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Abstract

A fungus with the highest protopectinase productivity was selected among 205 strains isolated from the soil and

identified as a Verticillium sp.

The Verticiliium sp. was cultivated on wheat bran and the crude extruct of its culture medium showed the highest
protopectinase activity on the following conditions: 3 days of cultivation time, 27°C of cultivation temperature, 1.2ml/g

wheat bran of water content, and reinforcement of ammonium nitrate and calcium chloride at the concentration of 0.5

and 0.02%, respectively.

The optimum conditions for pectin production from Citrus peel pulp by the protopectinase were consequently ob-
tained as follows: 20ml/g of liquid volume-to-pulp weight ratio, 40°C of reaction temperature, and 4 of reaction pH.
The higher the enzyme c oncentration, the better the yield of pectin and the shorter the reaction time. Total 45.6mg of

pectin/g peel was produced by 1 hour reaction at the enzyme concentration of 10.5 units/mi. Molecular weight of the

pectin produced by the enzyme was estimated to be about 62,000 by Smit and Bryant's method.
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Fig. 1. Changes in Viscosity of Filtrate from Protopectin

by Crude Enzymes of A and B Straih

A reaction mixture containing 100 mg of proto-
pectin, 1 ml of crude enzyme extract, and 7 ml
of 0.04 M acetate buffer, pH 5, was incubated at
40°C for indicated period and filtered. The
viscosity of the filtrate was measured with
Ostwald viscometer.

The changes in viscosity of each filtrate were
the relative percentages, compared with the
viscosity of the filtrate from 360 minute reaction
mixture containing the crude enzyme of A
strain

e : A strain, o: B strain
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Fig. 2. Microscopic Form of Selected Fungus
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It shows the typical characteristics of Verticiflium sp., which are elongated conidiophores with a pointed apex,

originating from the septate hyphae and arranged in whorls, and oval microconidia in clusters at the end of

conidiophores.
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Fig. 3. Time Course of Protopectinase Production by

Verticillium sp.

The culture media containing 5 g of wheat bran
and 6 ml of water were incubated at 30°C for
various periods after inoculation. The crude
culture extracts were tested for protopectinase

activity.
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Fig. 4. Effect of Temperature on Protopectinase
Production by Verticillium sp.
The culture media containing 5g of wheatjpran
and 6ml of water were incubated for 3 days at
various temperatures after inoculation. The
culture extracts were tested for proto.pectinase
activity.
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Fig. 5. Effect of Water Content of Culture
Medium on Protopectinase Production by
Verticillium sp.

The culture media containing 5g of wheat bran
and various volumes of water were incubated at
27°C for 3 days after inoculation. The culture
extracts were tested for protopectinase activity.
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Table 1. Effect of Carbon Sources on Protopec-

tinase Production by Verticillium sp.

Carbon Source Relative Activity

{2%) (%)
Glugose 96
Lactose 90
Sucrose 84
Maltose 90
Starch 94
Pectin 78
None 100
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Table 2. Effect of Nitrogen Sources on Protopec-

tinase Production by Verticillium sp.

Nitrogen Source

Relative Activity

(0.12%) (%)
NH,NO, 122
(NH,),HPO, 99
NH,CI 92
{NH,),S0, 100
NaNO, 85
NaNO, 109
Urea 120
None 100

Table 3. Effect of Inorganic Salts on Protopec-

tinase Production by Verticillium sp.

Inorganic Salt

Relative Activity

(0.05%) (%)
CaClw 138
CuSO, 117
FeSO, 124
MgSO, 117
MnCl, 129
KH,PO, 129
NaCl 133
None 100
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Fig. 6. Effect of Enforced Nutrient Concentra-

tion on protopectinase Production by

Verticillium sp.

The culture media containing 6 ml of water and
5 g of wheat bran enforced with various
amounts of nutrients were incubated at 27°C for
3 days after inoculation. Its extracts were tested
for protopectinase activity. The effect of CaCl,
concentration was measured on the condition
that the culture media were reinfoced with
NH,NO; at the concentration of 0.5%.

e . NH,NO; o: CaCl,

© pectine] 34 gofl mhebr] Fio] i &4
At go] 7taslgds] WEd AeE Pz
exe) o3k 9o Aol wel Hid o 7
e M Ee 20mt/g o2 dn WNELEE W
Al A pectin Y Ate) v &% 9 of S 2o}
2 Az 1A w84] 40°Cot A A el
pH 9 <33 : pH 7} pectin 4 Akell ®lH &

50

& 17| ¢)8] Mcllvaine buffer2 pHE

Aslo] 1A FL 4°CoAl A WA S o A
A% pectinof& Table 63 2Fgkel,

pH 4o 4 712 @ pectine] &35 1
uhel Wl ME Zastgoh

2w w7 g8k A4 FE) 3.5,
7 2 105units/mlg) FANL sbsla PALE
& pecting AA|H o2 A& o Fig. 72
AE P

Table 4. Effect of Liquid Volume-to-Pulp Weight
Ratio on Pectin Production by Protopec-

tinase
Ratio Total Pectin
(ml/g, dry peel wt.) (mg)
8 13
12 25
16 29
20 31
24 28
28 26

Table 5. Effect of Temperature on Pectin Produc-
tion by Protopectinase

Temperature Total Pectin
°O (mg)
35 28
40 56
45 32

Table 6. Effect of pH of Pectin Production by pro-

topectinase
pH Pectin (mg)
2 26
3 39
4 112
5 77
6 59




Table 7. Molecular Weight of Pectins

Relative Galacturonic  Molecular
Viscosity Acid Weight
(%) (x 1,000)
Pectin Sunkist 1.032 68 60.2
Pectin 1.07 68 1314
Tokyo Kasei
This Study 1.022 45 62.4
»- . [y »
-~ 40 4 4 A-
S ‘/ o
?
g
2 .
<
@ /_;
® 20 —
=
b=
3
-9
0 1 o L L L 1
30 60 90 120 150 180

Reaction Time (min.)

Fig. 7. Time Course of Pectin Production by Pro-
topectinase
The reaction mixtures containing 100 ml of en-
zyme and pulp made from 5 g of dry peel were
shaked at 40°C for various periods. The pectin
solubilized in the filtrate of the mixture was
precipitated with ethanol and quantified by the
carbazole sulfuric acid method.
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