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ABSTRACT: The properties of polygalacturonase by Ganoderma lucidum in liquid culture were
investigated. The enzyme was composed of an endo- and an exo-polygalacturonase. Thke endo- and
exo-polygalacturonase were purified approximately 56 and 9.2-fold, respectively, throngh ammonium
sulfate fractionation, gel filtration on Biogel P-100, anion exchange chromatography on DEAE-cellu-
lose, gel chromatography on Sephadex G-150 and re-gel chromatography on Sephadex G-150. The
endo- and exo-polygalacturonase had higher affinity for apple pectin than for citrus pectin or pectic
acid. The Km values of the endo- and exo-polygalacturonase for apple pectin, determined on the
Lineweaver-Burk plot, were 1.44 and 10.6 mg ml~' for apple pectin, respectively. Purified
endo-polygalacturonase was found to be homogeneous electrophoretically and had a molecular weight
of 54,000 estimated on SDS polyacrylamide gel. The optimal pH for the activity of the enzymes
was 4.0. The endo- and exo-polygalacturonase were stable in the pH range of 4.0 to 6.0 and
3.5 to 5.5, respectively. The optimal temperatures of the endo- and exo-polygalacturonase were
40 and 60°C, respectively. The exo-polygalacturonase was more resistant to heat than the endo-
polygalacturonase, requiring heating for 40 min at 80°C for complete inactivation. The activity of
the endo-polygalacturonase was increased by Ca** and Mn** ions, while that of the exo-polygalac-
turonase was increased by Ca*™* ion only, and was not affected by Mn*" ion.
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S w dxgFo] pectinased WHE ATE I3
ujnlgk A e)cKEndo 5, 1961; Kaji %, 1969; Yo-
shihara, 1977). webd] 2 At Ganoderma
lucidumo) 348 polygalcaturonase?] F-8-34-
ukeks 93 AAF A7 dsteg <Fxw A
FAARRE BT AT A st 28 2H
pH, =8 4 2x, pH 44, o AA, 714
BolA, 713l Fxo <3 A A 5 3o
Awt 5L ¥s]aA] gl
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Sojsta T E v EA A B3 Ga-
noderma lucidum-2 polygalacturonase AAH2- %
ujx]al pectin 10 g, soluble starch 10 g, yeast ext-
ract 1g, peptone 2 g, phenylalanine 1g, KH,PO,
2g, MgSO, 02g, CaCl; 50 mg, thiamin-HCl 100
pg, D.W. 1000 miel| 4 30, 1047}t v okst 5 wjok
o}l ammonium sulfate® 34 ¥ FAsz
AAEE A 22 A AZ5 column chromato-
graphy & A|82 3}t

Endo- % exo-polygalacturonase 4 =H

Ganoderma lucidum-s AR A 1047 A
2l okgt wjoFE-& o F}ste] endo- Y exo-polyga-
lacturonase®] FHEAe g 3}l o™, endo-poly-
galacturonase®] #41-8 1% pectin® 5% 0.04 M
sodium acetate buffer(pH 4.6) 5.6 mlol] =& 4N 1
mlg 7}8kaL 40T water bathel A 10527} ¥H-8-A] %]

¥ boiling water bathel|4] 3%-7F ¥FgA=] & u
&8 250 W& 3ol HAAKE viscometer Z(Roboz
S, 1952)¢] wbell £3le] ofufe} zlo] Hro 2H
284E FAsden, ol A4F o7 FER
3| Aste] 50%9] HxAas el a4 1
unit® shdch

= r‘“

A=(Ta—T)/(Ta—To) X100

A ; Reducing rate of viscosity (%)

Ta ; Flow time (sec) of pectin soln. added to
the heat inactivated enzyme

T ; Flow time (sec) of the reaction mixture

To ; Flow time (sec) of water added to the

heat-inactivated enzyme

Exo-polygalacturonase #43-2 endo-polygalactu-
ronasedl| A&} Tl A ZE W37l F ukgol
1mE FHiled F21¥ #FU92& DNS HMiller,
1959)¢l] 2]} 540 nmol| A H]*-‘iﬂ%}-ﬁ}db} Galac-
turonic acidE Ap-&3le] e whe R FTFTAE
ZAdslon] AABAEE galacturomc ac1d-a— 1
3 1pM AAske T3HE lunit® 3he] 849
vl aeke 2 &g

