ao ITS rDNA sequence ¥4S 3} thal Bl Hom(118). A &
Aol B8 5.8S rDNA sequenceiAlo] Aetsivta Hal HATH(119).
Pestalotiopsis%:, Trichodermas:, Cordyceps® w5 749 ITS rDNA

sequence A5 3Gt Ha% AuH(120-124).
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m Az 2 4

1. A=

D AQE € H2dE £

A ArjE Tste] Aol ol AAE AAGL AHste] Br)E

A F 4ot RET (AN, B FEe, AFAL 90ToA 1583 7}

A Ak, dIE EEHE AR, = 4l AiEsol A" 84 "4
S At oJAS ¥ FEAAZ7|Ushin freeze dryer TFD5505, lishin Lab
Co., Korea)2 XA & 25 L&t -20C Yo REASAAM A=
= ARgeRslt

AQg Aul AARES Falsh v AES Bess] A% B Ant ATA
FUe T AY AN AYANA HAF P 2o FS AREANA

3-8cm Aol FHoAY. EYL 30C HAZEZ7](Dry Oven, Hanbaek
Scientific co., Korea)oll Al 2A17F AFAA oF 288 EYABE Yo
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3) Congo red £

A dn AAES Felete =S FEer] fste] e el gl

< 2 wd MAES Egsted AREsheE
&4 NaCl 2 g2 S#F5 20 mLol &
A AN} congo red 0.5 g2 99.9% oNE-E 80 mLol €347l BYS 4
o] oI (syringe filter, 0.45 pm)3d}e] Ao HASHA AFE3FA T Congo
red &2 A% dn HAE E& vA= 28 A Tl 0.01%7F HEF

718k tH(125,126).

congo redE #H7I8F3 ;. Congo re

AE AR o]&HA e Ald AJR A sEUx £2d HAE E9

T AXY zasE HHgAIZl F kst @A angiotensin  converting
3}

enzyme(ACE) A& &4 e WS &elstr] flste] Aldya = A Enf

A
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2. Aqo];g- ==kl xq;d _,] o]g].g]-xq EA

ol AES FRlsr] fste] dslol=d AJ§(127,128)%
Gt 0.5% A5 &N 1 mLo 1% dEYolFE 71ste] pHE A2 %A
I 1% dstol=” AlekS 5% 7hste] A oE wizbx] 7tdek & Ao W

g Pl A4 wE webde ehiw Ustel=a gusow sk

2) Molisch A&

AN Al FAEo] FegEdA gty 913k Molisch A18(127,128)

S gtk 05% A28 0.5 mLoll 5% a-naphthol®] 95% olE+e & oup

of T3 & M3 F 1 mLE AW How HHS] FAsH F
o] HEwol| AA g7t yebd . o] RS st of MAVE A k= A
Ao 2 WM3tH Molisch B FAo= 33l
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woleh M Aol A E FiEe v GdEES dolRr] fste] 0.5%
HAE 8N 1 mLo] 5% dl&= 1 mLE 718t 2 &£33ta, A3k 3H2F 5 mL

T & =3t A&l 20-30%3F WA

il
N

=
ol
ol
&
N

=
ofr
ot
ot
ol
ol
ol
X
i)
12
>
~y

37 470 nmol A &3 % (Shimadzu UV-1700, Shimadzu Co., Japan)& =
Aedtt. =G L maltoseE: EFLNo 7 o] 25 50, 75, 100 pg/mL

Fro A A (Fig. 3)& AAsHATH128).

1 —
0.8

=
C
< 06
~
>
Q
S 0.4
Q0
5
2 y = 0.0081x + 0.1405
<02 R2 = 0.9997

O 1 1 1 1 1 1

0 20 40 60 80 100 120

Maltose concentration(pg/mL)

Fig 3. Calibration curve of maltose.
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Table 2. Composition of M9 agar medium containing mucilage from prickly

pears as the sole carbon source and congo red

Component Contents
Sterile 10X salt* 100 mL
0.5%  prickly pears mucilage
100 mL
solution
0.01M CaCl 10.0 mL
0.1M MgSOy 10.0 mL
Agar 15 g
H20 780 mL
Congo red 0.01%

All ingredients are mixed after autoclaving and filtering.

NasHPO4 70 g
KH2PO4 30 g
10X salt=* NaCl 5g
NH,CI 10 g
H20 1000 mL

Adjust pH to 5
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2) £E #FA Efaa B

Belg A7 wgstel Ay dv] AAEBS Bass 5AE A 9

sto] Ao w XA duf FHAES FH7FgE M9 broth WA S o] 83130
O 2AL Table 33 Zuh &4 23 AFS M9 broth wixle] % 3}o]
28°C |71 (HB-201SLI, Hanbaek Scientific co., Korea)ollA 200 rpm<]

SRR AYSEA 497 Wit Fol FAVL FR Aw P

9
9

QAAE2 (7,000 Xg, 20 min)ste] #AE AAS L FF RS JA-F5Z2AZshin

o
o
i)
oftt
ol
L
&
|
[\)
(@)
(@)
o&
offt

freeze dryer TFD5505, Ilshin Lab Co., Korea)A|

oA BIAsHHA AEe a4 =E AFEESTH

Table 3. Composition of M9 broth medium containing mucilage from prickly

pears as the sole carbon source

Component Contents
Sterile 10X salt* 100 mL
0.5% prickly pears mucilage solution 100 mL
0.01M CaCls 10.0 mL
0.1M MgSO4 10.0 mL
H20 780 mL
All ingredients are mixed after autoclaving and filtering.
NasHPO4 70 g
KHyPO4 30 g
10X saltx NaCl 5g
NH,4Cl 10 g
H20 1000 mL

Adjust pH to 5
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= A
=

9 &2 0.2% €9 1 mL

B
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i
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iz
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A ol W FAIA A

9] 0.2% Z&A2NS 100 TolA 30
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1
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2) Thin layer chromatography(TLC) ¥4

A dulf HAEe] EeH vAE o FalE=A Fletr] fldl silica
gel 60F254(Merck, Darmstadt, Germany) TLC ¥4 3ttt OMS, OES,
OMES¢} tjzx=7=4 OESHE o]¥(syringe filter, 0.45 pm)ate] silica gel
60F25: TLC #Y ol 30 ulL® dAAsFA ). A7)&v+= butanol: metanol: water
5 4 1 1Gv/v/v) &R EFEt AR aL(130), A s E &
ATh WA RZE G opu At e fEo|=E Zh= 3heEQIA] dolr ] ¢

B 5% B, AE-T, sl =S AgHAHIBD),

A o825 =dlstr] 9 HPLC 4= 33tk OMS, OMESSt thx7=
OESH, OMESCE ¥ (syringe filter, 0.45 ym)3}e] Al5& 2+ 20 ulL¥ HPLC
of Fste] A skl th. HPLC(Waters 2690, Waters Co., USA) +42 H&
71 RI(Waters 2414, Waters Co., USA)E AM&3l%lil, RI A&7 &2&&
35CTRem FAx1L Table 49F Zth 4] AFE-3 BIOSEP-SEC-S4000
A ™ (Phenomenex, USA)< #x&Fe] A7|d uwe} F2¥ = ASE IFXF9

=dol WA AEHal A FAFe =2 FHdll AEHnR, oz TATFY A

.

