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ABSTRACT

Penicillium sclerotigenum Yamamoto grew in synthetic liquid medium with pectic substance
as sole carbon source, releasing proteins which exhibited polygalacturonase (PG; poly (1,4-
&-D-gal-acturonide) glycohydrolase, EC 32.1.15) and pectin lyase (PL; poly (methoxygalatu-
ronide) lyase, EC 4.2.2.10) activitie . The enzymes were also present in mycelial extracts and
Pencillium-infected yam tissues but were absent in healthy yam tissues. These enzymes were
separated by molecular exclusion and ion exchange chromatography into three components.
The molecular weight, estimated by gel filtration on sephadex G-100, was approximately
72,000 Optimum temperature for activity of polygalacturonase and pectin lyase was 35%¢,
The pH optima for polygalacturonase and pectin lyase were pH 5.0 and pH 8.5 respectively.

INTRODUCTION

Many pathogenic microorganisms have been reported to produce enzymes capable of degra-
ding pectic substances in host tissues (Wood, 1960; Lund and Brocklehurst, 1978). Polygalac-
turonase (PG; poly (1, 4-& -D-galacturonide) glycohydrolase, EC 3.2.1.15) and pectin lyase
(PL; poly (methoxygalacturonide) Iyase, EC 4.2,2.10) cause plant cell maceration and death of
plant tissues (Garibaldi and Bateman, 1971 ; Mount, Bateman and Basham, 1970). Such enzy-
mes will be of great importance where pathogensinvade host plants in an intercellular manner.
Hsu and Vaughn (1969) and Garibaldi and Bateman (1971) described pectic enzymes from
pathogenic bacteria capable of splitting the &-1, 4-glycosidic bonds in pectic substances by a
transeliminative mechanism in which the hydrogen from carbon 5 within the methylgalactu-
ronate moeity was removed, thus leaving galacturonide residues having an unsaturated bond
between carbons 4 and 5 of the reaction products. Such unsaturated reaction products usually
absorb light strongly at 235 nm (Albersheim and Killias, 1962). Ability of some fungal enzy-
mes to split pectic substances by transeliminative and hydrolytic mechanisms has been reported
(Sherwood, 1966; Ayers and Papavizas, 1965, Spalding, 1969).

Penicillium sclerotigenum is a phytopathogen associated with the soft rot of yam (Disco-
rea spp.) tubers in storage (Ogundana, Naqvi and Ekundayo, 1970). Plant cells are rich in
pectic substances (Joslyn, 1962; Talmadge, Xeegstra, Bauer and Albersheim, 1973. In addition
yam tubers contain large amounts of starch. In a previous work, ability of P. sclerotigenum
to secrete starch-degrading enzymes was reported (Olutiola, 1980). The present work e xamines
the production of polygalacturonase and pectin lyase in culture filtrates of P. sclerotigenum.
Some characteristics of the enzymes are also reported.
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MATERIALS AND METHODS

Organism and culture conditions: The isolate (UNIFE. 03) of Penicillium sclerotigenum
Yamamoto used was from the culture collection of the Mycological Habarium, University of
Ife, Nigeria. It was isolated from rotten yam tubers by Dr. S. K. Ogundana of this Department.
The organism was routinely grown and maintained on one per cent (w/v) malt yeast extract
agar. The basal medium and the inoculation techniques were as previously described (Olutiola,
1976). Each 250 ml Erlenmeyer flask containing 100 ml of the synthetic medium was inocula-
ted with 1 ml of an aqueous spore suspension containing approximately 5 x 10° spores per
ml. Inoculated media were incubated without shaking at 30°C,

Preparation of culture filtrates: Preliminary experiments showed that production of poly-
galacturonase and pectin lyase by P. sclerotigenum was maximum after incubation for 168
hours. Filtrates from 168-h old cultures were ciarified by centrifugation at 15,000 g for 10
min at 4°C. The filtrate was concentrated by ultrafiltration using UM-10 Diaflo membranes
contained in LP-1A Amicon filtration apparatus. Protein content was determined by the
method of Lowry, Rosebrough, Farr and Randall (1951). Mycelial mats and Pencillium infec-
ted yam tissues were extracted for polygalacturonase and pectin lyase activities as already des-
cribed (Olutiola and Akintunde, 1979) except that the extraction solution was 0.1 M Tris-
HCI buffer (pH 7.5 containing 0.5M'NaCl, since this solution was more effective than a solu-
tion of 0.5M NacClI alone.

