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Production of Pectolytic Enzymes and Change of Pectic Substances
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ABSTRACT: Pectolytic enzymes were extracted ir apple fruits rotted by Botryosphaeria dothidea,
and their activities and change of pectic substances were investigated. Exo-polygalacturonase(exo-
PG), exo-polymethylgalacturonase(exo-PMG), polygalacturonate-trans-eliminase(PGTE) and pectin-
methyl-rrans-eliminase(PMTE) were produced by the pathogen. Activities of exo-PG and exo-PMG
extracted from rotten apple fruits were high to 21.15 and 24.65 units/mg protein in specific activity
at seven days after inoculation, respectively. Activities of PGTE and PMTE showed 5.60 and 7.90
units/mg protein, respectively, but they were lower than those of the exo-type enzymes. Water-solu-
ble and versene-soluble pectins were 11.50 mg/100 mg-AIS and 7.31 mg/100 mg-AIS at 14 days
after inoculation, namely, they were increased by 4.23 and 2.16 mg/100 mg-AIS over those of sound
apples, respectively. Total soluble pectic substances of rotten apple were 72.4% of total pectic subs-
tances and it was higher by 24.8% than sound apple. Insoluble pectic substance was notably decrea-
sed from 15.32 to 7.16 mg/100 mg-AIS according to progress of decay while total pectic substances
were not changed remarkably.
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Table 1. Activity of pectolytic enzymes extracted from
rotten apples after incubation for 7 days at 27C.

Pectolytic Enzyme Protein Specific
enzyme activity  content activity
(units/m/) (mg/m/) (units/mg protein)
PG 423 0.20 21.15
PMG" 493 0.20 24.65
PGTE* 112 0.20 5.60
PMTE! 1.58 0.20 7.90

*PG: exo-polygalacturonase

" PMG: exo-polymethylgalacturonase
¢PGTE: polygalacturonate-trans-eliminase
4PMTE: pectinmethyl-trans-eliminase
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Fig. 1. The activity of Exo-polygalacturonase extrac-
ted from rotten (-®-) and sound(-O-) apples during
incubation at 27C.
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Fig. 2. The activity of Exo-polymethylgalacturonase
extracted from rotten(-®-) and sound(-O-) apples
during incubation at 27C.
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Fig. 3. The activity of polygalacturonate-trans-elimi-
nase(-A-) and pectinmethyl-frans-eliminase(-®-) ext-
racted from rotten and sound(-0-) apples during in-
cubation at 27C.
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Fig. 4. Changes in the contents of pectic substances
of alcohol-insoluble substances extracted from rotten
(-®-) and sound(-©-) apples during incubation at 27

o

C.

Abbreviations: TPS : total pectic substance
WSP: water-soluble pectin

VSP : versene-soluble pectin
IPS : insoluble pectic substance

7ha] % 2 AlEee Bk 845 A
At Aol "k ofP-g Fsle] dapr) A
Ao 24 22L& Bt Barmore %, 1981;

Ishii &, 1972).

A6l A ARS8 Ab AR W Sw ko] Alm)
of zslsted A wf Aibsh= 459 A% =
©17219] F chaindl rhamnogalacturonan- 2}4
o2 F33+= exo-polygalacturonase(PG)2} exo-
polymethylgalacturonase(PMG)+= specific activity
7} o 7o b 21,152} 24.65 units/mg pro-
tein® 24 FA vepdewd, polygalacturonate-
trans-eliminase®}  pectinmethyl-frans-eliminase
B 7o} 27k 563 7.9 units/mg protein®. & L
Zrdo} gk} Barmore $(1981)8 Penicillium di-
gitatum ol H-HH B4 exo-PGE 2, AA 3
o] A3 Az} o) Aiol 213} pectind 2] LiA
Hal 2 AFEFPY pectingES Aste] FALA
3)-& 8-o|3}A s}, Spalding (1972, 1973)-& P,



110 THE KOREAN JOURNAL OF MYCOLOGY, 21(2), 1993

expansumol] 23] F-3 = AR HE] A pectin
Lyase7} w|=l8}=l pecting ERHo2 Fas}o]
AEE QAsA7)E Eaehs sk 2
o] exo-type] EA FAo] A ueb
ul 2] B o =4S wdAHck(terminal cleavage)
3 015 F Aae V1F Aol el MExA e
odztel E-3o] AH HoJsls AR A7Eh
Bzt AP Fok A pectin¥ -2 784
gheko] 2 pectin®] 724% o) AAFAL £6-
4 pecting Z+astgth Cole S(196DE ol9 A4
gt A2 W a3tol=d] Penicillium expansumol
oJzte] Bl 2bs} Ao A B84 pectin EA o]
70% 7Z}A=)¢)l.e.m Wallner, Bloom(1977)3% Knees-
(1978)%. in vitrodll#] A}}el polygalacturonase S
g 2z B84 B4 Aozt 7184 poly-
uronide®] ke F7lgtriar shdch AW o]
2§ pectin@ 2} HM3E pectin® BMERQ exo-
PG, exo-PMG Sl 9s AEzFgds} Axzud &
A pectino] gl e gy vehd Al 7
o]tiConway %, 1988). utzjx] Aol - go
wtz} 7184 pectindle] Epo] Fvlshe Ae o
PFe] EEA pectin& Fd ko] TSR
24 AEFge A4S A 222 A5
A FAell FANE Eol3 e ZloeE A
Ztglc), ko B o]E AAE W& wiste] ¥y

o] 4% WAE FHY D80} Urka AREL:

o
v
lo
ut

o
©

m =

Atz ZASY R S-HT Botryosphaeria dothideal
o8 Fogl Azl A pectind EHAELE F
Zalo] 159 &4 pectin 42 WHE 24}
slgdtl B WYgdL  exo-polygalacturonase{exo-
PG). exo-polymethylgalacturonase(exo-PMG), poly-
galacturonate-trans-eliminase(PGTE)®}  pectinme-
thyl-trans-eliminase(PMTE)S A 4tsleic) o=
AV}h 380l 4] exo-PGEl exo-PMGE AHZE & 74UA
specific activityZ} ZHZ+ 21.15 % 24.65 units/mg
protein®.2 =74 eyl PGTE< PMTES] &
A& 797 27+ 5,607 7.90 uints/mg protein &%
el ot exo-typed] EaWohe I Ao uigk