(@
[©)
al
=
jab}
=
)
o1
w
ﬂ
(@)
)
©
(\]
(@)
(&)
2
O
=
>
=
(@R
al
o
-
@
j=n
)
2
o
=
O
[©)
C
%
Z
Mo
N
(@)
—
R
als
o

o
My
rlo
N
A
o
il
M
1%
ol
2
o

Moz A|z3sle] o F(syringe filter, 0.45 pm)3k
Fig. 4% dextran (2.0<10%¢] HPLC ZAI}ola WIS A7t 580584 A=
lt}l, Fig. 5% dextran(1.0x10¢] HPLC ¥

10.45%0ll A A=A HPLC #4 $ A=d 549 #A%e o Z+=4%

VRE AZEE lste] AEs,
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Table 4. Analysis condition by HPLC

Column BIOSEP-SEC-54000
Mobile Phase H20
Flow rate 1.0 mL/min
Detector RI
12.00
10.00+
8.00-]
E 6.00
4.00
2.00i
0.00 4 r‘/\/_,—
n '2.|00‘ I I4.|00I I ‘6.60l K '8.50' I ‘10!00I ‘ ‘12!00' ‘ l14!00, I ‘16f00r f ‘18f00‘ I ‘20.00
Minutes

Fig. 4. HPLC chromatogram of high molecular weight dextran(MW
2.0x10%).
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8.00
7.00
6.00-]
5.00
S 4.007
3Auo—:
2.007]

1.00

0.00

—T — T —TT — T T T T T T T T
2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00
Minutes

Fig. 5. HPLC chromatogram of low molecular weight dextran(MW 1.0x10%).

4) Liquid gel permeation chromatography %4

Aol Al HAEZo] HEld A AXEL] a4 ahd 9sly EIEHEA
Z BA3%7] 98t liquid gel permeation chromatography #41& 33t}
MESE Z+7} 5 mLA Sephadex G-100°] 2R A= (2.8%35 cm)oll

T3 & pH 5% 0.1 M acetate buffer(with 0.02% sodium azaid)E& ©]&4

@)
=
05}
©
@)

02 349 0.1 mL/min %502 £EA7]MA 3.0 mL¥Y FE519 B33 A
% 1 mLel 5% = &5 1 mL 7telo] 2 E§saL, X3k &4k 5 mLE 7F
ato] 7hedt g AdetAl EAA F 2 EFsto] Aol 20-3083F BASHA T
7} 470 nme] #3333 = A (Shimazu UV-1700, Shimazu Co., Japan)ollA 3%

g =339k
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A A A sAAE ol e d oA AAE MRS 2ah A
A-5-0 FEEHE FFY WEE dolry] 3 FTEYHE FF FAS

o HhHo we} AFelglth. AlE 100 plell S/ 3 mLE ¥l
0.016 M KsFe(CN)s 1 mLe}t 0.1 N HCI9l =< 0.01 M FeCl; 1 mLE 7}l
2 Aolz F A2oA 1583 WAEATh. Stabilizer(H:0: 1% gum arabic:
85% phosphoric acid= 3:1:1, v/v/v)E 5 mL7}8ta1 2+ 4o+ v} 700 nmel
A &3 =(UV mini 1240, Shimadzu Co., Japan)S =33}t T oz2E
gallic acid& AH&3to] HZFANS AAdsta(Fig. 6) FTEYdls IFFS A=A

ot

1 —
_.0.8F
E
()
§0.6f
\d_;
(&)
[
S04+t
o
a = 32.232x + 0.0007
<o0.2¢t E o

. R = 0.9989
0 1 1 1
0 0.01 0.02 0.03

Gallic acid concentration(%)

Fig. 6. Calibration curve of gallic acid.
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A A0 A FAAZ Bue] B FrA YuE AT =

s
W59 Fehnwol= o] WekE doluy] A Fehuwol= Y LA

>
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—
w
L
Lo
ok
o
2,
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11
o
ol
o
38
H
=
@
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=
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™

s

@

0,
<

o

=5
w
5

—
o
—
Z,
Z,
[eb)

@)
aw

F%=(UV mini 1240, Shimadzu Co., Japan)E& =3ttt EFA| o=
naringing AR&ste] AFAS AAdetal(Fig. 7) ol 35S vl A=

shlet.

1_
0.8 | #:
=
| e
o 0.6
Al
<
>
(&)
S 0.4 r
o]
5
3 i y = 32.431x - 0.0191
20.2 Y
RZ = 0.9935
0 1 1 ]
( 0.01 0.02 0.03
-0.2 -

Naringin concentration(%)

Fig. 7. Calibration curve of naringin.
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4) 1,1-Diphenyl-2-pricrylhydrazyl(DPPH) &tz AAHZA

A A Gl BANE Pe] Pel @A QAR ALY REd A

-39 DPPH &tz 2484 LS Blios(134)9] Wil wel 2 mgel DPPHE
15 mLe dgZo] o wE DPPH €9 1.2 mLel DMSO(dimethyl
sulfoxide) 0.5 mL$} ogt& 3 mLE s &9 UV/Vis 33 =AUV
mini 1240, Shimadzu Co., Japan)olA 517 nmolAd9 Wx++ FF=7}
0.94-0.97¢] ¥ =% Ao oetEs FHrlste] AU o] DPPH &9

450 pLell AE-89 50 pLE Ho] Z 4L 5 HALoA 1027 WA st
517 nmoll A ¢ &F%=(UV mini 1240, Shimadzu Co., Japan)S =743} t}.

