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ABSTRACT

Previous studies from our laboratory have demonstrated that the feagiedlium frequentanproduces

high levels of polygalacturonase and pectinester&selopolygalacturonase | (Endo-PG I) and
Exopolygalacturonase | (Exo-PG I) wereviously purified and characterized. In the present study two extracellular
polygalacturonases were separated, partially purified and biochemically characterized. Both were characterized
as exopolygalacturonases so they were named exopolygalacturonase Il (Exo-PG Il) and exopolygalacturonase
Il (Exo-PG IIl) which had a molecular mass of 63 kDa (Exo-PG Il) and 79 kDa (Exo-PG Ill) Madu€s were 1.6

and 0.059 g/L and the\ values were 2571 and 185 U/mg, respectively. The optimum temperature was 50°C for
both enzymes, while the optimum pH was 5.0 for Exo-PG Il and 5.8 for Exo-PG II.
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INTRODUCTION PG 1) and pool Il (exo-PG 1), were separated and biochemically
characterized (4; Chellegatti al, personal communication).
Pectinolytic enzymes are used mainly in the food industry, In the present study the pools Il and IV which are part of
particularly for fruit juice clarification and for the isolation ofextracellular polygalacturonase complex producedPby
essential oils and pigments from citrus. They are also usediiequentansvere separated and biochemically characterized.
the textile industry to release cellulose fibers from fibrous stalks
(1,5,19). Bacteria, fungi and yeast synthesize and secrete MATERIALS AND METHODS
pectinases (19). In addition to their industrial importance,
pectinases are of interest because they patrticipate in the infectitioroorganism and maintenance
process together with other plant cell wall-degrading enzymes, P. frequentansvas isolated from soil (20) and deposited in
thus facilitating the installation of pathogens in plants (18).the collection of Fundacgéo Tropical de Pesquisa e Tecnologia
Previous studies have shown thalPenicillium André Tosello in Campinas under number FTPT 2037. The
frequentangroduces high levels of extracellular pectinasefsingus was maintained by weekly transfers on tomato medium
when cultured in liquid medium supplemented with citrislants (8) and incubated at 30°C for 7 days.
pectin (20). The pectinolytic complex secreted By
frequentanswas initially separated in 5 distinct fractionsEnzyme production
(22). It was aftedetected that the fungus synthesized 13 The culture medium described by Manacleinal. (12) and
pectinases, being 7 polygalacturonases and 2 pectinesteraskpted according to Siésseteal. (22) was inoculated with
secreted while 4 polygalacturonases were maintained insisld® spores.mtt and incubated with agitation (140 rev/min) at
the cell (10). Two extracellular polygalacturonases, pool | (end86°C for 24 h. The mycelium was separated from the culture fluid
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by filtration and the broth was dialyzed against 25 mM sodiuf100 column (1.8 x 55.5 cm) preequilibrated with the same buffer
acetate buffer, pH 5.0, containing 1 mM EDTA (buffer A). Theontaining 100 mM NaCl. The following molecular mass standards
dialyzed broth was used for the enzyme assays, or concentratede used: 3-amylase (200,000), alcohol dehydrogenase (150,000),
with crystalline sucrose (6) and dialyzed once against buffer Aovine serum albumin (66,000), carbon anhydrase (20,000) and
cytochrome C (12,400). Optimum pH of Exo-PG Il and Il were
Enzyme assays determined in reactions carried out at pH values ranging from 1.2
Polygalacturonase activity was assayed by the liberationtof 8.0 using 25 mM disodium phosphate-citric acid buffer and
reducing sugar and by the decrease in viscosity of sodidrom 7.8 to 9.0 using 25 mM Tris-HCI buffer. The reducing sugar-
polypectate solution. Reducing sugars were quantified by theleasing activity was determined at 50°C. The optimum
dinitrosalicylic acid method (14). The enzymatic reaction waemperature of each one was determined by evaluating the
performed according to Siéssetel.(22) and one activity was reducing sugar-releasing activity at temperatures ranging from
defined as the amount of enzyme which released 1 pmol28f° to 75°C at 5°C intervals. The Michaelis constants of the Exo-
reducing sugar groups per minute at 50°C and pH 5.0, using®G Il and 1l were determined at various concentrations of sodium
galacturonic acid as standard. Viscosity-diminishing activitgolipectate (NaPP) and the data were plotted according to the
was determined by measuring the decrease in relative viscosityeweaver-Burk plot.
(13) and according to Siésseet al. (22). One relative
viscosimetric unit was defined as the amount of enzyme which RESULTS AND DISCUSSION
reduced the initial viscosity of the substrate solution by 50% in
1 minute of reaction at 50°C and pH 5.0. Pectinesterase activity In previous studies from our laboratory the chromatographic
was assayed according to Nasuno and Star (15). One unipuadfile of extracellular pectinases produced Panicillium
activity was the amount of enzyme which released ftequentansand separated on a DEAE-Sephacel column (1.6 x
microequivalent of carboxyl groups per hour &%8nd pH 6.5 25 cm) presented 5 fractions with pectinolytic activity which
(22). Protein was determined by the method of Bensadoun amére designated PI, PIl, Plll, PIV and PV, but PIl was not

