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Abstract

A bacterium capable of producing polygalacturonase was isolated from kimchi, and identified as a strain of
Bacillus. The effects of culture conditions and medium composition on enzyme production were investigated. Among
the tested carbon sources, polygalacturonic acid or pectin was most effective for the production of the enzyme.
Therefore, it seemed that the enzyme was induced when pectin or polygalacturonic acid was used as a sole source
of carbon. The optimal concentration of polygalacturonic acid was 0.5%. For nitrogen sources, yeast extract was
best for the production of the enzyme, at a level of 0.25%. The enzyme was maximally produced by cultivating
the isolated Bacillus sp. at an initial pH of 8.0 and temperature of 45°C for 20 hours.
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INTRODUCTION

Polygalacturonase (PG, EC 3.2.1.15) is a depolymerizing
pectinase that catalyzes the hydrolysis of g -1,4-glycosidic
linkage of polygalacturonan chains in pectin, thus causing
structural degradation (1}. The enzyme plays an important role
in fruit and vegetable softening, and it is widely used in food
processing indusiries as a processing aid, in maceration, lique-
fication, extraction, clarification, and filtration of fruit or vege-
1able juices and wine (2,3). The enzyme has been produced
by various plants (4-9), and microbial sources (10-18).

Softening of kimchi is due to the destruction of peciic sub-
stances in the vegetable tissue by polygalacturonase. The poly-
galacturonase activity in kimchi is low in the early siage of
kimchi ripening, and it is markedly- increased after the for-
mation of film on the surface of kimchi juice, indicating that
the softening of kimchi is partly due to activities of polygalac-
turonase-producing microorganisms. However, there have been
few reports on the production of polygalacturonase from mi-
croorganisms present in kimchi. This paper describes optimal
culture conditions for the production of polygalacturonase by
an isolated bacterium.

MATERIALS AND METHODS

Microbial strain and preparation of enzyme

The microorganism used in this research was one of our
isolates from Afmchi. It was cultivated in a medium {poly-
galacturonic acid 1%, yeast exiract 0.25%, K;HPQ, 0.02%,
KCl 0.03%, CaCl; 0.02%, pH 8.0). The cultivation was car-
ried out by the addition of seed culture (inoculum size: 2.0%)
to culture vessel (100 mL Erlenmeyer flask) and was then in-
cubated for 20 hrs at 45°C, After cultivation, it was centri-
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fuged at 10,000x g for 2¢ min, The supernatant was used
as a crmde enzyme solution,

Enzyme assay

The concentration of polygalacturonic acid in the enzyme
assay system was 0.45% in 50 mM sodium acetate buffer (pH
5.0). The enzyme reaction was initiated by the addition of
0.1 mL enzyme to the assay mixture, followed by incubation
with shaking for 30 min at 30°C. The (otal volume of the
assay mixture was 0.5 mL. After reaction, liberated reducing
sugar (e-D-galacturonic acid) was measured by the dinitrosali-
cylic acid method (19). One umit of enzyme was defined as
the amount of enzyme to produce one 1L mole of reducing sugar
per min under the defined conditions.

RESULTS AND DISCUSSION

The microorganisms present in kimchi were cultivated in
a selective medium containing polygalacturonic acid as de-
scribed in Materials and Methods. The isolate showed highest
polygalacturonase activity among the obtained colonies. The
isolated bacterium was aerobic, rod-shaped, Gram positive,
and spore former. It also produced catalase. Therefore, it seemns
to be a Baciflus sp. as determined by Bergey’s Manual of Sys-
lemalic Bacteriology (20).