DPPH radical scavenging activity(%) = (Abc - Abs)/Abc x 100
Abc : Absorbance of control at 517 nm

Abs : Absorbance of sample at 517 nm
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5) Hydroxyl &9Z &A &4

A A9 Gl

1 1- O

Tof| 2] wFolA AAkE MEL] A A
2742 Chung (1358 ¥l whel 10 mM FeSOy
7TH.O 200 ulL, 10 mM EDTAC(ethylenediaminetetra acetic acid) 200 pL, 10

r,
e
A

AAdx
i

5
A-%9] hydroxyl?] &7

ofj

mM 2-deoxyribose 200 pLZ ©]F9]Zl fenton reaction mixtureE <1AF <
SN(pH 7.4) 1.2 mLet S Eetal o7]ell FE= 200 uLg 7hete] 412
2 10 mM H:0z 200 uLE #718te] 37CelA 4A17F whgA A Th 18] 2.8%
TCA(trichloroacetic acid) 1 mlL, 1% TBA(thiobabituric acid) 1 mLZ #7}3}

o] 102 &<t #olaL, o] Td== AAM 43 F 532 nmollM FF=UV

mini 1240, Shimadzu Co., Japan)& =# 39t}

-OH scavenging activity(%) = (1 - (Abs - Abo)/(Abc - Abo)) X 100
Abo : Absorbance without treatment at 532 nm
Abc : Absorbance of treated control at 532 nm

Abs : Absorbance of treated sample at 532 nm
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6) Hydrogen peroxide &4 &4

AR A Al FANE Bue]

1 1- O

e

g T ABAE MAEL] Fah A
W3l= Muller(136)2] W weh A&

A-%9] hydrogen peroxide &7 A
£ 0.1 M Ik &+58-H(pH 5.0)

100 pL, 10 mM hydrogen peroxide 100 p
500 pLe} & 3ste] 37TCollA 5i7F HHEAZ & SA] A2 1.25 mM ABTS
(2,2-azino—bis—(3-ethylbenzothiazoline-6 sulfonic acid)) 150 ul2} peroxid

—ase(l U/mL) 150 pLE Yol 42 v 37CAA 103+ ¥-&A]#A 405 nmoll

A9 &3 % (UV mini 1240, Shimadzu Co., Japan)S =743t}

Hydrogen peroxide scavenging activity(%) = (Abc - Abs)/Abc X 100

Abc : Absorbance of control at 405 nm

Abs : Absorbance of sample at 405 nm
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7) Angiotensin converting enzyme(ACE) A 3|&A

Al

me
o

QA Av] BAAZ Bwe] ¥l wFolq AN Axe] EEs A

s

-39 ACE A3 &A¢] WM3li= Cushman®} Cheung(137)9] HHo| upz} A

i

50 pLel HHL(hippuryl-L-histidyl-L-leucine) 100 pL, ACE 100 pLE Y i
37ColA 30%7F RESAI# AL, blanks W8 $ 1 N HCI 250 plLEs 931 W5
S AA A FH ). Ethyl acetate 1.5 mLE ¥ 5%7F kA7l & 3,000 rpmel

A 1587 AR, AEd 500 uLe FHEke] 120TolA 1587 Axst
% 15 mL SHTE Y€ 1A3F o) 83217 v 228 nmolA FF=(UV

mini 1240, Shimadzu Co., Japan)& =743} t}.

ACE inhibitory activity(%) = (1 - (As - Asb)/(Ac - Acb)) X 100
Ac : Absorbance of control at 228 nm
Acb : Absorbance of control blank at 228 nm
As : Absorbance of sample at 228 nm

Asb : Absorbance of sample blank at 228 nm
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(@)}
M

g a5 73

D &£2 59 FH4 4

Malto extract agar, Czapek—-Dox agar, potato dextrose agar, YM agar,
Sauboraud dextrose agar HlA|o| dF5 HFTsle] LAY AT T A
SEHE #F silvh. B wigE w3ole Edol= Sk 9 AAE 13
Al7]1aL lactophenols 1-2%&  7hste] 33 &AW (Olympus CK2-TR3;
Image-Pro Plus, Olympus Co., Japan)2] 4008] wj&ol A EAFEQF AP

AYFF o5 HESATHI3Y).

2) Internal transcribed spacer(ITS) 5.8S rDNA sequenceing

Y
rr

Oft

EFol A Beld A% sists AF Bx 5487 5ol @

Zu| Y E B EAE (Korean Culture Center of Microorganisms; KCCM)ell <] ]

(i)

W Hd=

i

3tk Bo¥l Z# Bx: Internal transcribed spacer(ITS) 5.8S rDNA
sequnceings 3} National Center for Biotechnology Information(NCBI)
Genebank(U.S. National Library of Medicine, Bethesda, Maryland)el] ¢+

FREI FAH S PAse] FAHYh
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v A% 9 12

1. 494 dn) AAES ol3ed 54

A dnf Ad=9] olststy 549 Abi= Table 58 ot &l of

vdtel Wete| 2B FfrehsA oRE Hsy] A% dstel=y Addzn
A

ol
rlo
=)
=N
S
w
[©)
N,
HN

-xylose, D-galacturonic acidZ +4)9 &FE
olztE ®i(140)% LA =]
A Aol wg} EFES TS B9 EFo] dE¥A = Ao=w A7
Entg M2 49.7%9] cellulose®t 50.3%9] arabinan®2 TAH 96% T3

T2 Zk=nga voigls Adadoe] BHsA Wi vx2E 7P o141,

D-galactose, LL-rhamnose,

1

AT FAFSE G2 (Aloe) TFEF+= glucomannan, uronic acid, galactose,
arabinose, rhamnose® /3% F®A 37, acethylmannan O &2 Hilk
3L YtH(142,143). Acethylmannan< ®3t% 67%S kil Jor
mannose 60%, A%2] glucose®} galactose® ©|Fo] & Q1L acethyl”’|+= 23%

5 s8kaL, 1,4-glycoside A%S 7FAaL vkal Hal HAoH(144). 28] &
A
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S TL fructan 7(93.4%), 2] disaccharide(2.0%), 2 glucose(0.8%)

2 fructose(3.8%)7} Sl a1, fructane U THASERE L=

fructan(fructose w2} Alolol B(2-1)Z23H)3} neo-fructan(fructose A A}o]

of B(2-6)43hHe &= FAH vt Hil HJATH146).

