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Production of Pectin Degrading Enzymes by an Apple Blue
Mold, Penicillium expansum 0-385-10, and Their Properties

Nobuko OHNO, Miho OKADOME and Chin LEE

The productivity of pectin degrading enzyme in an apple fruit blue mold, Penicillium
expansum and properties of the partially purified enzymes were examined. In the pectin—
inorganic salt medium, the organism produced extracellular polygalacturonases. The activ-
ity of total polygalacturonase in the culture solution was achieved largest (1.56 U/ml),
when it was incubated in the medium containing pectin (2.0%) and ammonium phos-
phate (0.5%) at 30C for 4 days. Two active fractions (polygalacturonase I and II) were
purified from the culture filtrate by DEAE—cellulose chromatography. The optimum pHs
for the activities of I and IT were 4.8 and 5.5, and the optimum temperatures were about
40C. Both enzymes were stable within 0~40C and pH 3~7.5. Their activities were re-

markably inhibited by 1 mM Ca** and 1 mM Mg**.

Key words : apple blue mold, apple fruit rotting, Penicillium expansum, pectin degrading

enzyme, polygalacturonase
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BEFIA T IF Y O—DY ) YEEET LY, 20D, KHIZLD) ¥ TREOHEK
2BCZ it WERLOBELRELLZ-TW5, ARHOEF L RFFEL OMRERE LA
BRI, ABEF VIR F VR LTCOATICENL, VY ITHERBOERRS 7
WI—Z, TN b—RA, AZU—ZRHALTOABRRRETHLI L, ARICLZ) Y
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P expansum & 3R, PHERRERD) I, A FT. TFY, LI AR ELIRER
HEOBYIFRD B IKE H CIRE Botrytis cinerea DAEET ABROEW., FIZp-rvav
F—r) y TREOFBCGAFICEE L THMAHRED 2SN TnE Y, L Ladb,
P, expansum 22T, HWOMBEEIZE TN TV A2 HBREEL, FERT L LThAT#H
BROEBIIHLTERERED X I ITHEEBT P20 TR, THETIKHLMIZEINT
Wz,
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FEHEKRE TORE
ftAFERIE, EYEERENEEMNTEN L Y 55 &7z Penicillium expansum 0-385-10,
MR-213-338 & OB EERFZERT 5 & 55 5- & 7z Penicillium expansum IFO 8800% FH\»7z,
BBk, BT -7 FR b —REREHEH G, 30CT5~ 8 HHMEREEZITV,
4 COBIRETRE L7z REFBIKIZ 2 7 HEBICHRRRERE L
AR & L OIS A
Bid, Ao T BAERIEREICERERE 2%ICRHIH)CHEMLALDO
#121C., 205 HOLBTF A= M7 L—=7IC X DBFE AL THREL 72
MEOLEELARL-OOREEE, UTOX ) I4To/, LEFEHO0mI%Z 100mIF=HA
75 A ANIZS DI, BEREKRO AR TEER (B8 X £10° spores/ml) 0.2~0.3m
128 L, 30CT4~5HM. 180rpmD B TIRE L TIT -7 &b, SARTHEHR
X, 5~S8HREERLAET F—FF X bu— 2BRHEREEICHEARHI0mIZ 2 TH
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BEHUO-OOERIIILE=ZMAT I XA TIT300mIDRT F ¥ % 2 %E b EREHR
EAN, BB EAHToORAMKLER L, 30C T4 HM180rpm H x5 TR E R
2L
R R ORS

FERORRERICB T 2BEEHOWEICR, LERBREZELITELT, Bohl kiE
e MBERIR E LCTHW 2,

¥/, BERERAMBEERIZ. P expansum 0-385-10%. 4 HEIREEL CHE LN KE®E
FIEBIZ80%MME LB EHIHBT YTy 22 MA DL, #L58 (20,000 g, 15
min) 24TV TOEBWZ. 20mM Y ¥ HRERE (DH6. 3) ISIEME L. BT (Cellulose tube,
SHMHE) ZHVT, 4TT, BB LTHEABEL
BRI