Enzyme separation: A column (25 x 640 mm) of Sephadex G — 100,surrounded by a water
jacket maintained at 4°C, was prepared and calibrated as previous described (Olutiola, 1976).
Ten ml of the enzyme concentrate were applied to the column and eluted with 0.1. M Tris-
HC1 buffer (pH 7.5) containing 0.1 M KC1). The protein content of the eluted fractions was
recorded by continous measurement at 280 nm, and fractions (5 ml per tube) were collected
in an automated fraction collector (LKB, 7000 A Ultra Rac).

Fractions (26 to 32) which showed appreciable polygalacturonase and pectin lyase activi-
tis were subjected to ammonijum sulphate precipitation ( 80% saturation) and dialysed for
24 h against six changes of 0.1 M Tris-HC1 buffer (pH 7.5) at 4°C. Ten ml of the dialysate
was applied to a column (25 x 340 mm) of DEAE-Sephadex A — 50 surrounded by a water
jacket at 4°C and equilibrated with the same Tris-HC1 buffer.

Fractions(5 ml per tube) were collected and measured as described above. Each fraction
was analysed for polygalacturonase and pectin lyase activity.

Assay Methods:

Polygalacturonase (PG) activity: Polygalacturonase activity was determined by measuring
the reduction in viscosity of one per cent pectin (Sigma) and occasionally by determining
increase in reducing groups liberated at 309C. Viscometric measurements were made at 30°C
in standard U-tube viscometers (BS/U, size C) containing 9 ml of one per cent pectinin 0.1 M
sodium phosphate buffer (pH 5.0) and 1 ml enzyme preparation. Polygalacturonase activity
was expressed as relative activity (RA). Relative activity was defined as 103 multiplied by the
recigrocal of the time in minutes necessary for 50 per cent reduction in viscosity of the substrate
at pH 5.0 at 309C. Specific activity was defined as the relative activity units per mg protein.
When polygalacturonase activity was measured by estimating the reducing sugars released, the
reactior mixture contained 0.5 ml enzyme preparation and 4.5 ml of 1 per cent pectinin 0.1 M
sodium phosphate buffer (pH 5.0). The reducing sugars released were measured by the method
of Miller (1959). One unit of activity was defined as the amount of enzyme which liberated
1 mole of galacturonic acid in one minute under the assay conditions.
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Pectin Iyase (PL) activity:

Reaction products of the trans-eliminase reaction were detected by a modification of the
thiobarbituric acid procedure of Weissbach and Hurwitz (1959) and by a direct spectrophoto-
metric measurement of increasing absorbance at 235 nm caused by unsaturated bonds formed
during the degradation of pectic substances (Sherwood, 1966). The reaction mixture and the
method of analysis for the thiobarbituric acid assay and the direct spectrophotometric techni-
que were as previously described {Olutiola and Akintunde, 1979). One unit of pectin lyase
activity was defined as that amount of enzyme which caused an increase of 0.01 in absorbance
at 540 nm or 235 nm per hour under the specified assay conditions of the tests. When the pre-
sence of polygalacturonase and pectin lyase activities were to be examined simultaneously the
thiobarbituric acid reagent was used (Ayers et al. 1966). A peak at 510 — 515 nm was taken
as being suggestive of the presence of polygalacturonase activity, while a peak at 547-550 was
indicative of pectin lyase activity.

Tissue maceration and cellular death: Ability of P. sclerotigenum to macerate plant tissues.
was examined by the technique of Olutiola and Akintunde (1979) using discs of potato and
yam tissues.

Cellular death was determined by setting up experiments as employed for tissue macera-
tion (Olutiola and Akintunde, 1979). After incubation, toxicity was estimated by the techni-
que of Tribe (1955). The test solution consisted of 10 ml 1 M KNO3, 1 ml 0.1% neutral red
chloride and 1 ml of M Tris-HC1 buffer (pH 8.5). The discs were allowed to remain in the test
solution for 2 min before being washed with 1 M KNOj;. Cells which still retained the neutral
red after the wash were termed live cells while those which lost the stain were considered
dead.