Table 5. Chemical properties of prickly fruit mucilage

Ninhydrin test + (violet)
Molisch test + (purple)
Total sugar contents 64.85 mg/mL
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2. A0 Enf HAE &3 v[AEY £

A Al AA=S Rallshe MAES Sdbh7] fste] fd3 gadew
AN dul AEES A7 M9 agardi# o] A=< #aE gl fIgh
congo red FMAIFE 0.01%5A 713 ths EFAEE HEsko] wigstsd
t}. Congo red @AAIFS 3182 =F7bol| = ZAststA| 9t 57 o]ste] Q14 s
g3 A% D-glucospyranosyl unitE 3Hirete S2ldols AdsA @+

th(147). Congo red @AMHE extracellular type celluloytic activityE 2zt

)
&2
(e}
o
e,
(@)
Q
=
N
(@)
=]
(@)
fl
o
g
o,
ofl
oX
ol
=K
N
wW
01-}1
rU O
HE
EE
—|—'
2
o
mln
=K
N ‘lN
il
i
>,

2
jus)
==

o
0,
O
ol
92
O
O
m
0Q
o
=
¢
0O,
(03
x
>
12
ftlo
N
N
o3l
pe)
o,
E
=
>
~y

2%
8). Balg 7F Bx: #EF9 oA clear zoneS FAeE Aol Ao o=
&5 colonyell A3 AE HS ATt ol Ulou Azte] A
1o uHo] clear zones AT wels Eaw 2 Bx
4 g

AE OERFE 57 olate do

o)
"q_
w2} 3

X
e
fo
BN
fol
b~
Sy
jut)

congo red M AlekES WA 7]= 5 cellulolytic activity7} & HO=E
B ¥%31(147), PY-CMC(peptone yeast extract carboxy methyl cellulose)
Hj Aol A congo red FAMA] =FA HME #4558 CMCaselcarboxy methyl
cellulase), B-glucosidase, xylanase &Ao] 2 o=z B FHATH125). =
o] #H]3F= cellulase™ endoglucanase, cellobiohydrolase, B-glucosidase
o]aL o] EAEL cellulose®t cellobiose®] 3ol #=do] AU, o] Fol
W} congo red #H< Aol €& AFHIES He AR 3N = A% g
2 Wgsd =, o)A pHe g o = pH 3.00014 &k, pH 5.2004 &H

Uetlo] congo red7} pH AAlefe = o]&H 4 Slvkal B HSY
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(148,149).

{: — W AN

L ot | TN |

Fig. 8. Fungal isolate Bx on M9 agar medium containing mucilage as the

sole carbon source and congo red.
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Solvent
flow

Origin

Fig. 9. Thin layer chromatogram of prickly pear mucilage and its
degradation products.

OMS: untreated mucilage, OMES: mucilage after incubation with fungal
crude enzyme, OHES: mucilage after incubation with heat treated fungal

crude enzyme, OES: fungal crude enzyme
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2) High performance liquid chromatography(HPLC) ¥4

Aol dnf HAEo] At Bx AlEQ FaA0 o HalH=A &eler] 9
3l OMS, OMES, OMESC, OHES®] HPLC #4] Z¥}+= Fig. 109 Jehfoldt.
OMSoA = WF5 AlZFo] 5783 11.9%°0A peak’} YEFS I, OMESOA =
5.3%37 11.3%A peak”’} #ZEHA oY HEFAIZF 58U 9] peaks HAaslal
112 9] peak7t T713te] St aitAleke] Exo] 11t AiEAske] &

Az B H9eS o £ gk gz OMESCY OHECE HEE AzH

555, 11357 555, 11.3% 116504 peak’t Jeds A2 WAw u%
sho] Mgt S UElew, sEW Y nEAH =4S Fall HA U
< UEHIY ZF=4E dextrans ¥ 0w FA4% Ad #HEE AL

5.3%9 24L& 92x10%9 mEAFS Y, 1
AEAHE 548 YeEhlAo. uebs EelE Ad Bx AES

=
2x10°9] AR M9 Avl HAEo] 1x10'0|3ke] AR BHAZ ¥

Enbet Aol due] S84 ARdA LEAZFMW 1.3x10° gmol HH A

BAFMW 3.9x10° gmol )¢l 27h4] AR F neAF) 2de auds F
F3lA] ¥ =58 gdiolal, AEAEF A2 galacturonic acid, glucuronic

acid, glucose, xylose, galactose, rhamnose, arabinose@® TA % 20%2 233t
Fe ZbE pectinAl E4olal, ARAF] AR dWAR B HRITH43). ©
BB A B Mad dv] HAE(FEA)] 2x10°9 BEAHE ZE
aEA 2ol Aole dASHAIRE dstol=d YA, Molisch ¥4 W&
Uehfo] olujak} FEelo| =S zh= gdfels Aol ZFol7F AT
Eutel Aol FEE 2.3x10'9 EAHS 2= UdHE arabinose,
rhamnosse, xylose, galactose, galacturonic acid®] #7]E 7}AH, gelS FA
&A= XoHARE Ca o] H7FA polyisobutylened} 2 ®A& 2t= 549
ATt B HAT(37). L2 HAE mannose®} glucose?] B-(1,4)4A3% ¢
Al BaegEe 1.0x10°0% B H$a1(148), o] HgtelA s

acetylmannan< mannose, glucose, galactose, acetyl’|& 3$F3ta 1,4
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glycoside A%< ata BAES 1.0x10°02 B HYrH147). L= o] thg
—]J—?‘ ) . = [e]
¢l glucomannan< pH W3}, 12 2 wAlE Qo 93] f7 a2z
= o H RURS] —
92 %7l Aoty sl
(147). wfebd AAES welshs e meh 74 AR Bl gy
=

9
ui
oft
Hu
rir
12
il
=
=
i)
)
o
e
of
ot
EN
é‘
£
-
lo

QMo 71d =

g2 7t 93] fructane F9 80%°) FolA 5= AT WHA aF

7b ol&dtr] AE fructose® waEO] Tl 12%°lA4 80%F TV AL
. F —]—

glucose, disaccharide® A% #3 Hrlal 31 tH(149)
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Fig. 10. HPLC chromatograms of the mucilage before and after fungal
enzyme treatment.