. =84 pecting ¥-9)7} R Lol wel 14U Aol

1150 mg/100 mg-AISe] 933, versene-soluble pec-
tin 94 7.31 mg/100 mg-AISZ e} ZdA et
vl @ated 7Zb7F 423 9 2.16 mg/100 mg-AlS &7}3)
g}, Bozte] & 74 H= Feke F pectin
724%2A4 7AxFe} wlawste] 248% 1 ESiTh
B24-4 pectin g Fo7t Ay @z 1532
mg/100 mg-AISel 4 7.16 mg/100 mg-AISE ¥}
A Ztaslgon, & pectin ¥ Z W) ¢

Ak

ZER

Barmore, C. R. and G. E. Brown. 1979. Role of pectol-
ytic enzymes and galacturonic acid in citrus fruit
decay caused by Penicillium digitatum. Phytopatho-
logy 69: 675-678.

Barmore, C. R. and G. E. Brown. 1981. Polygalacturo-
nase from citrus fruit infected with Penicillium ita-
licum. Phytopathology 71: 328-331.

Ben-Arie, R, Kisler, N. and C. Frenkel. 1979. Ultrast-
ructural changes in the cell wall of ripening apple
and pear fruits. Plant. Physiol. 64: 197-202.

Blumankrantz, N. and G. Asobe-Hansen. 1973. New
method for quantitative determination of uronic
acid. Ann. Biochem. 54: 484-489.

Cole, M. and R. K. S. Wood, 1961. Types of rot, rate
of rotting and analysis of pectic substances in app-
les rotted by fungi. Ann. Bot. N. S. 25: 417-434.

Conway, W. S. and Sams, C. E. 1983. Calcium infiltra-
tion of Golden Delicious apples and its effect on
decay. Phytopathology 73: 1068-1071.

Conway, W. S., Gross, K. C,, Boyer, C. D. and Sams,
C. E. 1988. Inhibition of Penillium expansum poly-
galacturonase activity by increase apple cell wall
calcium. Phytopathology 78: 1052-1055.

Hancock, J. G. and R. L. Millar. 1965. Relative impor-
tance of polygalacturonate-trans-eliminase and
other pectolytic enzymes in southern anthracnose,
spring black stem and Stemphylium leaf of alfalfa.
Phytopathology  55: 346-355.

Hancock, J. C. 1966. Degradation of pectic substances
associated with pathogenesis by Sclerotinia sclero-
tiorum in sunflower and tomato stems. Phytopatho-
logy 56: 975-979.

Hasegawa, S. and J. K. Crawfold. 1969. Polygalacturo-
nase content of dates and its relation to maturity
and softness. J. Food. Sci. 34: 527-529.



APPLE INFECTED WITH BOTRYOSPHAERIA 111

Ishii, S. and T. Yokotsuka. 1972. Purification and pro-
perties of endo-polygalacturonase from Aspergilus
Japonicus. Agric. Biol. Chem. 36: 1885-1893.

Knee, M. 1978. Metabolism of polymethylgalacturo-
nate in apple fruit cortical tissue during ripening.
Phytopathology 17: 1261-12643.

Lowry, O. H. Rosebrourgh, N. J., Farr, AL. and R.
J. Randall. 1951. Protein mesurement with the folin
phenol reagent. [ Biol. Chem. 193: 265-275.

McClendon, J. H. 1964. Evidence for the pectic nature
of the middle lamella of potato tuber cell walls ba-
sed on chromatography of macerating enzymes.
Amer. J. Bot. 51: 628-633.

Miller, G, L. 1959. Use of dinitrosalicylic acid reagent
for determination of reducing sugars. Anal. Chem.
31: 426-428,

FMEE, &3, $81R. 1991 A9 ALY NS 5%EE Bo-

tryosphaeria dothidea®l 93+ Pectin® /7<)
Ak MEGHREGEE 9(2): 143-147.

Spalding, D. H. and A. A. Abdul-Baki. 1972, In vitro
and in vivo production of pectin lyase by Penicil-
litum expansum. Phytopathology 63: 230-235.

Spalding, D. H., wells, J. M. and D. W. Allison. 1973.
Catabolite repression of polygalacturonase, pectin
lyase and cellulase synthesis in penicillium expan-
sum. Phylopathology 63: 840-844.

Wallner, S. J. and H. L. Bloom. 1977. Characteristics
of tomato cell wall degradation in vitro implication
for the study of fruit softening enzymes. Plant Phy-
siol. 60: 207-210.

Yamaki, S,. Machida, Y. and N. Kakiuchi. 1979. Chan-
ges in cell wall polysaccharides and monosacchari-
des during development and ripening of Japanese
pear fruit. Plant Cell Physiol. 20(2): 311-321.



