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Partial purification and some properties of a polygalacturonase
produced extracellularly by Alternaria alternata (Fr.) Keissl

SWATI KOTWAL* AxD N. V. SHASTR]
Department of Biochemistry, Nagpur University, Nuagpur 440010, Iadia.

Abstract

A polygalacturonase was purified to about 480 fold from the culture filtrate of Alternaria alternata
(Fr.) Keissl. The partially purified enzyme had a pH optimum of 5:2 and activation energy of 4-77K
cal/mole for polygalacturonic acid (sodium salt). V,, and K, were found to be 333 u moles of
galacturoric acid liberated per how at 37° and 0-106% (2-9 x 10~*M) polygalacturonic acid respec-
tively. The enzyme wasonly slightly activated by Ca** and Co**. Tannic acid inhibited the activity
but chlorogenic, caffeic and ferulic acids did not have any effect. The purified enzyme did not
utilize low chain length oligogalacturonides indicating that it might be an endopolygalaciuronase.

Key words: Pectolytic enzyme, pathogenesis in fruits, host-pathogen relationship.

1. Introdaction

Pectolytic enzymes arc known to be produced by a number of organisms and have
received considerable attention also because of their technological applications?. Fungal
enzymes have received particular attention in this respect.  Apart from their industrial
importance, pectolytic enzymes have also been implicated in pathogenesis in fruits by
various organisms and have been cxtersively studied from this anglc also. Some Know-
ledge of the bchaviour of these enzymes (e.g., optimum ‘cond‘itions foF maximum acti-
vity) is likely to lead to a better understanding of | mechanisms involved in ho§t-;?athOgcn
relationship. It might also help in a morc efficicnt usc of these enzymes in industry.

a number of Alternaria specics have been shown to producc poly-

Among fungi, . ; _
: both in vitro and in infected plant tissucs® 3, A strain of

galacturonase (PG) activity,
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Alternaria alternata (Fr.) Keissl, which was isolated by the authors® in this laboratory
from infected Mandarin oranges was found to produce considerable PG activity under
suitable culture conditions®. The present paper describes partial purification of such a
polygalacturonase and some of its kinctic propertics.

2. Material and methods

2.1. Organism

A. alternata was maintained on potato dextrose agar, The culture was grown in a
medium containing 0-5% pectin and 0-59 ccllulose powder®, The initial pH of the
medium was adjusted to 3:0.  The medium was sceded with 4% inoculum and incubated
at 25° for 96 hours.

2.2. Enzyme assay

PG activity was determincd by measuring the liberation of reducing groups. One ml
of rcaction mixture contained suitably diluted enzyme, 50 mM acetate buffer pH 5:2
and 0-259% polygalacturonic acid sodium salt (Sigma Checmical Co., U.S.A). Boiled
enzym: was used in control tubcs. The incubatior temperaturc was 37° ard time 1 hr,
Galacturonic acid release was measured by arsenomolybdate method®, taking galactu-
ronic acid monohydrate (Sigma) as the standard.

2.3. Determination of proteins

Proteins in the enzyme: preparations werc estimated by the spectrophotometric method
(E 280/E 260) of Warburg and Christain?,

2.4. Purification of PG

All the operations were carried out at 0°~4° unless othcrwise stated.

Step 1 : The fluid from the culture bottles was pooled, filtered through Whatman
No. 41 and centrifuged to get a clear solution. This was designated as crude enzyme.

- Step 2 : 250 ml of the crude cnzyme was dialysed against distilled water for 20
hours and werc concentrated against sucrose to a firal volume of 39 ml. This prepa-
ration was desigrated as dialyscd and concentrated erzyme.

Step 3 : 37 ml of the enzyme obtained in step 2 was dialysed for a brief period
against 0-02 M acctate buffer pH 50 and was loaded on a DEAE cellulose column
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of 1:4 xX22cm, previously equilibrated with 0:02 M acetate buffer, pH 5:0. The
proteins were ¢luted with a stepwise gradient as follows:

0-02 M acetate buffer pH 5-0 containing no NaCl—30 ml

0:02 M acetate buffer pH 5-0 cortaining 0:03 M NaCl—30 ml

002 M acetate buffcr pH 50 containing 0:06 M NaCl—60 ml

0:02 M acetate buffer pH 5-0 containing 0-08 M NaCl—80 ml

0-02 M acetate buffer pH 5-0 containing 0:18 M NaCl—140 m]

10 ml fraction was collected. Fractions having maximum PG activity (Fig. 1) were
pooled, concentrated against sucrose and dialyscd for a brief period against 0-02 M

acetate buffer pH 5:0. The final volume was 16:4 ml. This constitutcd DEAE cellu-
lose fraction, .

