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Production of Pectolytic Enzymes by Penicillium expansum

Nan-Young Kim, Kee-Hong Kim and Chang-Un Lee
Department of Horticulture, Yeungnam University, Gyeoung San 718-749, Korea

ABSTRACT: Isolates of Penicillium expansum with reduced pathogenicity were arbitrarily selected
among benomyl-resistant isolates in order to investigate relationship of their pectolytic enzyme
acitivity with pathogenicity. In artificial medium, strongly pathogenic isolate S; and weakly
pathogenic isolate R, produced considerable amonts of endo-polymethylgalacturonase, endo-
polygalacturonase, pectin methyl-trans-eliminase, and polygalacturonate-trans-eliminase. No marked
difference in enzyme activities was observed between two isolates. In apple medium, the activities
of endo-polymethylgalacturonase and endo-polygalacturonase of isolate S; were over 6 times
higher than those of isolate R,. But pectin methyl-trans-eliminase and polygalacturonate-trans-
eliminase did not show a great difference. Activities of endo-polymethylgalacturonase and endo-
polygalacturonase precipitated at 80-95% saturation of ammonium sulfate were highest, and ad-
dition of these enzyme solutions increased pathogenicity of weakly pathogenic isolates Ry 4.
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YRR oshel A= pectin & S EEE
He fEWHfRe] MidIES i ggd
pectin B-& srfEstod MRS AUHA 7S iR
B BbAAA FEHE FHol AT + e
v 94%% grh(Cole 5, 1961 ; McClendon
%, 1960 ; Wallace 5, 1955).

19684 Bush 52 endo-polygalacturonase
(endo-PG)$¢t pectin methyl-trans-eliminase
(PMTE) = #FFife] MAuies #{bA7)e B
F# ol Y} pectin methylesterase (PME)$} ex-
o-polygalacturonase (exo-PG) = #fliBfZe] &
ol5x] v AeF ®usledch, Barmore &
(1981)-2> Penicillium italicum o 7335 732
A endo-PG & ¥, Ao o EEER7}L M
fah#es SEsted AP BASEd 8 29l
o] "ok deiet, Bush ¢ Codner(1968)= P.
digitatum 2| ¥} okoiZHoll 4 PMTE & 271319
3. Barash ¢} Anegel (1970)& 71 Bifdol| 23}

of 7+d®] 7HEolA exo-PGE FElshsiot #
Mugkibol SloiA] o5 &g oldshxl @&t
Spalding 5(1973)% P. expansum ©| H+E =
A& oo} ol FulRlell A wlokd o Polygalactur-
onase, Carboxyl methyl cellulase = Pectin
lyase & JAFsl5d 2™ galactose, raffinose, glu-
tamic acid 5ol 25} o] & BERAIAbe] A= 3]
cha stgiomd -2 el 2Hd® AkatellA Poly-
galacturonase &} Pectin lyase 7} AakzA o] 3
dlof aAfel] ¢ e ghoha Sk

AL A FEEele] 7 Pectin® 4
REERS S 2AElEEA HYAd el
7122t ag izt AAEH,

M A &

LA EFE AFA benomyl ol thele] B
o] Qla JEMEe] g S. TFeF AbwAlel =
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itEe] om JEEKe] & R,~R, #5F% &
AgAA Fu] B3 FQ TF FollA] g
AH&8Hod e},

Pectin @ SRS A=Al A" %
#iZ]&  citrus pectin # polygalacturonic acid
£ 713 71 E5719 % (Spalding 5, 1973) ulix|

2 3o}, wiAE 250m! A4 flask ol 100m/
A sEsle] B F FATY BT (5X
10°spores/m{)2 4mi4 AZsIdc}t, )AL
25ColA frgszsle St YA A7 74

22 7Ave] Whatman filter paper (No.1)E o

Haled FAAE AATL o] ofnelg crude

enzyme &R0 2 3¢}, =3k AlujulA] (Spald-

ing &, 1973) pH6.82 0.033M sodium
phosphate buffer 150m/i ol ¢4 - Alztzl%
200g & Léi mixer £ 287t 248 & o|HE &

Brigell Wi 4CellA 187} Bt FR4-2 B

ARk, #EwE ALl ZEEII9FE Aot

stgom wixle] AHE, AHEFE, AZHe w9l

o= 7ot AL whi oz AAjalgl

Pectin B 2fEER2| EAMZAL

1) Endo-polymethylgalacturonase & 4=
+ pectin9] AE7FAEo] 2319t (Nagel 5
1962) %/HO 4N 1ml°¥]~»]o]—01 7];<1_g] zh:
+ 50% #acl7ledl e A E)Y 942
AAksld e},

2) Endo-polygalacturonase 2| %Kél?_t 1)<
el whe} 4381l ed ohat 7]A2 pectin o
Al polygalacturonic acid & A3t c},

3) Pectin methyl-trans-eliminase & ZA =
= pectin &} #3415l 3 thiobarbituric acid
(TBA)H-E 443 %4 (Ayer 5, 1966)° wa}
ZA43At}, o] AL lunit+ &AW 1mlol 9
3led 30°Coll A 4417k HES-Sl= Eobol] IRIEEE 1.0
< W37led o F4ko 7 Fgit)

4) Polygalacturonate-trans-eliminase ¢] 3
=F 3)9] uhel wel EAsgon ot A|A
pectin tHAl polygalacturonic acid 3 A3}

o},

Ammonium sulfate fractionation ol 2| 5t

Pectin B 9#%EERS| €4

sl okod Mol &F-slo} glE Al

;& f“lo O_|_.