OMS: untreated mucilage, OMES: mucilage after incubation with fungal
crude enzyme, OMESC: mucilage right after mixing with fungal crude
enzyme, OHES: mucilage after incubation with heat-treated fungal crude

enzyme
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3) Liquid gel permeation chromatography #4

] T Bx A2 Za s o A<

o
{l1%
=2
juto)
i)
(i
o
ML
ol
i
s
dab
o
ol
o

7] $#3}9] Sephadex G-100= A+ ZA™ol|A] liquid gel permeation
chromatography #43sta2 3 mLAY #33 tS dHs-3H o2 470 nmol A
Qoto] G AES 23+ Fig

chromatography<= A7 wel oo Ay} gstzy o] & &

e el 9ol o]gHTh ANAL AL FIFL AL o] AL BAE

S I
3=

il
[

sl BE] 8ZFTHI50). OMSIAE 8-11H Y=
A aEAEES] o] AEE QI OMESOAE 28-34H EEEo)| A ARA}Fe]

Fol A=HAH. olAdew FH Eg Ao Bxrt Artete AEe 2aaE

2
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Fig. 11. Liquid gel permeation chromatograms on Sephadex G-100 of the
mucilage before and after fungal enzyme treatment.

OMS: untreated mucilage, OMES: mucilage after incubation with fungal

crude enzyme
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N
ML
Ach
£y
all
ol
b
R0
Ach

ol
>
a3
2
r (¢

F Er) 32AE B2 sty Wt

ey SFEES AR e BEdo) di 2% gaEe shiz

2
A S 7HtH(1561). AlF XA A AR e e Flateo] Aikst
= AES g A A5 FTEYAE FF

o Yeudtt. FEZgdHE e OFS7F 15.30 mg/Lal, OFESE 21.09
mg/LE WEtH Itk OFES7F OFSH.Y FT&E e d= 5ol °F38% F7hstal=t,

AL HA=I Zo] AT W FYH=ol AL Edol Yt F=

2o FEIHEA IAES FFTol we FHAAE w2l ~(370.21
mg/100 g), o}E.FA2=(290.54 mg/100 g), #ZH287.94 mg/100 g)To=2 ¥
e dar, A FoAME oA~ (21.76 mg/100 g), wlEhAl2(19.22
mg/100 g), W 2H(12.89 mg/100 g)=o 2 ShF-5 o] Jrtar B HATH(149).

OFS9] ZHojH wol= g2 30.56 mg/L3lL, OFESE 46.28 mg/L= OFSe
A8 oF 51% 1 FFol F7hsk3lth Flavonoids B34 WAlE =@AS o1
e AASF=EA o5 AdddAM= R dHE SAsht gl Ag
rhamnose, glucose, rutinoses® 972t Zgste] wid Al (glycoside)®] HEH=
AT SFATH152). Ente AR HEE FEES EdEE0EE 69.5
+3.8 pg/g¥retal Qa, FEtR o= AR 77 kaempferol(2.2+0.3 1
g/g), quercetin(43.2+2.5 pg/g), isorhamnetin(24.1+1.0 pg/g)elAthar H.al
HATH25). A0 drf 80% WEE FEEAA= FEYAEH EHR o=
shFeol Z4zb 4.976, 1.590 mg/gelANaL FEXA3 W wep gHFe] xfolr
AN B HJTH9). Wb OFES7F OFSHUF ZElH-ol= $hafo] o
AL AAZo] FaHHEA A= g PR ZFoUd ERxol=0t F

=

=0] GolstAl Hof &0l xopxl Aom Y. Setr o= FAaks}

-
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catechin, epicatechin, gallocatechin gallate®} #Z2 flavonol(flavan—-3-0ls)©]
7YA Z33kar 71 the-9] flavonol, flavone, flavanoned A2 &3S eI
AL Bl HJTH(153).

=l AlEEE b JdAAE =3, @Ak EddeEdRe 244 10151,
28.30, 94.90, 95.81 pg/mge|al, ZZH o= FS 16.75, 3.29, 6.72,
6.06 pg/mgelA oM (154), I ofmmp AEQl FHlofE  Alo] X (Salvia
officinals), =%+ AXwv}d(Matricaria recutita), B2 (Potentilla fruticosa)®)
s gFe 77 22.6, 7.5, 37.9 png/mgolil, EFH o= FeFe 747}

3.5, 7.1, 6.1 pg/mgo.2 Hi FJAT}(155).

80FS

Concentration(mg/L)

Total polyphenol Flavonoid

Fig. 12. Polyphenol and flavonoid contents from fruit of Opuntia ficus
indica var. saboten.

OFS: water extract of freeze—dried powder of prickly fruit, OFES: water
extract of freeze—-dried powder of prickly fruit after incubation with

fungal crude enzyme
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2) 1,1-Diphenyl-2-pricrylhydrazyl(DPPH) #dZ A~AZA

GUHBAZTE AA SRS wol BiYHoE AgF BAE Fysnz
Axpgols o R e P8 BYL FT 5 ArHI34). DPPHE B 442
e vimy R Fe 1R A, BFS obuF SOl o8] AAso] 4

AxA2HE Fitst 24E AAstEd Bol
o] &x a1 QITH(151). Al AU dAvl FAAR el F2 X Bxyt AAks
+ &4 AY -5 DPPH @tz &AEH ] Ay Table 60 Ye AT
OFS¢} OFES EF 50%°¢]4°.2 DPPH gtz 2AE &, AA3o 280 =
Ao w YeptA Rt OFSe] gioz &7 &4 55.07+£4.27%, OFESe] #H
Z AAEA L 60.231£0.38%% A1 Aol= UATH 1yt o] A= A
FE2E9 st AFoA AARFATLE 71.13%5 JYER e HAE
S FEYAE FFo] HdEEte AFS dEithe ®Ba(156)9F YAEHA
er okt

SR o= figt AAFAFES A A (+)-catechine] 7Y =2 A

flo

2

AFolsS HPal SO = rutin) quercetin) naringin=hesperidin <°] 1t}
(157). WaEtA] =2 dAFA5S AU Evldd &=l A+ quercetino]
|3k Ho=w A7tHET

Table 6. DPPH radical scavenging activities of prickly fruit extract

Sample Scavenging activity(%)
OFS 55.07+4.27
OFES 60.2310.38

OFS: water extract of freeze—dried powder of prickly fruit, OFES: water
extract of freeze—-dried powder of prickly fruit after incubation with

fungal crude enzyme
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3) Hydroxyl 9z AAH A

superoxide(Os), hydroxyl(OH:), perhydroxyl(HOs), alkoxy(RO-), peroxy(RO
0)7] o] Utk 1 ¢ ¥hgAdo] Fgk AAhFor A A(H00)9 1534t
Z~(singlet oxygen)o] J=H o= ESHGsIL}. o] AHAES reactive oxygen
species(ROS, &Ad4tA)er shal, 2 FolAl hydroxyl #HZa 15844
(singlet oxygen)7} =& Folx 7Hd A3 w385 Hetdo] AdAsE 7
Al8tal DNAO| &8 FAY 5dRols fddte 222 d8A dx, A
thALE g ol A A= A2 o) IabslE ol 3kakaEa (H,0,)7F Fe” U Cu®' ol
=9 EAstl M BAEHE 7 HA40] 3 72 7] o] vH(158-162).