Ry FF—¥ (RVAIrvatr—¥) OFE%IE 0.25MEEEERE R (pH5.0) 120.5%
XY IEMLIWRERY FUBREEEE L. IhE0. 8ml BERAO. 2mlDR A1)
#30C. 207MESE, EUBITHEE3,6-= bu 7 27 )VEEEY% HvCT450nmic BT
WS ZWE L CTRO 7o BERTEHD 1 BALUNEZ DO5MAT T 14 MIC 1 umol® D-K )
T2y n MY ORI R BT 2 BER L LTRR L,

737 —EERE. 1 MEERRSEER (pH5.0) 122 %0OWEICHR 2 &) ICHER L Es
FUTUBBEREE L, hE30ml BEREHRL omIORBABEI0T. 205 M U & ¢,
HRU7-8THEE3, 6= a7 & VERE R W T450nmic BT 2R EE FHlE L TR 72,
BERTEHO 1 B ZOLMT T 14 EIC 1 umold 7 )V 3 — AL DR oHE % 8§ %
BERELTERLL,

FUIF—E¥RENT—ELEDFEEIZ, B —2BLUF T T 0.005g EEK
0.25ml, 0. IMEEEET MY ¥ AMREHO.5ml% Zh 2R L ERIRBEICE ), ZOLFEI
BEFWO0.25mlZ MR T, 30C, 207 S8, AL E3,6-YV= a7 ¥ VERE
ZHWTHMmMIC BT 2WHAELZWE L TRD 2. F¥5F—¥EHD 1 BALUIX 2 0 &M
FTT14HICT umoldF > a0 —AHYOBRITHEL ERTIBERL LTER L, IV
T —EEWD 1 BAUR ZOFRMATT14EIC 1 umold &)V ¥ F — X A4 038 okl % i 8
THOEERL LTRRL, 2B, IV yB8LPEVu— 23R BN TH B0, 30CHE
A THUE & 2 BR21Z. Monoda ik & ) BH M L TF7 - 72,
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NI EDER

N BE FMETNT IV EBREE L TLowry PO FBETHE L7z, 720 BR
BETO, 270a< 7574 —BHEOF V87 Eid, 280nmiZ B 2WAE L BE L TK
L OYARS
RUHS7vAF—EOBHER

ERDEN NI E D S A U FEE R Tk L 72-DEAE-Cellulose DE52 (Whatman)
AT H ($2.0%40cm) (WA S, FREHRTHRELLZODL, EWLF MY Y AOERMRE
AR (0 ~800mM) OB AT, EH Lz #5hAEMRE S Z RV EREE (Cen-
triprep 30. Amicon) X o TEM L7z COBRMBZFRBE R TD 52 LOFELLL
Sephacryl S-200 HR (Pharmacia) %54 (¢1.6X100cm) (X A7 V&L, WHL
oENES RS, BEOMELRARLD0F Ve Lz,