0~95%7+2 4 <A (0~40, 40~60, 60~80, 80~
95%)%] ammonium sulfate & 3427t TR
e JAEEsle] 3 olAS 0.05M citrate-
phosphate buffer (pH 6.5)0ll #EAIZ] & 7H2
buffer 2 sl-&4 &t FEFAIR. AElwES
AAEE s AAY F olAE —20CalA Bt
3l 7t F4e] AL A% uhoz 439
on] chlAl §2ke Lowry 5-(1951)9 whio]
ule} 433,

AR ool B wiEld: #ME

RSl vl ool ol (Al3hulA])E  ammo-
nium sulfate 2 A4AA (0~95%), iz #H
B ReMEtkel ERMETTY RTRE
W (AX10°spores/ml)-2- ZAIZ F Fiwsd
Atztell 4mm o] AAE Wi FFEA, olAE
27ColA 5%%F it ¥ #HuiAAE S99
o}, o] o zTEAE HEFSA g2
F A8k

Bm R

Pectin  2BEZRe 84

1) Endo-polymethylgalacturonase & §4}

QlFulRlo A RESEMERRR (S,) & widdTrt &
ool wz} #Alo] Frlslo] 7UAl 11.0 units/
miX10%]% 2 9¥8AelE 153 units 2 7+ 3k
o}, EHUHEHRE 22 Aoz 9dA 12.5unit
2 7 wskeh, zEh Al ol M SR
o] ZAol 740l 16.6units 2 3zl o
v 99AoE 83units Z 4Gk, ukHo)
PUMEEbRS] 4342 28units oo Fr)E
7 %3 23kt (Figl)

2) Endo-polygalacturonase 2| 34}

AR N A MR T2} 9G] 7+
7 713 125units/mix 1039 A e
x EFEERE 2 6.29F 11.7 units 5 JERY
of F T2l Hl=q A Bck, 2y AL
| oA B R E 794 12.5units E 3
o] ZAE ¥ql F 9dsol 11.1units 2 FH23}
o} g E4do] Yol 23umits E T 7
F7koll zte] & vEPSI L (Fig.2).

3) Pectin methyl-trans-eliminase 2| A4}
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Fig. 1. Activity of endo-polymethylgalacturonase
produced by benomyl-sensitive (S,) and resistant
(R,) isolates of Penicillium expansum cultured in
artificial (S,:-O-, Ry:- @-) and apple (S;:-3-, Ry:-m-)
medium at 25°C.
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Fig. 3. Activity of pectin methyl-trans-eliminase
produced by benomyl-sensitive (S,;) and resistant
(R,) isolates of Penicillium expansum cultured in
artificial (S:- O-, R,:-@-) and apple (S;:-0-, R,:-w-)
medium at 25°C.
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Fig. 2. Activity of endo-polygalacturonase produc-
ed by benomyl-sensitive (S;) and resistant (Ry)
isolates of Penicillium expansum cultured in ar-
tificial (S,:-O-, Ry:- w-) and apple (S;:-0-, R,:-@-)
medium at 25°C.
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Fig. 4. Activity of polygalacturonate-trans-eli-
minase produced by benomyl-sensitive (S;) and
resistant (R,) isolates of Penicillium expansum
cultured in artificial (S;:-0-, R,:-®-) and apple
(Sy:-0-, Ry:-w-) medium at 25°C.
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Table I. Pectolytic enzymes activity of fractions
precipitated with ammonium sulfate in culture
filtrate of benomyl-sensitive isolate (S;) of Peni-
cillium expansum

Table II. Change of virulence of benomyl-resistant
isolates (R, 4) of Penicillium expansum by sup-
plementation with partially purified enzyme solu-
tion of benomyl-sensitive isolate (S;)

Specific activity
PMTE PGTE protein

Ammonium sulfate PMG PG

saturation (%)  (units/mgx102)  (unitsimg) “&MY
0-40 65 128 308 17.7 30.5
4060 . 159 202 322 163 174
60-80 340 362 299 144 184
80-95 410 683 292 143 195

PMG: endo-polymethylgalacturonase.

PG: endo-polygalacturonase.

PMTE: pectin methyl-trans-eliminase.
PGTE: polygalacturonate-trans-eliminase.

el A BeZHRERS] T4 vikdsrt
ol ol wet F7ksle] 9dAlol= 24 units/miX
1028 Vel EpiiERiks 2 B el
Wloh 23 7TUAREE REUEkELT =
& BAS 1onh, ARl E F OBk 2T
745 23units & 9 4L Hel T 7431y
t}(Fig.3).

