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Abstract: The production of polygalacturonase during the deterioration of tomato
(Lyeopersicon esculentum Mill.) by Rhizopus arrhizus Fisher was investigated. The enzyme
was partially purified by a combination of ammonium sulphate precipitation, gel filtration
and ion-exchange chromatography. Two peaks of absorption, with molecular weight
estimates of approximately 166 000 Daltons and 60 260 Daltons were obtained.
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INTRODUCTION

One of the essential substances primarily found in tomato fruits is lycopene. This substance,
apart from the fact that it gives tomatoes their vibrant color, it is of health value as it helps to protect
against diseases such as cancer and heart diseases (Rao et af., 1999). Audisio ef al. (1993) reported that
tomato is very rich in vitamin C and this serves as a good index in estimating the freshness of the
product. However, a large percentage of the tomato fruits produced in Nigeria is lost to post harvest
infections caused by microorganisms. Fungi are most of these microorganisms (Ajayi ef al., 2003).

Rhizopus arrhizus is a known pathogenic fungus (Stevens, 1974; Orabi ef al., 1999). It establishes
itselfin its host by secreting extracellular enzymes which break down host tissues (Wheeler, 1975,
Virto et af., 1999; Elibol and Dursun, 2002). Martak ef of. (2003) reported the semi continuous fungal
fermentation of lactic acid by Rhizopus arrhizies. The ability of pathogenic fungi to produce enzymes
responsible for the degradation of host tissues is one of the major factors influencing their virulence
(Agrios, 1978; Lehtinen, 1993). Pectinases are a group of cell wall degrading enzymes produced by
many phytopathogens (Hagar and Mclntyre, 1972; Bruno ef ef., 2001). Pectinases are enzymes useful
in the degradation of such host tissues (Alabi and Naqgvi, 1977, Walton and Cervone, 1990).

Very little has been reported about the involvement of Rhizopus arrhizus in the deterioration of
tomato fruits in Nigeria. This study therefore describes the production of polygalacturonase, a pectic
enzyme, during the infection of tomato fruits by Rhizopus arriizus. Attempts were made to determine
the molecular weight of the enzyme during purification. Tt is believed that this study would be very
useful in providing solutions to the problems of tomato wastage in our markets.

MATERIALS AND METHODS

The experiment described in this paper was carried out between December, 1999 and January,
2005 in the Department of Microbiology, Obafemi Awolowo University, Ile Ife, Osun state, Nigena.
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Organism

The isolate of Rhizopus arrhizus Fisher employed for this research work was isolated from
tomato fruits in the Department of Microbiology, Obafemi Awolowo Umversity, Ile Ife, Osun state,
Nigeria. The organism was routinely grown and maintained on 1% (w/v) Sabouraud dextrose agar
slants. The organism was subcultured from the old culture onto fresh Sabouraud dextrose agar plates
whenever it was to be used. Seventy-two-hour-old culture was used as inoculum for this research.

Inoculation and Cultivation

The inoculation techniques employed were as earlier described (Ajayi ef of., 2003). The medium
used in this case was Sabouraud dextrose agar. The experimental and control tomato fruits were placed
individually in sterile Petri dishes under surface sterilized bell jars. Incubation was at room
temperature. The fruits were examined daily for deterioration.

Extraction of Enzyme from Tomato Fruits

Ten days after inoculation, the deteriorated tomato fruits were weighed and chilled for 30 min
inside a freezer and homogenized with an MSE homogenizer at full speed (25 cycles per second) with
chilled liquid extractant (1:1w/v) for 2 min at 30 sec. interval. The extractant was 0.01M citrate
phosphate buffer, pH 4.5 containing 5 mM NaN, to prevent microbial contamination. The homogenate
was inifially allowed to percolate through four layers of sterile glass fibre. This was used as the crude

enzyme.