Step 4 : 16 ml of the enzyme obtaired in step 3 was loadcd on a Sephadcx G-75
(Pharmacia, Uppsala, Sweden) column 1-4 x 33 ¢cm, previously cquilibrated with
0:02 M acctate buffer pH 5:0. Tre clution was done by the same buffer without
altering ionmic strength. 3 ml fractions were collected. Fractions showing maximum
activity (Fig. 2) were pooled and concentrated, This constituted the purified enzyme,

P— e

- 250
L
N
< 200}
O
5
—0.6
O 150}
. ¢
> L,
O i I —0.4
> 100 \ =z
= <{
o —0.2
R b aaidih -~ el
5 10 15 20 =
FRACTION NUMBER .
(Fr.) Kcist‘:h :

, alternat
Fia. 1. DEAE cellulese chromatograpby of polygalacturona..se frop A. alternata
Q-0 PG activity (U/ml) ©-@ A230.



160 SWATI KOTWAL AND N. V. SHASTRI

300

250

N
-
o

POLYGALACTURONASE, U
N
o
'_

100 0.4
Q
o0 0.2 §

i’ 8 12 16 20 2L 28 32 36
FRACTION NUMBER

Fig. 2. Sephadex G-75 chromatography of polygalacturonase {from A. alternata (Fr.) Keissl.
0-0 PG activity (U/ml) @-@ A280.

2.5. Polyacrylamide gel electrophoresis

The gel electrophoresis was performed on 0:6 x 7cm gel of 79, polyacrylamide using
the alkaline buffer system of Davis®., The gels were stained in 1% Amido black in
7% acetic acid®.

3. Results

3.1. Enzyme purification

The studies indicated that it is possible to extensively purify the PG from A. alternata
(Fr.) Keissl by the procedurc described. All the steps given in Table I were repeated
several times and the results were found to be reproducible. The final preparation was
apparertly clectrophoretically homogeneous.

3.2. Stability of the enzyme

The PG was stable for 15 days if stored at —20°, Repeated freezing and thawing
--c_.'h:reascd the activity to a considerable extent,
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Table I
Summary of parification of -
Keisst polygalacturonase fram caltare filtrates of A. alternatq (Fr.)
Step Vo‘lume Proteins Total‘ Units Total  Specific Purifi- Yield 4
(ml) (mg/ml) proteins (U/ml)  units activity  cation )
(U/mg
proetin)
Crude enzyme 250 0-780 195-0 28:6 7065 37-0 1000
Dialysis and 39 0.714 280 158-51
: 618 : - :
- 2 2220 6:0 87-5
tratiop
DEAE-cellulose 16-4 0-333 5-5 363-0 5952 10820 29-2 84-2
chromato-
graphy
Sephadex G-75 9-:0 0:014 0-126 243-0 2187 17857-0 4812 30-96
chromato-
graphy

3.3. Thermal stability

The PG was stable for 4 minutes when the enzyme was heated at 55° but thereafter
its activity decreased very rapidly.

The effect of pH on thermal stability was also studied. The enzyme was adjusted
to various pH values by diluting it with 0-05 M sodium acetate solutions, to have a
pH range of 3—7, before heating. These were then placed at various temperatures
between 37°~60° for 5 minutes ; and residual PG activity was measured. The PG was
most stable to heat at pHs betwcen 4-5 and the lcast stable at pH 7 (Fig. 3).

3.4. Effect of pH

PG was found to be optimum at pH 5-2

peared to be different from the crude
der the

The hydrolysis of polygalacturonic acid by
Fig. 4). In this respect the purificd enzyme ap
. which had a pH optimum at 4-4. Moreover, the crude enzyme un

enzym, " ] - -

standard assay conditions showed linear relationship with time up tcf 24 hours, buttth;e

purified enzyme showed linearity only up to 1-5 hours, The optimurt tl;ng&i ure
"f’ifiﬂ( O

was, however, the same for both the enzymes,
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Fig. 3. Effect of pH on thermal stability of Fig. 4. Effect of pH on activity of polygala-
polygalacturonase from A. alternata (Fr.) Keissl. cturonase (U/ml) from A. alternata (Fr.) Keissl.
Activity expressed as U/ml.

3.5. Effect of temperature

The PG had an optimum temperature of 50°. The activation energy (Ea), calculated
by plotting Arrhenius plot, was found to be 4:77 Kcal per mole (Fig. 5).

3.6. Effect of substrate concentration

Kinetic constants for PG were determined by plotting Lineweaver and Burk plot. Poly-
galacturonic acid was uscd as substrate (Fig. 6). V___ was calculated to be 333 x
moles galacturonic acid per hr at 37°. Assuming the molecular weight of polygalac-
turonic acid to be 35400%, K _ for PG from A. alternata was 2-9 x 10-% M.

3.7. Effect of ions

Effect of different mono and divalent jons at 1 mM concentration on PG activity was
studied (Table II). All the ions, except Ca+? and Co+2, inhibited the actjvity to varying
extents. Hg'? and Cut*?, were completely inhibitory, Ca+2 and Co+? had almost no
effect on PG activity at 1 mM concentration ; however, both tlkcse ions stimulatcd
activity at 0-5 mM concentration, The stimulation in activity was about 6% for Cat?
and 15-6% for Co*®, Both the ions were inhibitory at 5 mM corcentration.