Al A9 En 3432 220 28 A Bxb Adee 54 Ay AF
o] hydroxy #ttZ &7 &4 A= Table 73 Zth OFS¢ OFES E%F 50%
Eokort, OFSe OFES Z+z

X
il
o,
9

o422 hydroxy #HH#E &
50.58+6.26%, 56.9214.36%= +24<Q ztol= HEA @tk A 5(163)
< AE Fo EAste ZYdEsEEe] FAks S dAE #Hel o
o, ZY¥= §%FF hydroxy @z &7 &4 Abolol= &9 A #A7E 9
tal sl 2 AP Aael dAekA] gakth @Akt £4 o] hydroxy #HH
ZHCOH)ol o3t A& flavonole]l 7V =™ myricetin) quercetin
rhanetin » morin » diosmetin ) naringenin » apigenin, catechin ) robin)
kaemferol > flavone@} #om o]i= B-ring2] OH7| 49 917} &ikst 24
o d¥= Fr= AS HEdHAL Salth(164).
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Table 7. Hydroxyl radical scavenging activities of prickly fruit extract

Sample Scavenging activity(%)
OFS 50.58%6.26
OFES 56.92+4.36

OFS: water extract of freeze—dried powder of prickly fruit, OFES: water

extract of freeze—dried powder of prickly fruit after incubation with

fungal crude enzyme

_51_



4) Hydrogen peroxide &7 &A

Hydrogen peroxide A7 &4 SOD(superoxide dismutase)el] 23] A4 ¥
H:02E5 peroxidasedl| o8 =3 4 BAR SAAA HFAHOZ A4S A
A7 s8s SAste Zolth. Al A dvf A0 B e A
Bx7} Aabst= &4 A2 Ad-%-9] hydrogen peroxide 274 €42 Table 8]
UeRRItE Hydrogen peroxide 7 @4& OFS9 OFES E%F 50%°]4 o=
A vEbstaL, OFSe] 52.24+10.36%°] Wlstel OFES: 79.14+9.20%% 57}
3F3itt. o] A= hydrogen peroxide &7 4L FER o= = A
ol ANy HeulE el vlHete] &40 Frtete FY AHRBAE |
e, E8jdE = 44 wdo] v EadsDe Z dXsiid. o
2hA OFSH.t} OFES?] hydrogen peroxide &7 &Alo] S713 A Zd=
o] #ojste] OFESOA HAEF o] AjtEo] Jd Egd=e

Bolel slste] FEFol Tolw] wEelztn Aztac

k)
i
il
lo
fol
B~

Table 8. Hydrogen peroxide scavenging activities of prickly fruit extract

Sample Scavenging activity(%)
OFS 52.24+10.36
OFES 79.14%£9.20

OFS: water extract of freeze—dried powder of prickly fruit, OFES: water
extract of freeze—dried powder of prickly fruit after incubation with

fungal crude enzyme
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5) Angiotensin converting enzyme(ACE) A& &A

agto] wASt= 7] F oA renin—angiotensin system< gz Ao nj-$-
Q8% o38s 3t} Angiotensin I converting enzyme(ACE)S E3Al3<l
angiotensin 19 C ¥ His-Leus A@3s}o] angiotensin I& A3 vhA

uh g Alo] gholshs Eaolw, A

o

A7) &2 9 bradykining &34 3}
Al7)+= @A&o|tl. Angiotensin I+ A-1 F&A¢F Astste] 593 & =
FE2A 7] BAFAS ZEAA deAHE §E ZFAA AygHoz F

A E2e ACE ZAS Ao =N 11y

of

=l

=

ACE
A4S HAHH oz AT = Arh(165-168).

ol ¥ A Bxrh AAsle 24 AHE AF
o] ACE A&l &4 A= Table 99 HeERW AT OFSel4= ACE A3 &4
S JEhg A @29k}, OFESE 55.91+£18.59%= ACE A& &4o] A JEbs:
ot o] A¥= EPum FFol BoldaFS ACE Adfgddo] sobd =2 4#
HAE etk 231(169)8 & dA skl 18y OFSe OFES 2% &
H=S ot dSo: B ACE Adl &Ao] OFESE E2d whélo]
OFSoll M= YeldA] ke=d 1 o]f-& F3lo]m, ACE Adl&dgdo] A& A

3

4 QRS T4, Telw Fe® A@el ANSE ALY mEs A8
ACE A3 24 Aistel wAe] ta 4549 77 Qadslolol & Aow

Az, KA fARE dEe= acethylmannano] ACE A3l&3& UER
o] IC5%tS 0.58 mMolgom AAA(La2) AsjadaS Ve B g
ATH144).
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Table 9. The ACE inhibitory activities of prickly fruit extract

Sample Inhibitory activity(%)
OFS ND
OFES 55.91+£18.59

OFS: water extract of freeze—dried powder of prickly fruit, OFES: water
extract of freeze—dried powder of prickly fruit after incubation with
fungal crude enzyme

ND: not detected
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D 29 o5 Bx9 FHI}H 4

a5 779 g EAS dolrr] ¢35t malto extract agar(MEA),
Czapek-Dox agar(CDA), potato dextrose agar(PDA), YM agar(YMA),

Z

=)

sauboraud dextrose agar(SDA) ¥jA]o #FE5 HFsle] ¥A M2 55
a9 tHTable 10). CDA$} SDAo|AM = Hi%x7] ZAAS =i, MEA, PDA,
YMAAAME w27 22838 WS =g o} ujgk &