Preparation of Enzyme for Column Chromatography

The crude enzyme preparation was dialyzed using acetylated cellophane tubing (Whitaker ez ai.,
1963). Analysis was performed using a Multiple dialyser (Pope Scientific Inc., Model 220, U.S.A) at
4°C. Proteins in the crude enzyme preparation were precipitated by adding solid ammonium sulphate
(Sigma) to 90% saturation.

Fractionation of Enzyme on Sephadex G-100

The vertical glass tube chromatography column (2.5x70 em) of Sephadex G-100 (Particle size,
40-120 ) was prepared and calibrated as previously described (Ajayi ef af., 2003). Ten millimeters
of the enzyme concentrate was applied to the column and eluted with 0.05 M citrate phosphate buffer
(pH 4.5). Each of the fractions was analyzed for polygalacturonase activity.

Fractionation by lon-Exchange Chromatography

Fractions from the Sephadex G-100 column which showed appreciable polygalacturonase
activity were pooled. Ten milliliter of the pooled enzyme was applied to a CM Sephadex C-50 column
(2.5x40 ¢m) which was prepared as described above for Sephadex G-100 column. Fractions were
eluted with 0.05 M citrate phosphate buffer (pH 4.5) containing 0.1, 0.2, 0.4 and 0.5M gradients of
NaCl. Fractions (5 mL per tube) were collected and assayed for polygalacturonase activity.

Enzyme Assay

Polygalacturonase activity was assayed according to the method described (Olutiola, 1982a). The
reaction mixture was 1 mL of 0.1% (w/v) pectin (Sigma) in 0.01 M citrate phosphate buffer (pH 4.5)
and 0.5 mL of the enzyme. Each control tube contained 1 mL of the substrate. The experimental and
control tube were incubated in a water bath at 37°C for 3 h. The total reducing sugar was determined
by the Dinitrosalicylic acid (DNSA) method (Miller, 1959; Olutiola, 1983).0One unit of
polvgalacturonase activity was defined as the amount of enzyme which released 1 p mole galacturonic
acid per minute.
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RESULTS

Gel-filtration of the dialyzed enzyme on Sephadex G-100 column gave four peaks of absorption
designated D, E, F and G (Fig. 1). Components of peaks D and E exhibited polygalacturonase
activity whereas peaks F and G lacked polygalacturonase activity. The molecular weights of
components of peaks D and E were approximately 166,000 and 60,260 Daltons respectively.
Elution of components of peak D on CM Sephadex C-50 column produced four peaks of
absorption designated Da, Db, D¢ and Dd (Fig. 2). Components of peaks Da and Db possessed
polygalacturonase activity while the components of peaks Dc and Dd lacked polygalacturonase
activity. Purification folds of approximately 30 and 14 were obtained for the components of peaks
Da and Db respectively (Table 1). Components of peak E produced three peaks of absorption when
separated on CM Sephadex C-50 column. These peaks were designated Ea, Eb and Ec¢ (Fig. 3).
Components of peak Ea possessed polygalacturonase activity with a purification fold of
approximately 12 (Table 1) while the components of peaks Eb and Ec possessed no detectable
polygalacturonase activity.
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Fig. 1: Separation by gel filtration of proteins obtained from tomato fruits deteriorated by Rhizopus
arrhizus and the enzymic activity of the fractions towards pectin. (O,) protein (E,;.); ---,

polygalacturonase
Table 1: Partial purification steps of poly galacturonase from tomato fiuits infected by Rhizopus arrhizis
Total Tatal Specific activity Purification

Fraction activity (units) protein (mg) (units mg™" protein) Yield (96) fold
Crude extract 1840 390.0 4.7 100.0 1.00
(NEH,),80, 1600 155.0 10.3 87.0 219
Sephadex G-100
Peak D 960 18.5 51.9 52.2 11.04