Weinstein (3) using albumin (Sigma) as standard. completely separated from the others (22). Using the same resin
on a larger column (1.8 x 60 cm) equilibrated with buffer B, PII
Separation of pectic enzymes could be completely separated from the other fractions, for a

The enzyme activities in dialyzed broth were separated by itwtal of 6 fractions with pectinolytic activity (Chellegadtial,
exchange chromatography. Samples (30 or 40 mL) of broths wpersonal communication). Of these fractions, Pl was
applied to a DEAE-Sephacel column (1.8 x 60.0 cm) preequilibrateldaracterized as endo-PG |, with g &f 2.7 g.L* and Vyax Of
with 25 mM Tris-acetate buffer, pH 6.5, containing 1 mM EDTA488.28 U.md (4), Pll as exo-PG |, K0.68 g.L* and V.x596.8
(buffer B). Proteins that was not bound to the resin were elutddng?! (Chellegattiet al, personal communication), PIll and
with the same buffer. Bound proteins were eluted by stepwiB#/, which were the subject of the present study, and responsible
increases in NaCl concentration in buffer B (20 and 300 mM) fiir 47.6 and 44.4% respectively of total extracellular
flow rate of 0.71 mL.mikand 5 mL fractions were collected. Theexopolygalacturonase activity were rechromatographed,
PIll and PIV fractions obtained with the DEAE-Sephacel columreaching 49.17% (PIIl) and 42.30% (PIV) purification in relation
were rechromatographed on a new DEAE-Sephacel column (1#®xhe first DEAE-Sephacel column (Fig. 1).

26.5 cm) preequilibrated with buffer B and eluted with 50 mM  While PIV presented only polygalacturonase activities, Pl
NaCl. The flow rate of the mobile phase was 0.67 mLlmmd 5 showed also pectinesterase activity which even after several

mL fractions were collected. separation attempts could not be dissociated from the
polygalacturonase activities, suggesting a complex of these two
Determination of enzymes properties pectinolytic activities in this pool. The assays used to characterize

According to Rombouts and Pilnik (19), it is possible téhe exo- or endo-nature of PlIl and PIV polygalacturonases on
determine whether a polygalacturonase acts on the substratéhizysodium polypectate substrate (NaPP) revealed that after 1 h
attacking it by its ends or randomly within the chain by compariraf incubation with this substrate PIll and PIV reduced the initial
the viscosimetric and reducing sugar-releasing activities of thisscosity of the solution by 7.43 and 7.81%, respectively, whereas
enzyme in a 2.0% sodium polypectate (NaPP) solution. Thee percentage of degraded glycoside bonds during the same
results are expressed as percentage of the loss of initial viscog#yiod was 15.94 and 15.0%, respectively (Fig. 2). According to
of the NaPP solution versus percentage of hydrolyzed glycosi@embouts and Pilnik (19), an enzyme presents an endo character
bonds. The degradation products were confirmed by thin-layehen the initial viscosity is reduced by half and less than 15% of
chromatography (5). To determine the molecular mass of Exo-Rt& glycoside bonds of the substrate are hydrolyzed; therefore
Iland Ill, fractions of Plll and IV were collected from the DEAE-the PIIl and PIV enzymes are exopolygalacturonases. These
Sephacel column dialyzed against buffer A and applied to a Bio@esults were confirmed by thin-layer chromatography of the
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Figure 1. Separation profiles of the PlIl and PIV fractions. The Plll and PIV fractions collected on a DEAE-Sephacel column (1.8
x 60 cm) were rechromatographed under the same conditions and eluted with 50 mM NacCl.