CHHlY 5T &%
Suld o Lowry 519519 whyel 3k

o1 bovine serum albuming ZFEAZ ARE-3}

F40 EH

Ammonium sulfatedl| 2|3t 2& Ganoderma lu-
cidum ¥]<F olodof ammonium sulfated 7}3he
30~85% E3H1]A FdE-<] 10 mM sodium acetate
buffer(pH 5.0)2 7}3slo] &4isla 5o h58-oof
A sk FAeta, FAARS o] Al
A-g-shadd.

Biogel P-100 Column chromatography Ammo-
nium sulfate® 4 2 FAs FAAZAL =
E4E A% 10mM sodium acetate buffer(pH
5002 g3ty T kg o= 933271 Bio-
gel P-100 column(1.4X 100 cm)ol| <43}¢] 10 mM
sodium acetate buffer(pH5.0)% #v3 02m/e] &
=2 52m/ 4 33

DEAE-Cellulose column chromatography Bio-
gel P-100 column chromatography$] &4} peaks
Bol EAAFs Ao 10mM sodium acetate
buffer(pH 5.0)2 &s3te] U AF4He=E HY
i}ﬂ DEAE-cellulose column(3.6X 20 cm)ol] =413}

2 Fd g4 1M NaClZ2 linear gradient
elution(16 mi/h) A171™ A4 52 mi ¥ BFH3}e] A
peaks w3t}

Sephadex G-150 Column chromatography
DEAE-cellulose column chromatography2] A
peakE Ro} FAsle] FAAZST 252 10mM
sodium acetate buffer(pH 5.002 £-33lz, U
skEgoo 2 37 Sephadex G-150 column
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ShE4o 56mld 2aAY 1m/E 7}slal 40T ¢
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bathol| 4] 108£7} ¥k-&-A]71 % boiling water bath
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AHER WAgsta &40 AEFAE 40T o)A
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1A s5o HE Hao g =9 VA ¥
x9}o] AAE &3} 7] $15ked apple pectin, citrus
pectin, pectic acid $-¢] 7]4& 0.04 M sodium ace-
tate buffer(pH 4.6)o] 0~5mg/mi¢] FEZ 7}35}e]
A0 uleLEn g 243led o, Km % Vmax %t
£ Lineweaver-Burk plot ¥(Lineweaver 5, 1934)
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Ganoderma lucidum2] ¥ oJH-& ammonium
sulfate 30~85%=% |A3lx, ¥4 ¥ FAAXAIY
AEE A9 10mM sodium acetate buffer® £
35} Biogel P-100 chromatographyE 33t 23}
+ Fig. 13} 7). Biogel P-100 column gel filtration
A Ganoderma lucidumo] Ars= polygalactu-
ronase?] 412 fraction No 11~149} No 24~26
F9)oll A F7He] 5 peak® vjehgr). o] F peak
% No 11~14 fraction(PG-I)& pecting ¥H&- 7]
A2 399¢ @ DNS FU9Y7 ¥ A=is &
AZ yehJlo] A A9l endo-cleavage type(endo-
polygalacturonase)°]¢l 2™, fraction No 24~26
(PG-ID+= DNSe Yol & 4¢ vehd
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Fig. 1. Gel filtration of polygalacturonase from Ga-
noderma lucidum on Biogel P-100. The expe-
rimental conditions are described in the text.
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wd, AEzkr Aol AdH JEE v|X)] gel
exo-cleavage type(exo-polygalacturonase)2 24l
otk w3 Ganoderma lucidume] A= polyga-
lacturonaset= DNS #gl= o 2 wiwapd 2k 4411
# exo-cleavage typeXrt}: endo-cleavage type©]
53] @ol PxwAlFe] A4sh= polygalacturo-
naset 797} endo-polygalacturonase® 2|}
t}. o}z}x Biogel P-100 chromatographyol| 23l
3732 A PG-I peak®t PG-I1 peak®] &4 ¥
HE Rol TAARSY A2 10mM sodium
acetate bufferel]l £33t A 85 DEAE-cellulose co-
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exchange chromatography2 41§ A= 24zt
Fig. 2 2 33 2t} Fig. 2=
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Fig. 2. Anion exchange chromatogram of PG-1 from
Ganoderma lucidum on DEAE-cellulose. The
experimental conditions are described in the