E 290 11.8 24.5 15.8 521
CM Sephadex C-50
Peak Da 380 2.7 140.7 20.7 29.90

Db 110 1.7 64.7 6.0 13.80
CM Sephadex C-50
Peak Ea 132 23 57.4 72 12.20
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Fig. 2. Separation by ion-exchange chromatography (CM Sephadex C-50) of proteins (fraction D)
separated by gel filtration. Fig. 1) and enzymic activity of the fraction towards pectin. {QO),

protein (E,;); ---, polygalacturonase
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Fig. 3. Separation by ion-exchange chromatography (CM Sephadex C-50) of proteins (fraction E)
separated by gel filtration, Fig. 1) and enzymic activity of the fractions towards pectin. (O),

protein (E,;); ---, polygalacturonase
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Table 2: Molecular weights of polygalacturonase from other microorganisms

Species investigated Molecular weight References
Botryodiplodia thebromee 12,000 Daltons (peak Aa) Ajayi ef al. (2003)
56,200 Daltons (peak Ab)
Aspergillus niger 82kDa (exo-PG 1) Sakaroto et al. (2002)
A polygalacturonase inhibitor protein 34 kDa Stotz et ad. (1994)
(PGIP) characterized from tomato fruit.
Ripe tomatoes 42kDa PG 1 (Heat stable form). Fachin et af. (2004)
42 kDa PG 2 (Heat labile form).
Aspergilius niger Multiple form of poly galacturonase with Fyothi et al. (2005)

molecular mass ranging from 30-60 kDa

DISCUSSION

During the deterioration of tomato fruits by Rhizopus arriizus, proteins which exhibited
polygalacturonase activity were produced. However, similar extracts from uninfected tomato fruits
possessed traces of polygalacturonase activity. The occurrence of appreciable quantities of the enzyme
in tomato tissues infected by RAizopus arvhizus strongly suggest that the enzyme is of fungal origin.
It has been reported that plant cell wall polysaccharide degrading enzymes play fundamental role in
host-pathogen interaction {(Alana ef af., 1990). Previous researchers have implicated the involvement
of fungi in the deterioration of tomato fruits and fruits from other plants (Adejuwon and Olutiola,
2005; Olutiola, 1982b) but there is paucity of information on the deterioration of tomato fruits by
Rhizopus arrhizus in Nigeria.

The protein and total reducing sugars of the tomato fruits decreased with infection, corroborating
research findings from previous researchers, but the molecular weights of the enzyme fractions differ
from the work of previous researchers (Table 2). Tt has been shown that the differences in molecular
weights of enzymes have been associated with a number of factors {Sevillano and Zarra, 1997).

REFERENCES

Adejuwon, A.O. and P.O. Olutiola, 2005. Protease in tomato fruits infected by Fusarium oxysporum.
Plant Pathol. I, 4: 43-45.

Agrios, G.N., 1978. Plant Pathology. Academic Press, New York, pp: 703.

Ajayi, A.A., P.O. Olutiola and J.B. Fakunle, 2003. Studies on polygalacturonase associated with the
deterioration of tomato (Lycopersicon esculentum Mill.) fruits infected by Botryodiplodia
theobromae PAT. Sci. Focus, 5: 68-77.

Alabi, R.O. and S.H.Z. Naqvi, 1977. Production of cellulolytic and proteolytic enzymes by
Cercospora arachnidicola. Trans. Br. Mycol. Soci., 68: 296-298.

Alana, A., I. Alkorta, J.B. Dominquez, M.J. Liama and J.L. Serra, 1990. Pectin lyase activity in a
Peniciflium italicum strain. Applied Environ. Microbiol., 56: 3755-3759.

Audisio, M., D. Dante, A. DeCica and C. Swaci, 1993, Vitamin C content in tomatoes in relation to
modality and degree of maturity. Revista Discienza Development Alimentazione, 22: 507-512.

Bruno, G., D. Geristo and G.E. Harman, 2001. Interaction of ammonium, glucose and chitin regulation
on the expression of cell wall degrading enzymes in Trichodema atroviride strain Pl. Applied
Environ. Microbiol., 67: 5643-5647.

Elibol, M. and O. Dursun, 2002. Response surface analysis of lipase production by freely suspended
Rizopus arrhizus. Process Bioche., 38: 367-372.