RESULTS

Growth and release of polygalacturonase and pectin lyase:

Penicillium sclerotigenum grew in synthetic liquid medium containing pectin as the sole carbon
source. Growth of the organism increased with incubation period until the 168th hour, ai.er
which no further increase in growth.was observed (Fig. 1). During growth, proteins which were
capable of degrading pectic substances were released. Protein content in the medium paralleled
my celial dry weight, with both"processes achieving maximum on the 168 h, beyond which no
further increase was observed. During this period the pH of the medium became.increasingly
alkaline from an initial pH of 5.5 to a maximum pH of 7.0 on the 6th day.

When the culture filtrate was incubated with pectin, the ultraviolet absorption spectra of
reaction products showed an increasing absorption at 235 nm. The ultraviolet absorption maxi-
mum near 230 — 235 nm is characteristic of unsaturated compounds released from pectic
substances by transeliminase activity (Albersheim and Killias 1962). Spectrophotometric anal-
ysis of the reaction products of pectin, incubated with culture filtrate of P. sclerotigenum,
exhibited absorption maximum at 550 nm at pH 8.5. Thus, spectra of thiobarbituric acid reac-
tion products confirmed the formation of unsaturated galacturonyl products resulting from the
transeliminative cleavage of pectin by culture filtrates of P, sclerotigenum.

The culture filtrate caused rapid reduction in viscosity of buffered pectin at pH 5.0. There
was an increase in reducing power of the reaction mixtures which corresponded to loss in vis-
cosity of the substrate. At pH 5.0, spectrophotometric determination of the reaction products
of pectin with thiobarbituric acid reagent exhibited an absorption maximum at 510 nm. All
these characteristics are indicative of presence of polygalacturonase activity in culture filtrates
of sclerotigenum (Ayers et al. 1966; Talboys and Busch, 1970).

Growth and production of pectic enzymes on different carbon sources: Experiments were
carried ‘out fo examine the constritutive or inductive nature of the polygalacturonase and pectin
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lyase produced by P. sclerotigenum. The organism was grown in media containing sucrose,
glucose, maltose pectin, sodium polypectate, polygalacturonic acid, yam slices and some other
carbon sources (Table 1). Culture filtrates of the organism grown on carboxymethylcellulose,
mannitol, glucose, sucrose, lactose, maltose or inositol lacked Polygalacturonase and pectin
lyase activities (Table 1). However the organism grew quite well and released proteinsinto the
medium on each of these carbohydrates. When the organism was grown in media containing
pectin, sodium polypectate, polygalacturonic acid or yam slices, appreciable quantities of
proteins which exhibited polygalacturonase and pectin lyase activities were released into the
medium.

Fractionation on Sephadex G — 100: Fractionation of the 2nd ammonium sulphate preci-
pitate (Table II) on Sephadex G — 100 produced a single absorption peak designated A (Fig. 2).
The molecular weight of this component was approximately 72,000, Further separation of this
component on DEAE — Sephadex A — 50 column resulted in three peaksof absorption designa-
ted Aa, Ab, and Ac. Components Aa and Ab exhibited polygalacturonase activity while compo-
nents Aa, Ab and Ac possessed pectin transeliminase activity (Fig. 3).

Properties of the partially purified polygalacturonase and pectin Iyase: . The partially puri-
fied components of peak A (Fig. 3) were employed.

Maceration and cellular death: The partially purified polygalacturonase and pectin lyase of
P. sclerotigenum caused maceration and cellular death of potato and yam tissues. Similar mace-
ration and cellular death of host cells have been attributed to the degradation of the host tissue
by pectic enzymes (Garibaldi and Bateman, 1971 ; Tribe, 1955).

Effect of some chemicals: The enzyme preparation was incubated with different concentra-
tions of CaCl,, NaCl, Ethylenediamine tetra-acetic acid (EDTA) and 2, 4 — dinitrophenol
(DNP) respectively for 1 hour at 4°C, and aliquots were removed and used in enzyme assays.
Activities of polygalacturonase and pectin lyase of P. sclerotigenum were stimulated by catt
and Nat, but inhibited by EBTA and DNP (Table III).