In a culture medium, it is essential to maintain the proper
initial pH, culture temperature as well as medinm composition
in arder to achieve maximum production of the enzyme. Pro-
duction of polygalacturonase from the isolated Bacillus sp.
DEN-75 was examined using various carbon sources. Produc-
tion of the enzyme was observed when pectin or polygalac-
turonic acid was used as a sole source of carbon. When poly-
galacturonic acid or pectin was used as a sole source of carbon
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in the culture medium, an essential enzyme in the metabolism
of this polysaccharide would be polygalacturonase. In contrast,
the enzyme production was lower when the organism was
growh in monosacchrides or disacchrides as shown in Table
1. This suggests that palygalacturonase would be an inducible
enzyme when this bacterium is grown on polygalacturonic
acid or pectin as a sole source of carbon. Polygalacturonase
was also induced when Aspergillus niger (21), Cryptococcus
albidus (22}, or Kluyveromyces fragilis (23) was grown on
pectic subsiances as sole carbon sources. However, in Kluyver-
oityces. marxignaus, pectin does not induce any increase in
pectolytic actlivity (18). Glucose seems to be the least effective
carbon source for the production of the enzyme. This result
agrees with the report that glucose repressed the praduction
of the enzyme in Saccharomyces cerevisiae (24) and Klhuyver-
osmyees marxianus {18). Table 2 demonstrates the effect of poly-
galacluronic acid conceniration on enzyme production, The en-
zyme was maximally produced when (.3% polygalacturonic
acid was used in the medium.

Various nitrogen sources were cmployed to investigate the
effect of a nitrogen source on enzyme production. As shown
in Table 3, yeast extract was mosi suitable for enzyme pro-
duction among the tested nitrogen sources, Peptone and beef
extract were also good nitrogen source for enzyme produc-
tion. This result seems to agree with the previous research
on Kluvveromyces laciis that the enzyme activity increasad
when the media were supplied with an organic nitrogen source
such as yeast extract or peptone but that when an inorganic
Tmitrogen source was added, the enzymic activity remained wn-
affected (25). Table 4 exhibits the effect of yeast extract con-
centration on enzyme production. The optimal yeast extract
conicentration for enzyme production was 0.25%.

Table 1. Effect of carbon somces on the production of polygalac-
turonase by Bacillus sp. DEN-75 isolated from kimchi

Carbon sources Relative activity (%)

None 50.1

Pectin 98.2
Polygalacturonic acid 100.0
Saccharosc 38.4
Maltose 459
Lactose 26.1
Fruciose 12.1
Glucose 21.8

Table 2. Effcct of polygalacturonic acid concentration on the
production of polygalacturonase by Bacillus sp. DFN-75 isolated
from kimchr

Polygalacturonic acid

. Tati tivity (%
concentration (%) Relative activity (%)

0 50.1
.5 100.0
L 892
1.5 88.3
2 72.0

Table 3. Effect of nitrogen sources on the production of polygalac-
turonase by Bacillus sp. DEN-75 isolated from kimchi

Nitrogen sources Relative activity (%)

None 494
NH,Cl 77.8
(NH4 1250, 74.3
Glycine 69.2
Becf extract 93.5
Yeast cxtract 100.0
Soytone 78.8
Peptonc 94.7

Table 4. Effect of yeast estract conceniration on the production
of polygalacturonase by Bacillus sp. DFN-75 isolated from Aimchi

Yeast extract concentration (%) Relative activity (%)

0 494
0.1 62.6
025 100.0
05 92.4
075 89.1
1.0 872

The initial pH of the medium was adjusted to varions pH
values from 3.0 to 9.0 and cultivation was carried out for
20 hours at 45°C. As shown in Fig. 1, the maximal enzyme
production was achieved when the indtial pH of the medium
was 8.0. But in yeast, the highest value of the enzymic activ-
ity was obtained in a medium with an initial pH of 5.0. For
determining the optimal temperature for enzyme production
by the isolated Bacillus, cultivation was carried out at various
lemperatures ranging from 253°C to 50°C. The optimal tem-
perature for enzyme production was 45°C as shown in Fig.
2. Fig. 3 shows the time dependent production of polygalac-
turonase in addition to cell growth and pH values of the
growth medium. The enzyme was maximally produced by
cultivating the isclated organism at the optimal conditions de-
scribed above for 20 hours,
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Fig. 1. Effect of initial pH on production of polygalachuronase from
Bacilus sp. DFN-T5.



196 Min-Kyung Lee, Fun-Ae Kim, Choon-Young Kim, Gi-Nahm Kim, Seok-Hwan Kim and Inshik Park

100

B0 |

60 |

440 -

Relative actvity(%}

20

20 25 30 35 40 45 50 85 60

Temperatura(°C)

Fig. 2, Fffect of temperature on production of polygalacturonase
from Bacilius sp. DFN-75.
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Fig. 3. Time dependent production of polygalacturonase from Ba-
cillus sp. DEN-75. The inoculum size was 2%, and cultivation was
carried out at initial pH of 8.0 and temperature of 45°C.
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