< =8NS AlYstae YA wjx el A A S YERSIY. S s xr B
ol EA B dAR Mol dojHn. 7| 5F

L

Lo
ko
gl
=
X
2
2
X

4000 HiEo] FotAv|gstelA el dH, EARY, YA &

A3 A= Fig. 139 YeEAY. &3o]= filamentous F4S 3t do

apendage”} 3L foot celle& T3k Ao F e

Pestalotiopsis% F5< SAXAE 7HAH, Ao RFS dFFola 2-3
MY @& A How IATE U oA dow, FAE AEHS JHA AL
Frgdol Zape] oF%2 278 ool appendages ZHAAL §
(122,170). ¥ <AFeA 28 3t Bxi= FHISHA 5A 0= Pestalotiopsisss
TTFE FHEAT

Pestalotiopsis%2 °F 220719] species(F)o] oy FAlolo] Hefs E7 o]
Wol HAA L, AHFHoRE ANELE HFEo| HAE JvH(123). Pestalotiopsis
sp.e R4 EA = 1) BAYXAY median cell?] 3 2) apical appendage
o] 54 3) = EAE] basal appendage®] A 5 4) SAHEAS] Holg} U
v Foll oef EFstel, ERed frAbdel # FEEA @Al of v RS s

phylogenetic A1 93] ¥/ a7l vkl B @ vf Ao(171).

b

AL

=t
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Table 10. Cultural characteristics of fungal isolate Bx on media

Medium

Spore color

Growth

Malto extract agar

Czapek-Dox agar

Potato dextrose agar

YM agar

Sauboraud dextrose agar

cream color

cream color

pale yellow

cream color

cream color

good

good

good

good

good
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Fig. 13. Microscopic morphology of the fungal isolate Bx(x400).

1: Filamentous fungus, 2, 3 & 4: Foot cells and spores



2) Internal transcribed spacer(ITS) 5.8S rDNA sequencing

EdolA g A Aol AdE 2 o F BxE s4st7] st gk
A5 B ZAE (Korean Culture Center of Microorganisms ; KCCM)el|l <] &3}
Aot EY¥ #F Bx9 genomic DNAE AHA|3Ee] polymerase chain
reaction(PCR)e| 9J8] FZA|Z1 & 58S rRNA gene sequences d& %
National Center for Biotechnology Information(NCBI) Genebank(U.S.
National Library of Medicine, Bethesda, Maryland)°l & TTFEI<]
nucleotide FAMIS A3l F4=HATE DNA sequenced FAHSS vlauls)
o] &% &= WHoln, 53] ITS-rDNA sequenceE
o]&% FAHLE X4 phylogenetic FA o Edsiri(172-174). 5.85 rRNA
gene< 163-165bp2] nucleotide sequenceZ zt= rRNAQ] subunit 9 3}
2 Bil g vk JrH175).

A1+ Bx¢ NCBI #5539 phylogenetic @AE e vootstrap valueE
#A3 dendograme Fig. 14¢ WetlSlth. 22 X Bxet NCBI Genebank
o] #FE7FY ITS 5.8S rDNA sequence FAMES AA3 23 99% AsAlo

2
=l
il
ol
of
rir
pavy
rlo
>
_l

2 Pestalotiopsis aquatica=® &35 A}, A+ Bxe} Pestalotiopsis aquatica®
ITS¢ 5.8S rRNA gene9 nucleotide sequenceE Fig. 150 YEMAT. X3t
Bx+= & 482709 nucleotide sequence&©°] A% A, 15-156, 157-314,
315-4779] sequencee-> Zt7F ITS1, 5.85 rRNA, ITS2E YEeRNAL ol&
sequence & 12994 7|vk =27 Ao M, 226-2392] @717} 14bp
5.8S5 rRNA marker(5'-GAATTGCAGAATTC) =, EcoR1 siteE 7FAa U
th. David®}t Leonard(176)+= +38°l9t =79 #Fol dolA & EcoRI site
o] EAl= 3ol 2/E screen outsh=d] T g WHol Hrka ®Hal &gl

2 H3%o] Bxi= &vle XA#(Opuntia ficus—indica var. saboten) Awj

HAES Fdlels 2 NCBIY 553}e] accession No. EU190493% H-¢f
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Bx
91

Pestalotiopsis_aquatica_DQ132823

190

Pestalotia_lambertiae_DQ813422

1

Pestalotiopsis_microspora_AY924279

Pestalotiopsis_clavispora_AY682929
pa Pestalotiopsis_photiniea_AY682939
18 |d Pestalotiopsis_rhododendri_AY687304

Pestalotiopsis_crassiuscula_DQ672265

[

Peatalotiopsis_sydowiana_AF409970

Pestaotiopsis_leucothoes_AF409969

Pestalotiopsis_longisetula_AF409971

— Pestalotiopsis_photiniea_AY682942

0.001

Fig. 14. Dendogram of the ITS-5.8S rDNA region sequnces of 11
Pestalotiopsis strains showing the phylogenetic relationship of the fungus

Bx with reference texa.
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1
Bx  NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNCGGAGG
Pa TTGGAANGGTAAAAGTCGTAACAAGGTCTCCGTTGGTGAACCAGCGGAGG
10 20 30 40 50
GATCATTATAGAGTTTTCTAAACTCCCAACCCATGTGAACTTACCTTTTG
GATCATTATAGAGTTTTCTAAACTCCCAACCCATGTGAACTTACCTTTTG
60 70 80 90 100

TTGCCTCGGCAGAAGTTATAGGTCTTCTTATAGCTGCTGCCGGTGGACCA
TTGCCTCGGCAGAAGTTATAGGTCTTCTTATAGCTGCTGCCGGTGGACCA

110 120 130 140 150
TTAAACTCTTGTTATTTTATGTCATCTGAGCGTCTTATTTTAATAAGTCA
TTAAACTCTTGTTATTTTATGTAATCTGAGCGTCTTATTTTAATAAGTCA

160 170 180 190 200
AAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGC
AAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGC

210 220 230 240 250
GAAATGCGATAAGTAATGT GAATTGCAGAATTCAGTGAATCATCGAATCT ECcoR |
GAAATGCGATAAGTAATGTGAATTGCAGAATTC AGTGAATCATCGAATC)

260 270 280 290 300
TTGAACGCACATTGCGCCCATTAGTATTCTAGTGGGCATGCCTGTTCGAG
TTGAACGCACATTGCGCCCATTAGTATTCTAGTGGGCATGCCTGTTCGAG