KBRRER

P. expansum 3EHORBIEECH T IBROLE
ARFFE & 135S, §TIZ P, expansum DX 27 F ¥ 57 fEEEFZ OMBIA~ DA FE B U CTld#Ht
HENTWE2™Y, BROFMPNRS F U rBRBRUNORE MR L OBEIZLT L
SHLMZENTW RV, 2T, ¥9. P expansum 0-385-10. MR-213-3. IFO 8800
D 3HWHRICOWT, BHRIRE IFERICBIT LR TF 7y at—EOEEL TN
RIFUERFERE LR T, SWHRIEICBEFRETLRLY, C0O5BICHET S
RY A5 Y0 F—EIi30-385-108725, MOBRELEL T, BVEEEEZR L, 72,
REOEERIZ, WTFhotkd, BEAHAT, RKIGEL, Z0#%, 2HIKET L. 2
DRERE D, YT, 0-385-108k % B Y LV FTHRET & el 720
FEOBEELRFBEL LT, VYT Y ES Y A2 BFIBE T2 EREREBE AT,
O-385-10bkDEER L EM 2 Tz RBRIE, RZF VXTI UV RRFRBFE LI2HE,
EFEVRIFCT, ¥BESHT, TRFNRRIF I 7V aF—EL XI5 —VREEL, &
Ma—AxRFRE L72RE, HEIOHET, ¥rIle VT —EDEEFRONZ, 7
I—RAERFRE LB TIR, Bid LX) CAROAEFTEIARRT, ChoDBRZARE
LZzdo/z (Table 1) ABFOLT LR ChholcF vy 7R 70— A% RFERE
LB BnTid, BEALTIT—ERA URVY —VOEENRDON o7,
)Y ITREDOEGOP TN F 2 MOBEOLHEE LT L LT, %< Oz’
LTS, 206 OFEPERRROEE R UBROAEIZRITTHEIZ OV THN,
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2%R7F UV EEUCERERIC, FVIA—-A, A7 —A, INI—RA, TVI7 P—A, &
VWO—RA, Fr7o, IV 0 2FNEFN2%OBETHRML. X7 F V2 BMTELRE]
TOBEOEER LK Lz, RVF T vur—¥0&Eid, 7V a—XLSoOREE M
ZONTVARERTIX, R/ F VAR TEGRBTOREAERLIZIZALEs7, Th
SICH LT, ZFVI—RZHEMLEBTIE, HOATREL LY, BROAELHH S
5T Mol (Table 2)o

0-385-108RIC & BBEHZ D EREII B DEEHOMBEPHICOWTIE, 2% F v &tk
AR Z I 72A. pHA OISR L BHICBWTRY TS 2 vat —E¥oAEIIRAKIC
EL7 (1.56U/mbo BEHICHEMT 27 F Y OREIZOVTIE, 2%DHEVBEROLEE
PERART, 2% EOBETRMENLGE, BHOBESZBIC LA L, REEEIS T4
WT& %L kol

BRI 2 %R F VR ORI, EEOBEL0.5%DBRETMEZ. Thth
DRV AT 7 yaF - EOEEIZOWTHEBRE LR, RERIC X 2BROAEIL,
BT 2 V2B T, BB RHFTHo7 RIT, RUNRT b r2HWREHIZ, BEO
HEBENEP-TDII L. EBEREEFICOVTIE, VBT Y EZY A, RET VEZY

Table 1 Effects of growth substrates on production Of
enzymes by P. expansum 0-385-10

Growth substrates Activity (U/ml)

Enzyme
(2%) 5days 10days
Pectin 1.446 0.115
Polygalacturonase Malic acid 0.110 0. 008
Glucose ND* ND*
Cellulase Cellulose 0.091 ND*
Xylanase Xylan 0.776 0.592
Amviase Starch ND* ND*
y Glucose ND* ND*
Invertase Saccharose ND* ND*

The organism was incubated for 5days and 10 days, respectively
under conditions described in the text.
ND* : Not detectable
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ATETOBEOLENRD LN, MOEBRERFECOEERIBO THhTHLbOT
Ho72,
RUAZ7yOF—-EOER

R7F U REFRBE LU TEF &P expansum O¥EELFER LD, RUFSr7voF—
YEESHRL 72

Al L7 BORBUR AR T, 4 HERE DR L TR O NER LEIC, kT v E=
TAEMAT, TOLBWZ —BEN L7ze £OWNBKEZDEAE—t )V 17— ADE-52 (What-
man) % 7 AICHE S, B> M) Y AOERBEARTER L, RYFI7ya)F—
EoEMIE, EheEh 752 ¥ a YNo50~100&£Nel125~150 (RY A5 vadF—¥1L1)
WWHEHMLTE (Fig Do 251, ChHDOERETZEFNEFREDER LD L,
Sephacryl S-200 High—Resolution (Pharmacia) #H\W T, FIViEBZT o720 L EDOEHR
BEOEK ZTable 31 IR L7, YVIEBLTHONLWEREE X, KT 7 I V7 3
FERKEICTH—RNNY F2RE Lo 7