Effect of pH: Optimum activity of polygalcturonase occurred at pH 5.0, and that of
pectin transeliminase was at pH 8.5 (Fig. 4). Thus acidic conditions were more favourable to
polygalacturonase of P. sclerotigenum while alkaline conditions favoured pectin lyase activity
Pectin lyase activity was not obtained below pH 5.0. Extract of yam infected by P. sclerotige-
num has a pH of approximately 7.0, while the pH of extract from uninfected yam is approxi-
mately 6.5. Activity of polygalacturonase and pectin lyase occurred at both pH levels (Fig. 5).
Maximum activity of polygalacturonase and pectin lyase occurred at"35°C (Fig. 5). There was
arapid loss of activity of both enzymes at 50°C.

Effect of pectin concentration: Polygalacturonase and pectin lyase activities increased with
increase in concentration of pectin in the reaction mixtures, achieving saturation at pectin con-
centrations of 9 mg/ml and 11 mg/ml for pectin lyase and polygalacturonase respectively.

DISCUSSION

Penicillium sclerotigenum secreted extracellular enzymes which degraded pectic substances
hydrolytically and in a transeliminative fashion. Polygalacturonase and pectin lyase enzymes
were detected in the culture filtrates of P. sclerotigenum grown in media containing pectic
substances. Activities of both enzymes were stimulated by cations and inhibited by ethylen-
diamine tetra-acetic acid (a metal-chelating agent), suggesting that metal ions are likely to play
essential role in the activity of these enzymes. Cation stimulation and EDTA inhibition of fungal
pectinases have been reported by some workers (Sherwood, 1966; Wang and Pinckard, 1971;
Hagar and Mclntyre, 1972). Inhibition of the activities of both enzymes by 2, 4-dinitrophenol,
an uncoupling agent which interferes with aerobic phosphorylation processes, suggests the
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importance of an energy-yielding process in the activities of the enzymes (Dixon and Wabb,
1971) Besides their presence in culture filtrates, polygalacturonase and pectin lyase activities
were detected in extracts of fungal mycelium as well as in extracts of Penicillium — infected
yam tissues. Thus both enzymes were produced by P. sclerotigenum in vitro and in vivo. The
enzymes were absent in healthy yam tissues, indicating that both enzymes were of fungal
origin.

Production of polygalacturonase and pectin lyase by P. sclerotigenum occurred only when a
pectic substance was present in the medium (Table 1), suggesting the inductive nature of both
enzymes. It is believed that the inductive synthesis of enzymes by a microorganism confers on
the parent organism, an important biological control mechanism whereby the cells’ equipment
of enzymes is adjusted to the needs of its metabolism (Rose, 1968; Wiseman and Gould, 1971).
Synthesis of polygalacturonase and pectin lyase by P. sclerotigenum could be of advantage,
as the organism will be equipped with enzymes necessary for both hydrolytic and transelimina-
tive cleavage of the &, 1-4-glycosidic bonds of pectic substances contained in the host tissue.
Many workers have implicated polygalacturonase and pectin lyase in pathogenesis (Mount et al.
1970; Fanelli, Cacace and Cervone, 1978; Lisker, Katan and Henis, 1975).
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TABLE 1

Effect of carbon source on production of polygalacturonase (PG) and pectin lyase (PL) activities by

P. sclerotigenum.

Carbon source Myecelial
1% (w/v) dry wt (mg)
Mean S.E.*
Pectin 132.8+1.5a1**
Yam 348.243.5b
Carboxymethylgellulose 22.7+1.0c
Mannitol 92.2+2.5dm
Glucose 164.5+3.0e
Sucrose 174.7+1.5f
Lactose 39.6+0.9%gn
Maltose 97.4+1.1hm
Inositol 35.5+2.0in
Sodium polypectate 139.5+0.8j1
Polygalacturonic acid 33.740.5kn
*SE = Standard error

Protein
in medium

(ug/ml)

Mean S.E.

215.742.3a
480.6+3.1b
75.0+0.8¢c
110.5+1.0d
270.3+1.1e
310.9+0.7f
93.5+1.5g
150.1+0.5h
81.4+0.7il
220.6+0.5j

79.5+1.1kl

PG
(Units/ml)
Mean S.E
45.3+0.9b
39.7+1.5¢
0.0e
0.0e
0.0e
0.0e
0.0e
0.0e
0.0e
46.9+0.2a

10.5+0.1d

Pt

(Units/ml)

Mean S.
19.2+0.5a
5.5+0.1d
0.0e
0.0e
0.0e
0.0e
0.0e
0.0e
0.0e
16.3+0.90b

6.34+0.2¢

** Means followed by the same letter in each column are not significantly different (5% level,
Duncan’s multiple range test).