text.
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Fig. 3. Anion exchange chromatogram of PG-II from
Ganoderma lucidum on DEAE-cellulose. The
experimental conditions are described in the
text.
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acetate buffer(pH 5.0)ell 4 54 ¥ FAZx 3}
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Fig. 4. Gel filtration of PG-I on Sephadex G-150.
The experimental conditions are described

in the text.
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Table 1. Purification step of polygalacturonase from Ganoderma lucidum

Purification steps Total ac.tivity* Total protein Spgcific activify Yield
(unit) (mg) (unit/mg protein) (%)
Culture filtrate PG 18,100 - — 100.0
Ammonium sulfate PG 7,766 173.00 45 429
precipitation
Biogel P-100 Endo-PG 4,973 18.02 276 275
gel filtration Exo-PG 113 0.84 135 0.6
DEAE cellulose Endo-PG 1,884 4.17 452 10.4
ion exchange Exo-PG 20 0.14 147 0.1
Sephadex G-150 Endo-PG 927 1.13 823 5.1
gel filtration
Sephadex G-150 Endo-PG 491 0.55 892 24

fegel filtration

romatography 2] #4448 10 mM sodium acetate
buffer(pH 5.0)0 4 FAA|7 F Z4EA 3PS
o8 REAA &§4% A3t} Endo-polyga-
lacturonase(PG-I)= AHAEE © =o]7] H3}
DEAE-cellulose anion exchange chromatography
oA &4& vehd peak ¥ Eof £4 H
EANZ3)T 482 10 mM sodium acetate buffer
(pH 5.0)¢) &-3A]A Sephadex G-150¢41 gel filt-
rationS A1A1% A= Fig. 49} 7). Sephadex G-
150 column AtellA] endo-polygalacturonase(PG-1)<]
gel filtrationS 33+ A3}, PG-19] &4 fraction
No. 17~23 AfolelA = peak7} vlelwttl Endo-
o Fol7] fFted &A
HOE ol i t}r| FHAAF S} Sephadex G-150
columnel| A re-gel chromatographyd AA13F A=}
(Fig.5) 78] =l peak® viehdr] wiel| o|&
E4A%xA7A endo-polygalacturonase(PG-I)¢] AA
HA42 syt Ar1e) 22 o 2 endo- Y exo-
polygalacturonase & <82 2 A5 A= Ta-
ble 15} 7to] wjck oo 9] polygalacturonase?]
16+ 2 unit/mg protein®] 32,
ammonium sulfate Aol 2]3F F3.2 oo
v)sle] ok 28u) A=l 429%2 34e-S el
Weloh =3 Biogel P-100 gel filtrationoll 2]3}o]