4) Polygalacturonate-trans-eliminase ¢ Aj
AL

gzl REEMRRE TdA 16 units/
m/x10Pe2 19 245 2l § 9= 13
units 2 ZHAEglo} IEHMERE wldd4o)
Eoldol web o] Frlsle] 9dAlolE 25
units & HERISE, =3 ARl = £ F
F B5F wlkdgr) goldoll ulel Eagio] &
7}s]o] 9o RESMEMRE Junits QT HEHUM
Htkel &42 12 units o} (Fig.d),

Ammonium sulfate fractionation oi
Pectin H S8R &4

Endo-PMG 8t PG & 80~95% fraction ol 4]
7P =2 4L delle] 22 419 68.3 units/
mgx10%2|gevt PMTE & PGTE+= 7 frac-
tion 7hol] W x}ol7t @1giw}(Table 1),

WEFER Fnoll alE REE Mt

Ammonium sulfate & G447 Qoixl HHEE

o &

Diameter of lesion (mm)

Isolate

control  0-40 40-60 60-80 80-95 %
S 20 19 19 19 20
R, 8 10 11 12 13
R, 8 9 9 12 12
R; 8 10 1 12 12
R, 8 9 10 12 12

Control: apple medium only
%: ammonium sulfate saturation.

FHos 7 139 MPEBRS A At
ol HEY A, BEiEike =T ¢l
wul 4732 el gl ey iEfiEkRE Tt
8mm <lel wE  60~80, 80~95% fraction A1
12~13mm & ¥k A7 ] F7t= ek (Table 11).

Z B

REMe] oh2 F TF7lol pectin® SHREER
o] 4L AR A I3l ARk
ek S, ek Rt ot R, Tk a4d
Joll & zbo]7} QAlaL vkt Foi ol wet
F 75 2% 543de] FkEAH, olHd A

£ ol Ful Aol {Ea Tkt RERol o13A
ok7] Wi o] Aol W goki-d 7] Sdl
pectin B< Fallalof stmz o]F Zio Ao
5 FF7kel wlssAl vepd ez Azl
(Bateman 5, 1966 ; Keen 5, 1965), &1}
Ao F FFER ZARA ol E
vellel endo-PMG 9} PG 9 34L& k]
743 S5 HRlAdel o RyF TR £ i
o] PMTE ¢t PGTE & F 53k & o7}
gdeh, A3 BEog atE AlbAlelAE MY
ol 715 AYA] BArsle pectin® SRR =
AtstzAo] Fof 9l pectinEE AfEstd A4
of e FoFE-g odejo} dtoz HEMA UA
g BA 7L Y& Aelth(Wood 5, 1955). o=@t

N

>
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pectin g SfEEERE Fol endo-PG2} PTE &
7155 A7) 4o PME & exo-PG &
AstaAel Foisx] Yv eE Buse] gt
(Bush %, 1968), *3 Barmore 5 (1981)%
P italicum o 739% 7VE14 endo-PGE ¥
2], AASld Agg A3} o} Fael o Hieth
o] Fall7l WHE A 7|edsts F83F gqlol
el sloleh, webd 2 Aol AREH F o
F7kel G4 AolE vERH  endo-PMG
o} PG} #HdAel viAHE geg opruzt
ammonium sulfate & 345k odojxl HEFERM
S FsleS o endo-PMG 2 PG o #4e]
=A Jeld 60~80, 80~95% fraction oA vi<]
o) okl IEPUMHMRS] wiubzAde] FrhEole
v} PMTE$t PGTE @ Aol »lmA %9kl
0~40, 40~80% fraction o4 ZA F7t¥]=] ¢
ottt o] A= endo-PMG & PG 7} 71524
S g7 HelAde] oFet EPUHERERS] A
Skl Egel ® ez AzEe Wid F
(1982)) 7ot Agsisict, webd  endo-
PMG ¢t PG 7t P. expansum & W04 #3lol
JEE viAE e AladEc), av olF &
45 s F3fsle] REMERS 44T et
detar AzkEich,

m =

A F2gatol G Penicillium expansum 2
benomyl EPUERER B el <d3E FFF
AEslod pectin g syREE el 242 FREMETES
HAE dolrodet, clguixoie Heldel &
& S, Fe) WdAde] W R,F7h endo-po-
lymethylgalacturonase, endo-polygalacturon-
ase, pectin methyl-trans-eliminase, polygal-
acturonate-trans-eliminase 5 A4 A5k v 5o
F7rel BaBAdol el #Ag Aol %
o}, Azl Hel e Ak =5 AL
59 e} endo-polymethylgalacturonsae, endo-
polygalacturonase ¢ 24-& ¥4 el =& ST
7 s dAde] W RyatFrct 69 ol w2 &
412 ¥9 o1} pectin methyl-trans-eliminase <}
polygalacturonate-trans-eliminase ¢ 242 &

apo)7b ¢ioith. Ammonium sulfate 2 34A1A
oo} x| MIEEEWE H 80~90% fractionollA] endo
-PMG ¢} endo-PG ¢ 4] 7P E3kom o
RIS el wHE HEPUMEREARS] el
o) 2ol w]sted F7FEFoAE

2E 3R
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