TABLE 11

Partial purification of polygalacturonase and pectin lyase of P. sclerotigenum

Polygalacturonase

Total Total Specific Yield Purifi-
Fraction Activity protein activity (%) cation

(units) (mg) units/mg (fold)

protein
Crude culture 117500 525 2239 100
filtrate
Concentration 47000 135 348.1 40 1.6
(UM-10)

ISY(NH),S0,4 36154 47 769.2 31 3.4
precipitation
(60 —90%)
sephadex G—-100 30128 15.2 1982.1 26 8.9
2nd(NHg)2SC4 18830 6.6, 2853.0 16 12.7
precipitation
90 %)
DEAE-Sephadex
A-50
Peak
Aa 6091 1.5 4060.7 18.1
Ab 3205 1.1 2913.6 13.0

Ac -



Total
activity

(units)

46250

22024

20022

18202

14001

3515
3400

4015

Total
protein

(mg)

525

135

47

15.2

6.6

1.5
1.1

1.2

Pectin lyase

Specific
activity

units/mg
protein

88.1

163.1

426.0

1197.5

2121.4

2343.3
3090.9

3345.8

Yield
%

100

48

43

39

30

Purifi-
cation

(fold)

1.9

4.8

13.6

24.1

26.6
35.1

38.0
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TABLE IO

Influence of some chemicals on the activities of partially purified (gel filtration, Sephadex G-100) polyga-
lacturonase (PG) and pectin lyase (PL) obtained from 168-h-old culture filtrates of p.
P. sclerotigenum

Concentration Enzyme activity as percentage of control

of chemical Cacl, NaCl EDTA DNP

(mM) PG PL PG PL PG PL PG PL
0* 100e* 100e 100e 100c 100a 100a 100a 100a
1 105d 119d 102d 100c 33b 45b 41b 49b
5 109¢ 125¢ 107¢ 101c 10c 23c 25c 30c
10 117 133b 121b 105b 2d 11d 9d 14d
20 122a 140a 125a 110a Oe Oe Oe Oe

*No Chemical added, i.e. control

**Means followed by a different letter in each column are significantly different (5% level, Duncan’s mul-
tiple range test).

LIST OF FIGURES
Fig. 1. Growth of P. sclerotigenum (as total mycelial dry weight (o) in liquid medium containing
1 % pectin (w/v), showing pH ( ) and protein content (@) in the medium, and activi-
ties of polygalacturonase ( 0—0—0, percentage reduction determingtion; 0—0-0-,
reducing sugars analysis) and pectin lyase A-O-A | thiobarbituric acid reaction at
540 nm; &A~A direct spectrophotometry at 235nm).

Fig. 2. Separation of proteins in concentrated culture filtrates of P. sclerotigenum by gel filtra-
tion, and polygalacturonase (PG) and pectin lyase (PL)activitiesof the fractions. 0—0-0,
protein (Ezgg);  0—0-9, polykalacturonase activity; — — —, pectin lyase activity.

Fig. 3. Separation by ion exchange chromatography of proteins (fractions 26 — 32) previously

separated from culture filtrates of P. sclerotigenum by gel filtration (Fig. 3), and poly-
galacturonase (PG) and pectin lyase (PL) activities of the fractions. 0—0—0, protein
(E280); 0—0—0, polygalacturonase activity ; — — —, pectin lyase activity.

Fig. 4. Effect of pH on activity of partially purified (gel filtration, fraction A, Fig. 3) polygalac-
turonase (O) and pectin lyase (4) obtained from 168-h-old culture filtrates of P. scleroti-
genum. Data points are the means of three replicates. F test was significant, P = 0.01
Turkey’s least significant range ( P = 0.05) for polygalacturonase = 0.29, and for pectin
lyase = 0.17.

Fig. 5. Effect of temperature on activity of partially purified (gel filtration, fraction A, Fig.3)
polygalacturonase (O) and pectin lyase (A) obtained from 168-h-old culture filtrates
of P. sclerotigenum. Data points are the means of three replicates. F test was significant,
P = 0.01. Turkey’s least significant range (P=0.05) for polygalacturonase - 0.20 and for
pectin lyase = 0.49.
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