endo- ¥ exo-polygalacturonase®] specific activity

polygalacturonase®] +X&

specific activity+

= 77 173, 84w FUHEN R A5 27.5%%
0.6%9°19) 2.1, DEAE-celullose column chromatog-
raphyel]412] endo- % exo-polygalacturonase®]
specific activitys= 2tz 283w, 9.29] F7|shsist
3PEo 104%2} 0.1%2 Hebdh Endo-polygala-
cturonasex= Sephadex G-150 column chromatog-
raphyoll 4] 2% re-gelfiltration7}x] AlA|gF 23}
specific activity+ 892 unit/mg protein®.2 2F 56
e AAEE veiick =3 B A2 E 50%
AR} 428A4e 71% w9)(1 unit) 2 FHAkstd vk
o1& 33 ynit/mg protein, ammonium sulfate 3
E-2 350 unit/m/, A FAE 23,000 unit/mg pro-
tein®} specific activity® Fepel Sakais} Ta-
kaoka(1985)= 7t% wAERNE ikt AA
endo-polygalacturonase®] A (50% HExzta &
NS wlwst Az} Auwreobasidium  pullulanse=
3,492 unit/mg protein, Trichosporon penicillatum--
24,900 unit/mg protein, Galactomyces reessii-=
16,219 unit/mg protein, Kluyveromyces fragilis<
5,890 unit/mg proteino]gchi ¥ w3k v} 9l=d ¥
endo-polygalacturonase<= Trichosporon  penicilla-
tum= 719 Hd FEeldlont o FFel
Bla) e =& specific activityS vERAICh

Hrgao E Y BAY 5
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Fig. 6. Electrophoresis diagram of purified PG-I in
SDS polyacrylamide gel.
1 lane; Low M. W. calibration kit, 2 lane:
High M. W. calibration kit, 3 lane; Purified
endo-polygalacturonase from Ganoderma luci-
dum

axe] AAAEe FxEe sl 93t
SDS polyacrylamide gel electrophoresis(SDS-
PAGE)E ##]& HAa+= Fig 634 72tl SDS-PAGE
Aol A @ bandE F2AF 5 Usdr] wWEe] A
o A3 AA=HA =3 AAEAgwe] B
213 29l-8 $138}e] Pharmacia Al high molecular
weight calibration kit®} low molecular weight cali-
bration kit®]protein standards¢} w]wg 2} Rf
0427 #F owa £ glutamic dehydrogenase
(M.W. 53,000)3 A9 f-AFgk Rf 25 vehlo] Ga-
noderma lucidum©] *§4H8H= endo-polygalacturo-
nase®] ¥-AlEE 5400008 FA vt o)l Ay-
reobasidium  pullulans 2] 42,000(Sakai 5, 1985),
Kluyveromyces fragilis 2} 33,000(Sakai -, 1984), Ve-
rticillium albo-atrum 2 30,000(Wang%-, 1970), As-
pergillus niger®] 46,0003} 35000(Hara 5, 1983)
ol wishd okzt ¥xjgko] Eo AHdko|gir)
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Fig. 7. Effect of pH on the activity of endo-polygala-
cturonase (PG-I).
—@—; Clark & Lubs buffer, —&—; Mcllvaine
buffer, — A —; Na-acetate buffer, —@—:; Pho-
sphate buffer
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Fig. 8. Effect of pH on the activity of exo-polygalac-
turonase (PG-II).
—M—; Clark & Lubs buffer, —~C—; Mcllvaine
buffer, — A —; Na-acetate buffer, —@—; Pho-
sphate buffer

%= pH AA % endo-polygalacturonase} -3
AAF exo-polygalacturonase?] =4 A pHE
AE37] 98t pH 1.0~8.0717) 7% kg o
2 pH ¥ A48AE FEF ZAA:= Fig7 9 854
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Fig. 9. Effect of temperature on the activity of endo-
and exo-polygalacturonase.
—A—; Endo-PG, -@—-; Exo-PG

7t} Endo-polygalacturonase(PG-)¢] &4 pH
1048 FA3] 71893, 45 oldelAe F43]
ZAasle] 55 o)Ak pHelAe A AL e}
WA ekskel Hdl €48 pH4.00)9029 pH 1.7~
50 <d<ol4] 60% o149 AL Jehliglch o=
Verticillium albo-atrum®] 23 pHQ 65H =
gterKWang 5, 1970), E2(Phaff 5, 1956), Al
(Nasuno 5, 1966), +FolfYamasaki 5, 1966;
Kaji 5, 1969; Yoshihara %, 1977) 5] %% pH7}
4.0~500]=kz & Ruole fAMET)h Exo-poly-
galacturonase(PG-ID®] &4 pH 2548 43
F7VA A, 5.0 o)A Ale F53] e AES
vielicl #Hd &Al-8- endo-polygalacturonase(PG-
Do} n}rx 2 pH 4.001¢12 pH 3.0~55 8¢
N 60% o]k E4-& vehith Kimura %
(Kimura -5, 1974)2 Acrocylindrium sp.2] exo-pol-
ygalacturonase %3 pH”} 4.5, Hara 5(1984)-2 As-
pergillus niger7} BA3= exo-PG [3} exo-PG 112
#A pH7} 27 3.8 4.80|¢ict B wE »} )
o}.