310 320 330 340 350

CGTCATTTCAACCCTTAAGCCTAGCTTAGTGTTGGGAATCTACTTCTTTT
CGTCATTTCAACCCTTAAGCCTAGCTTAGTGTTGGGAATCTACTTCTTTT

360 370 380 390 400
ATTAGTTGTAGTTCCTGAAATACAACGGCGGATTTGTAGTATCCTCTGAG
ATTAGTTGTAGTTCCTGAAATACAACGGCGGATTTGTAGTATCCTCTGAG

410 420 430 440 450
CGTAGTAATTTTTTTTCTCGCTTTTGTTAGGTGCTATAACTCCCAGCCGC
CGTAGTAATTTTTTTTCTCGCTTTTGTTAGGTGCTATAACTCCCAGCCGC

460 470 480
TAAACCCCCAATTTTTTGTGGTGACCNNNNNNNNNNNNNNNNNNN
TAAACCCCCAATTTTTTGTGGTGACCCTCGGATCCAGGAGGAACC

site

Fig. 15. The nucleotide sequences alignment of internal transcribed spacers
and 5.8S rRNA gene from the fungal isolate Bx and Pestalotiopsis aquatica
(Pa).

(Note: the sequences 15-156, internal transcribed spacer 1; the
sequences 157-314, 5.8s rDNA; the sequnces 315-477, internal

transcribed spacer 2)
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P. aquaticae AFE ©3l4i A8y EEEHdoy, 344 S Al
ol g3t = §loem(177), T Naning #99] Podocarpaceae(t}3F33}) o] A
w2 E AL Pestalotiopsis sp.i S A& HolAdol flva ®i FHAo
(124).

Pestalotiopsis sp.<= ARFA o2 A -7 2 Eof 7|Ash= FFol=, ofxt
U, A, BlghuE Frofrkel B A E R 22 AAlH R a3k o
A&l oy Z7)9 wWedwoe=m FEIEHUATHL78). Strobeldt Daisy(179)+=
Pestalotiopsis sp.”} antifungal agent®] ambuic acid, 3+ A EFo] # s}
+ cytotoxic agent®l  torreyanic acid, phytotoxic pestaloside&}
pestalopyrone, 32F8}A]¢1 isopestactin®} pestactin =9 A4 EAS A

]_

Oft

=
AFst7] w9l ‘microbial factory of bioactive secondary metabolites'#tal
At

P. microspora’} 234+t 221 UlAHHE <l ambuic acide A8 WU &%

ofl

o|(Fusarium solani, Fusarium cubense, Helminthosporium sativum, Diplodia
natelensis, Cephalosporium gramineum, pythium ultimum)®| ™ 3F R+ 2+
S (antifungal activity)7} =4, ©] AL Pestalotiopsis sp.2} < A& Alo]d
= HYA HuE FAAAAYE ¥ avga s UH178). P microsporas™
phytotoxin, pestalopyrone, hydroxypestalopyrone, pestalosideE AJA+s}=t
pestalosidet™ = AEU] U= & 71 FFold o IAF &
antifungal activity)7F ot 231 = A H(180). Taxus wallachiana(Himalayan
yvew) 712 P. microspora®t Wollemia nobilis 71X P. guepinii= ARIEZ
Febztgol e diterpenoid?] taxols AI4bebthal SFQITh(181-184). P
microsporas= Embden—-Meyerhof AZZE %39 vdF(branched glucan)=
AL, Add A2 RY 32 4 & F dvkar B HJAe(185).
Taxus brevifolia(pacific yew) 7] 39| Pestalotiopsis sp.(JCM 9685¢}
JCM  9686)¢9] WAMIER  57F}A]9]  sesquiterpen(caryophyllene type<]

i

O]

pestalotiopsin A, B, A} humulane, drimane =)} 2% C-methylated
acetogenin((4S#, 5R*)-(6Z, 8E)-4,5-dihydroxy-6-hydroxymethyl-6,8-deca
—diene, (4S*, 5R*)-(2Z, 67, 8E)-4,5-dihydroxy-6-hydroxymethyl-2,6,8

_61_



¥ laL, o] ARtE gl He=HAe] e Aem o4y
Aoev Ae AW S4S dEhiA @sktar Ba HAT186). P
2~

crassiusculay™

A

—decatriene)©]

sterol, fatty acidE &3

a2
o
il
S
)
ol
2
o
2
i,

K
At
ox,
rlo
2
o
a2
o
il
o
P
>

ok v U Al X A EQl lignin, cellulose, hemicelluloseE H3l 34 &=
et Bar HATH187).

Tripterygium wilfordiiol Al 23t P. leucothés?t AAtslE= BS, GS, YS&aL
g et 3§ immunomodulatory E¥H7F Qlof IZF WY AW AR oF

AzAel 7hs7d ol Slvkal Bal HTH(188).
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) HAEY By A4 Z2as HHSA(OMES)e] HPLC ¥4 A=
Auf AR FLAOMS)Y] HEE A7F 5.72(MW 2x10°)9] 1=}k
HEE A 1L3RMW 1x1009) ARAE B4R o]5adas 1o

Shepadex G-1009] liquid gel permeation chromatography AjoA A<l
B TEAOMS)E 8-111H A 5 A, XA dr] AdED &
2 HESH(OMES)E 28-34W & Al g oA o] HEEH U

a2
of ¥4 ANEEYE nEAYe] ARl A Bxel frol o AP

A Bxel @AV ditstede] geks =4 &Qlslr] flste] FEEdHE
sheF, ZEtR o= &5, DPPH 8tz 2AEA, hydroxy HUZ 2AEA,
hydrogen peroxide A7 &4, ACE AafZAS 3l A3y aiAES A3 A

29 FEER Sehu

i 14
31, hydrogen peroxide A~AZA, ACE AN E 25 A Yelgtt}.

Fe d@r A (x400)3tel A X Bxe Aol AT BEFS st dFYPe X
AHE 7FA AL ddTh Bxe EAbE 1S ol FAY ZolA daL, 27] o]
apical appendages 7FA1al Qlal Exbufel] 27§9] ZA=om oz QU
A+ Bx9 ITS 5.8S rDNA sequencing 23 99%9] 454 0 =2 Pestalotiopsis
aquatica® =4 = gt}

o oATE SEnte M A HHES Selleke vAE 28 2 54 #

@ Azel AT waolT,
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