Fachin, D., C. Smout, [. Verlent, B. Ly Nguyen, A.M. Van Loey and Hendrickx, 2004. Inactivation
Kinetics of purified tomato polygalacturonase by thermal and high-pressure processing. J. Agric.
Food Chem., 52: 2697-2703.

220



J. Plant Sei., 2 (2): 216-221, 2007

Hagar, S.8. and G.A. Mclntyre, 1972. Pectic enzymes produced by Pseudomonas fluorescens and
organism associated with “pink eye™ disease of potato tubers. Canadian J. Bot., 50: 2479-2488.

Jyothi, T.C.., S.A. Singh and A.G. Appu Rao, 2005. The contribution of ionic interactions to the
conformational stability and function of polvgalacturonase from 4spergifius niger. Intl. J. Biol.
Macromol., 36: 310-317.

Lehtinen, U., 1993. Plant cell wall degrading enzymes of Septoria nodorum. Physiol. Mol. Plant
Pathol., 43: 121-134.

Martak, I., 8. Stefan, S. Enka, K. Ludmila and K. Michael, 2003. Fermentation of lactic acid with
Rhizopus arvhizus in a stirred tank reactor with a periodical bleed and feed operation. Process
Biochem., 38: 1573-1583.

Miller, G.L., 1959. Use of dinitrosalicylic acid reagent for the determination of reducing sugar. Anal.
Chem., 31: 426-432.

Olutiola, P.O., 1982a. Extra cellular polygalacturonase complex from Penicilfivm citrinwm Thom.
associated with internal mouldiness of cocoa (Theobromae cacao) beans. Acta Phytopathological
Academiae Scientiarum Hungaricae, 17: 239-247.

Olutiola, P.O., 1982b. Polygalacturonase and pectin lyase of Penicillium sclerotigenum. Nig. I
Microbiol., 2: 154-167.

Olutiola, P.O., 1983. Cell wall degrading enzymes associated with the deterioration of cocoa beans by
Penicillitim steckii. International Biodeterioration Bull., 19: 27-36.

Orabi, K.Y., E. Li, AM. Clark and C.D. Huford, 1999. Microbial transformation of sampongine. J.
Natural sProducts, 62: 988-992.

Rao, AV, N. Fleshner and S. Agarwal, 1999. Serum and tissue lycopene and biomarkers of oxidation
in prostrate cancer patients. A case control study. Nutrition and Cancer, 33: 159-164.

Sakamoto, T., E. Bonnin, B. Quemener and J.F. Thibaut, 2002. Purification and characterization of two
exo-polygalacturonases from Aspergillus niger able to degrade xylogalacturonan and acetylated
homogalacturonan. Biochim. Biophys. Acta, 1572: 10-18.

Sevillano, M.I. and I. Zarra, 1997. Pectin depolymerase activities associated with cell walls from
Cicer arietinum L. Plant and Cell Physiol., 38: 1259-1263.

Stevens, R.B., 1974. Plant Disease. The Ronald Press Company, New York, pp: 139-152.

Stotz, H.U., I.]. Contos, A.L. Powell, A.B. Bennet and J.M. Labaxitch, 1994. Structure and expression
of an inhibition of fungal polygalacturonases from tomato. Plant Mol. Biol., 25: 607-617.
Virto, C., 8. Inzemar and P. Adbercrentz, 1999. Enzymatic synthesis of lysophosphatidic acid.

Enzyme Microb. Technol., 24: 651-658.

Walton, I.D. and I. Cervone, 1990. Endopolygalacturonase from the maize pathogen Cocliliobolis
carbonum. Physiol. Mol. Plant Pathol., 36: 350-359.

Wheeler, H., 1975. Plant Pathogenesis. Springer Verlag, New York, Heidleberg, Berlin, pp: 106.

Whitaker, D.R., K.R. Hanson and P.K. Datta, 1963. Improved procedures for preparation and
characterization of Myrothecium cellulase. Part 2. Purification procedures. Can. J. Biochem.
Physiol., 41: 671-696.

221