EH 2 & 5459 38 A 2xEE HE
37] gt o8] LEoM BaBAS vy 2
#+= Fig. 99} #t}. Endo- ¥ exo-polygalacturo-
nasew A L£xoA It ZolE el

exo-polygalacturonase”} endo-polygalacturonase &
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Fig. 10. pH stability of endo-polygalacturonase (PG-
D.
—M—; Clark & Lubs buffer, —&—; Mec-
Ilvaine buffer, —A—; Na-acetate buffer,
—@—; Phosphate buffer
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Fig. 11. pH stability of exo-polygalacturonase (PG-
1).
—M—; Clark & Lubs buffer, —C~; Me-
Ilvaine buffer, —A—; Na-acetate buffer,
—@®—; Phosphate buffer

o} o 24 ¥H3-sledt}. Endo-polygalacturo-
nase(PG-D+&= 40T o4 F& 4% Jehliglxy
32~62C W$lolA 80% olAte) AL FR|5od
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Fig. 12. Thermal stability of endo-polygalacturonase
PG-D.
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Fig. 13. Thermal stability of exo-polygalacturonase
PG-ID).

Coniothyrium diplodiella$} -3-*HEndo, 1964)3}s].2
v} Aspergillus niger(55C )R}z oF7h o A gko)
$tiHara %, 1983). Exo-polygalacturonase(PG-II)
£ 60C oA e 4L ehleda 40~75C
Wl A 80% o149l BA-S viel o] Aspergillus
niger?] 73%-¢} Tr/\}‘GP“I:]»(Hara & 1984).

pH o4 & &gl pH Y4 S s
A5ted g bAoA 40T |4 3087} incuba-
tion gt ¥ AEs= &4 8AL vy A= Fig
10 2 113} zt} Endo-polygalacturonase(PG-I)&
7 pH 2 40T ol 4 30%-2F 231918 o pH5.0
F2ollA 7k dAE o pH4.0~6.0 oA
= 80% o)l HELA S Rl g9
E5o] el Mcllvaine bufferEtl®  sodium
acetate bufferell A gt&Ade] ¥ 7tk Exo-polygala-

Table 2. Substrate specificity of polygalacturonase
from Ganoderma lucidum

Relative activity (%)

Substrates (1%)

Endo-PG Exo-PG
Apple pectin 100 100
Citrus pectin 89.6 85.6
Pectic acid 97.3 38.6

cturonase(PG-I®] 7$% endo-polygalacturonase
(PG-DF A2 frAlsled pH 3.5~55 H el 4 80%
ol el AEHAL fAFHoH, A FeA
endo-polygalacturonase 2.t} gtAAdo] <7t F&
AgFolgiet. & A EF pH504A 713 A7t
XS A3 AT} o) Condothyrium diplodiella$}t
Aureobasidium pullulans} 4.0~6.0 ¥ $]2] pHell A
vl HAsrle Hiuel §ARRE Aol
(Endo, 1964; Sakai, 1985).