DT, oG REEER 2 HVCBERLENHEEE IO W TR L7
RUHZ7YOFr—EOBERLEMEY

2EEORY A Z 7 vaF—EIZOoWT, pHOBFEOREWEIZRIZTTHEBL., 100mMHEE
MR (pH3.5~5.0), 100mMY) » BR#&E i (pH6.0~8.0). 100mMRERT + V) 7 A%k
i (pHY. 0~11.0) ZHWVTKE Lz KUK I yud—¥I1LIoR#EpHIIZNZ
N4.8L5.5ThH o7z BEOREMICRIZTTpHOHEBIZOWTIE, MEEREL0TIIBNT

Table 2 Effects of addition of carbohydrates to pectin medium on
Polygalacturonase production by P. expansum 0-385-10

Add;(ié(i)ui)nectm [(\5?237 Final pH Growth
None 1.344 3.70 H
Glucose ND’ 3.85 +
Saccharose 1.661 3.78 +
Maltose 0. 867 3.72 +
Fructose 0.994 3.97 +
Cellulose 1.551 5.43 H
Xylan 1. 057 4.26 H-

The organism was incubated for 4days under conditions described in the
text.

* 1 ND, Not detectable

+, Worse; #, Ordinary; #, Fine;
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0D BRI TA ¥ F 2= L2, BRIEEE £ EEERREECRD I, RYFS
svuat—+10 (pH5.2~6.8) ZRIVFS5r7va+—¥1 (pH5.2~7.2) LHRT, &HF
T HE OpHIB TLETH - 72,

RIVFIr7vnatr—¥1LIoREREIX ZIZFR LT, 40CTHoz. MEELIX, 50T
PLEOWRET 1 BHMAT 2 &, 2o OEEEABICET Lign 72,
RYHF7raF—¥1LIOERICRITTEEA > ORBERA . B, BMLA
SBRA L I TRTEMWIEEZH TR Lz (Table 4). BRUFS 7 vudb—¥1&1
. ERA A Y ImMOFAETICBVT, Wil e bCa® EMg” 2 MR BT R S8  HES
M, T1352.5%&74%. 11357% &£ 80%I\2 % TENZNIFEHAET L7,

% w

Y v TREOBME Penicillium  expansum i, Jh HFICI@EL, BE, Vo TRES
B 2HEBER L 2o TWwd, KWIZE DY) Y TREOEMT 25, 1510, REMMREEL
BT L2BEEZRH L COREF L ZONRBEROERE L OMEIZOV TR, HSMIERT
WRWEGHE LRI TS, R L. AHIZY Y TREORADOEER S TH BT
WY (FVva—2, FVs b=, A70—2R) ZFHLTOEEIART, REtmE
B (R 7007 FY) 2FALCRIFICABTTAIL 2R, ¥V 7 U RBEIRE
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Fig. 1 DEAE-cellulose chromatography of polygalacturonase from P. expansum O-385-10.
Samples were prepared from culture the filtrates of P. expansum. Proteins
were eluted by a linear gradient of NaCl (800ml from 0 to 0. 8M) at a flow rate

of 30mi/hr. in 20mM potassium phosphate buffer (pH7.5).
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Table 3 Summary of Purification of Polygalacturonases produced by
P. expansum 0O-385-10

Purification step Total activity Total protein Specific activity
Q) (mg) (U/ng)

Culture filtrate 1, 867 1,905 0.98
30-90% (NH,).SO.Sat. 90 720 1.25
DEAE——cellulose DE-52