enzymatic degradation products, showing a high concentratidable 1.Physical parameters for Exo-PG Il and Exo-PG lIl.
of monogalacturonic acid when the viscosity of the NaPP solution

Physical P t Exo-PG II Exo-PG III
was reduced by less than 50% (data not shown). So the _ysmf ara_me ers xo-PG x0-PG
polygalacturonases of the PlIl and PIV fractions were namey (Gel Filtration - Bio Gel P 100) 63 IZDa 79 liDa
Exo- PG Il and Exo-PG lIl. As also observed for Exo-PG | from OPtimum temperature 50°C 50°C

Optimum pH 5.0 5.8

frequentangChellegattet al, personal communication), the sugar
content of Exo-PG Il and Exo-PG Il indicated that they are alsg™
highly glycosylated (62.1 and 67.1%, respectively). Most secreted—
fungal proteins are glycosylated by a process involving the
binding of oligosaccharides to Asp, Ser and The residues on the
surface of the protein molecule (16). Using concanavalin A ameéen characterized (Chellegattial, personal communication).
tunicamycin, Kawanet al.(10) elegantly showed the importancet may be questioned why a fungus synthesizes and secretes
of the glycosylation process for the secretion of pectinase®re than one enzyme for degrading a substrate in the same way.
produced byp,. frequentansThe molecular masses of Exo-PG lIAs shown in Table IR. frequentan&xo-PG Il and Exo-PG llI
(63 kDa) and Exo-PG Il (79 kDa), determined by gel filtration werpresent differences in their biochemical properties which in turn
similar to those reported for other fungal extracellulaare different from those observed for Exo-PG | (Chellegii,
exopolygalacturonases, such as the 68 kDa enzyme frgersonal communication). Scott-Craigal. (21) suggested that
Sclerotinia sclerotiorum(18), the 60 kDa enzyme from the various exopolygalacturonase peaks observedfor
Cochliobolus carbonurf2l), the 78 kDa enzyme frofispergillus  carbonummay be due to enzymes encoded by different genes
tubingensis(11), and the 74 kDa enzyme frofusarium and/or to post-translational modifications of a single gene
oxysporun. sp (7). The fact that the molecular masses of Exo-R@soduct. Probably the synthesis of enzymes attacking a pectic
I, Exo-PG Il and Exo-PG lIl were higher than that of Endo-PGdubstrate in the same way guarantees its degradation into
produced by this fungus (20 kDa) has been also observednionogalacturonic acid under a variety of environmental
other fungi by Kesteet al. (11), suggesting that this may be aconditions, thus conferring an advantage to the microorganism
general property of fungal exopolygalacturonases. Thbat produces these enzymes.
properties of Exo-PG Il and Exo-PG Il are summarized in Table 1.

The optimum pH and temperature determined for both enzymes ACKNOWLEDGEMENTS
did not differ greatly from those reported for other fungal
exopolygalacturonases (2,99. frequentanssecretes 7 This work was supported by grants from FAPESPQN
polygalacturonases, of which one endo-PG and one exo-PG hdv60-7) and CNPq (PIBIC - USP/ 1998).

1.6 g/L 0.059 g/L
2571 U/mg 185 U/mg
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Figure 2. Determination of the exo-or endo-nature of PlIl and
PIV enzymes. The percentage drop in viscosity of NP (1,
was measured at different intervals with an Ostwald viscometer
and simultaneous, the percentage of split glycoside bamds (12.
was determined through the increase of reducing groups.

13.

RESUMO 14.

e . N 15.
Purificacdo parcial e caracterizagcdo das

exopoligalacturonases Il e Ill dePenicillium 16.

frequentans 17

de Vinas= 2571 e 185 U/mg, respectivamente. A temperatura 6tima

S 10030 PIII de ambas foi 50°C e enquanto o pH 6timo da Exo-PG 1l foi 5,0 o da
o~ ~e. .
T g0 el Exo-PG Il 0i5,8.
Z 80 —,
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