H oHEM B AaEd] o NS AEI]
Yl EArNS o] XA BESPHA HAHC
2 2 3A4E vwt A3+ Fig 12 2 135 2}
Endo-polygalacturonase(PG-)ZS 40C ¢]3}¢8] &%
oA 3057 BA SRS W) B2BH Ashe A9
velR] fdgkont 1oojate] EoMe FAF
7HaE vehe] 50T oA 404, 60T o4 53-ue)
50%<] o] A&t} ubHel exo-polygalactu-
ronase(PG-II)+== endo-polygalacturonase 2.t} < oj
gk o] vl Spale] 40T o)3le &%
e BLFAe] A9 ?‘13}5]2] ”9&2»} 60T
o]ale] Lol A= 50% o] e FHEFAE el
v 70T o A& 30%, 80T Oﬂ/ﬂ-‘.:— 105 o} atell A
50% °l49] &Aarl AgEglch Ishii 5(1972)&
Aspergillus japonicus7} A8 endo-polygalactu-
ronaset 65C, 108 o] b Algkslglon,
Sakai 5-(1985)-2- Aureobasidium pullulans®] endo-
polygalacturonase”} 40C o]3le] £ o4& A
stgj ot 75T, 308l = o] Aol A%
FHdohar W v) it Aspergillus niger?) endo-
polygalacturonaset 45C 7}#|, exo-polygalacturo-
nase 50C 7}A|3= Aol A} R (Hara %,
1983; Hara %, 1984)% »v} gtk
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Fig. 14. Determination of Km value of Ganoderma
lucidum = endo-polygalacturonase (PG-I) for
apple pectin, citrus pectin and pectic acid.

0.8 Pectic acid
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Fig. 15. Determination of Km value of Ganoderma
lucidum exo-polygalacturonase (PG-II) for
apple pectin, citrus pectin and pectic acid.

7|al £0|4 Polygalacturonase?] 713 EojAl e
AE37) 218kl 1%9) apple pectin, citrus pectin,
pectic acid §HE 7]1AZ ALgsle] 7] BolAle
ZA}3F A3}= Table 29} 7). Endo-polygalacturo-
nasex- apple pectin?} pectic acido]Al FL& Eo)
AL vElfgl o citrus pectindll& B4 Eo]A
okl wb exo-polygalacturonaset pectic acidel]
FolAde] F3] Az, £ BAEY A 7)de
apple pectin®. 2 et} Apple pectin® I me-
thoxyl pectin(esterification degree ca. 90%)(Endo,
1965)2. 2, Ganoderma lucidumo] AALSHE polyga-
lacturonaseS-2 3. methoxyl pectinel]l %13}4do)
=& endo-polymethylgalacturonase(endo-PMG) %

exo-polymethylgalacturonase(exo-PMG)E.  FA =

Table 3. Effect of salts on polygalacturonase acti-

vity
Conc. Relative activity (%)
Salts
(mM)  Endo-PG  ExoPG
None 0 100 100
NaCl 50 105 100
100 109 98
CaCl, 1 124 101
5 136 113
10 121 115
MgSO, 1 109 100
MnSO, 1 122 100
CuS0O, 1 69 76
ZnS0O, 1 90 86
FeSO, 1 103 100
Pb-acetate 1 92 57
ek

718 559 €& Endo- ¥ exo-polygalactulro-
nase?] 7] Z4] apple pectin, citrus pectin, pectic
acidZ 0.2 M sodium acetate buffer(pH 4.0)¢l 0~
5mg/m/2 FEZ 7}3le] endo- 2 exo-polygalac-
turonase AL A3 7|A9 FE4 FNE
2] #AE Lineweaver-Burk HHf(Lineweaver 5,
1934)ell wet plot & ZA¥= 77} Fig 14 2 159}
2}, Ganoderma lucidum©)] *§2FsH= endo-polyga-
lacturonase®] apple pectin, citrus pectin, pectic
acidell @&t Km %% 7tz 144, 2.01, 1.78 mg/m,
Vmax & 255, 23.1, 23.5 yM/ml°]$1.2.9, exo-po-
lygalacturonase$] apple pectin, citrus pectin, pectic
acidell gk Km =& 2+7} 106, 31.8, 35.0 mg/mi,
Vmax *)+ 41.3, 98.8, 52.5 yM/mi¢]| ¢t}