Polygaracturonase 1 750 175 4.29

Polygaracturonase II 184 60 3.03
Sephacryl $-20

Polygaracturonase 1 35 4 8.75

Polygaracturonase II 13 2 8.33

DHRBOMMEEZ BT 2, X7 F U HEBRIMBHOKE L ERT 2B 2 T hThiF
DZEEWLPIILTE, o BTFORFLINOERLOBEIIOVTETOMRE
HELTWAEY,

Y ITORE L BHARHEICE L CEERLERNICHMIC SR T A HITIE, M4 DREITH
BEDLSTILEFAMON TV ELINEOHER TH 5B cinerealZB VT -7 vay
F—BREIIHWEN, ABERICLLENVT—ZADOFHEHRY) ¥ TREOBHUCFLMEE L

Table 4 Effects of metal ions activity of polygalacturonases
Each enzyme was incubated in 100mM sodium ace-
tate buffer (pH5.0) containing various metal ions. After
2~3min incubation with each metal ion, the remaining
activity was assayed.

Relative enzyme activity

lon added (%)
(1mM)
Polygalacturonase I Polygalacturonase II
None 100 100
Fe** 107 101
Cu*” 102 102
Mn** 101 98
Zn** 100 100
Hg™ 85 91
Ni#* 104 94
Ba** 101 100
Mg** 74 80

Ca*™* 52 57
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HLTWBEoWmE»H LY,

P. expansum DX A5 70+ —LIZonwTIiECa¥ 4 + V2 & 2 ME 2 hiic#iE sk
INTVBEA | BERAFHIHEIAHL L ZAHRENTW S,

ARFEIZB VTP expansum O-385-10F ARG F ¥ i FIF & L7 ERIERRE TR
7 F v IREER e WS AERE L AR ORREHR O 20K ) I 7 vad—¥ (I,
1) AESHER NI, WEEEIZ, DEAE-t VO —ADE524 + v Rfera~< v 757 4 —
TEHIZ2ODERBSICANENT RS 220RY T 7Y ut—EOpHRIREIZ
e sMEIE, ChETOMEYHKROLZLOR)FIryur—XYEHELTH T )
BV > Tholze TNIIHLT, P expansum \ZHET S 2HOR)FF r7vutr—+¥
. BN Cat A A ik DB HEI R,

) Y TREDQKEBE P. expansum 122V TiE, AHFFE S & o TR ORI 2 R A
b ENTe —T HESNIRIF V2GR THRI A 70 F—EiZonTik, H
FEOBRMT, BELLTTITEHEINTWEC 1+ VICL B IEHHELBRVTHED D
AMERREEN Lo, 5Ty P expansum DY) ¥ TRE~NOBFEH 2 BEOERD
—DIMAARDO RFFEOM AN L BULREREHLdDETFEIN, ThHzd i,
RS, P expansum & AEREINSY Y ITREOHIZ, MEZHBKT 5 SBEBICBT 54t
REROFEME. - 20MKGMBEROEELZEZHOLNMICTLHILE, SROEELR
HTHHLLEDICHKROBINDLEZIATHLELEEZLNS,

2 0

) v TRFEFH URRB Penicillium  expansum DEZRDEFE L X7 F Vi BEBEEEZREE L.
BERALFIMEE % W72,

HRERIZ, N7 F -EEEEE T, RBEREIC, BEREOPIS, RV T2
YOS —VEEEL. ABRHREEZRFELLTY VBT YEZY L (0.5%) RZF ¥
(2.0%) EUCEBEERBZHAVT0TIZBWT, 4 BHEIRE SR LAHE, HERP
DERYHF S 7 vaF—YoEsiAk (1.56U/ml) 13:E L7, BERBESH» S5DEAE—
VA —R20% 57 4 —C2o0ERES (RUAF77vur—EI. I) 2HRL
2o TRENRYF S 27 vuF—¥ 1L IOEROKBEpHIZ4. 8L5.5. RBIREEIXF L <
0CThHolz, MEEFEL D 0~40C, pH3 ~7.50#HPATEETH o720 MEBEROIEMIT1
mM Ca?*. 1mM Mg** |2 & o TERENHK50~60% & #170~80% £ TIZRHE I Nz,
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A2 RITTHIZH72) . Fide TBE% O CICERE N & TH - T AR EEHE
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