2= ion2 8 2 <% ion°] endo- ¥ exo-
polygalacturonase®] &EAIA o] m& 93¢ 7
E£3}7] $)8t¢] NaCl 50 mM} 100 mM, CaCl, 1~
10mM, 7|e} 2% ione 1mM =2 718 2
= Table3st Zc}l Ca*t iond} Mn** ione
endo-polygalacturonaseel| 4, Ca* " ion:2 exo-poly-
galacturonaseoll ] 27k A4S SA1EA 9
W, Cu*", Zn™*, Pb** ion 5-& EAIAHL A
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A1zl

E 24N g6 s F 1 594E el
2w Catt ion® A% 1mMely} 10mMHETIE 5
mM FEolA A4 A i F &4 anE
ehigich ZbE w|AEe] AAakshe polygalactu-
ronase®] #Ael| v|A= F45 ingel dF}E A
HRH Erwinia caratovora®) polygalactufonase—‘&
Na*, K", NH,* ionell ojs} =g #bd
Cat*, Mg**t, Ba™" ione &2 &3} glged
(Nasuno -5, 1966), Verticillium albo-atrum2] en-
do-polygalacturonase Hg™*, Cu** ionel] 2)3} &
Aol A=l om(Wang 5, 1970), Trichosporon
penicillalum 2] endo-polygalacturonaset- Ag™*,
Ca**, Co™*, Cu™ ™, Hg"* iondl| o3} #Asi=x K+,
Pb** ionel] 23] &z2l%gom(Sakai %, 1982),
Galactomyces veessii= Ag'*, Ba™*, Ca**, Cd'T,
Cu*t, Hg™*, Hg' ionell ¢}3] A3} ¥=(Sakai 5,
1984) %, 72 polygalacturonaseql 74-%-o% n| )
29 5ol W 4ga Aol vhehin itk
:164L+ o] 5(1976)7 A(1978)> Fehietela 5
A&t Aspergillus sp.25€ A4H endo-polygalac-
turonase’} Ca™*, Mn*" ionell 2]s] &AJo] x|

solvke Hiehkes #ARRE Agelsich
m =

Ganoderma lucidumo] ~JAFsH= polygalacturo-
nase?] {88 weks 913 mie] BEAS A
317] ¢jated vjAultE RN E] E4F BAsta A
Azt 1 BEAL AES A= o5 ok

Endo-polygalacturonase+= wjj okoj e o 2 H-¥]
ammonium sulfate 34, Biogel P-100, DEAE-cel-
lulose, Sehpadex G-150 column chromatographyell
oJ3le] Mo g AHAF A, Sehpadex G-150
column chromatographyell 4] re-gel filtration7}%]
AAIg A3 specific activity”} 892 unit/mg pro-
tein® wjofoiHHie oF 56ule] AHATE viefd]
o™, exo-polygalacturonaset= ammonium sulfate
A A, Biogel P-100, DEAE-cellulose column chro-
matography7}A] F-EA A3 Az} 9.2u] 9] HAEE
vebct. SDS polyacrylamide gelollA] #71d%
& AAE A3 9 bandE veblow, Exg

2 54,000 daltone}¢lt}. Endo-polygalacturonase2}
exo-polygalacturonasex citrus pectine]i} pectic
acid®.t} apple pectinell Z3=7} =9to ], Line-
weaver-Burk plot2%-€] A4 apple pectinel ©f
3 Km #+&= 27 1449 10.6 mg/mlo]glc) o] F
&9 24 HA pHE 400132} pH kA A
pH 4.0~6.021 4,
exo-polygalacturonaser= pH 3.5~5.5 WA <k
Astedcy. aAukS #H A X+ endo-polygalactu-
ronasex 40T ¢]¢] .21} exo-polygalacturonaset- 60
T Hole FAE el A X exo-po-
lygalacturonase”} endo-polygalacturonase®c} o
=2 X AE ¢kl E8 endo-polygalac-
turonasex> Ca* " ion# Mn*" ionel, exo-polygala-
Ca™* iondll o8 AARESe] &3

& endo-polygalacturonase+

cturonaseo| =

= ek
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