3.8. Effect of phenolic inhibitors

Response of PG activity to tannic, chlorogenic, caffeic and ferulic acids at 1 mM concen-
tration is shown in Table III. Only tannic acid inhibited the activity. At 1 mM level,
the inhibition was about 947, and at 0-1 mM level about 44 %,
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3.9. Effect of oligoga'acturonides

Utilization of various oligogalacturonides by the PG were studied by replacing poly-
galacturonic acid in the standard rcaction mixture by di-, tri-, tetra- and pentagalacturonic
acid (Table 1V). The enzyme did not break down di-, tri- and tetragalacturonic acids
to any significant extent, Pcntagalacturonic acid was however utilised, but to a much
lesser extent than polygalacturonic acid.

4. Discussion

Results presented in the present paper indicate that it is possible to purify polygalace
turonase produced extracellularly by A. alternata, a soft rot organism of Mandarin
oranges.

Although many reports on purification of PG from different fungal sources have
appeared in litcrature!*-*3, not much work appears to have been donc on Alternaria.
Moreover, the purification reports tend to be scanty in Kinetic data. Since the present
strain causes soft rot in oranges and many other fruits, and since pectolytic enzymes are
important in onset and progress of the rot, studies on the nature of pectolytic enzymes
elaborated by A. alternata were thought pertinent. The present study was thought to
be desirable to undirtake from another view point also. Pectinases are immensely
' important jn food industries and cxploration of a new source of the enzyme 1S always

welcome.

On account of scanty work reported on PG of Alternaria spet:.ie5,_ discussion of the
propertics of the enzyme of A. alternata vis-a-vis othcrt }:e;:zorts is difficult. However,
when considered in the light of the work on other fungl 1t is apparent that the dclgz'r::;:
of purification achieved in the prescnt invcstigations: is comparable to those reported’®:™=.
Purified PG when subjected to gel clectrophorfsns appcarcd homogeneous, although
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Table 1I

Effect of different ions on polygalacturonase
from Alternaria dlternata (Fr.) Keissl

___—_____——-——__

SWAT! KOTWAL AND N. V. SHASTRI

Table III

Effect of some phenolic componnds on
polygalacturonase from Alternaria alternata
(Fr.) Keissl

Ion Conc. °, activity - . .
(mM) Addition (1 mM) % activity
Noae - None 100
Hg+ 1 G Tannic acid 6
Cu® 1 3 Tannic acid (01 mM) 46
Mn >+ 1 10 Chlorogenic acid 9
Mg+ i IS Ferulic acid 96
Fe 2 i 25 Caffeic acid 100
Zn+ i 43
Cd2* 1 45
Ca? 0-005 100 Table IV
ve 0-05 102 )
, Effect of oligogalacturonides on
. 010 104 :
04 S0 polygalacturonase from Alternaria
4 - alternata (Fr.) Keissl
- 1-0
- 5-0 3
Co2+ C-005 100 Substrate 7 activity
’s 0-05 100 — . } _
% 0-1 100 L
0-5 116 Polygalacturonic acid 100
e Pentagalacturonic acid 15
" 1-0 100 Tetragalacturonic acid N.S.
- 5-0 22 Trigalacturonic acid N.S.
Digalacturonic acid N.S.

N.S.: Not significant.

other tests of homogeneity such as isoelectric focussing and rechromatography are
needed to confirm it.

A notable diffcrence observed is that in most of the carlier reports, the protein content
of the culturce filtrate was quitc high as comparcd to our enzyme. This might bc an
advantage sincc one starts with lesscr amount of extrareous proteins, The purified
pH showed a shift in optimum pH from 4:4 to 5:2. It has been suggested that scveral
factors may be responsible for this. Firstly, it is possible that during the purification
process some substance(s) is climirated, which otherwise has some bearing on pH
optimum, Sccordly, ratio of endo-PG to ¢x0-PG chanrges during purification, It has
been observed by Mussel and Strouse!® in their studics on PG from Verticillium albo-
atrum, that culture filtrates containing different ratios of exo-PG to endo-PG do in fact
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?ihltiltt iictlﬂ':;cnt pH opt?ma when assayed as a mixture., Swinburne and Corden® have
suggeste at propertics of in vitro PG preparations may change after purification

D:ﬂic:rcnt values for activation encrgy (Ea) have been reported by different workers
Even different strains of the same specics have been found to differ in the Ea. Ea o}
8:3K calfr_nole has been reported for a strain of A. niger'® whereas Nyeste et c;ll'*' have
calculated it to be 16:065 K cal/mole for a PG from strain 21 of 4. niger. A PG from

Rhizopus arrhizus has an Ea of 11-9 K cal/mole. Compared to these the PG of
A. alternata has a low Ea ie. 4-77 K cal/mole.

A. wide range of other Kinctic constants has been reported for PG prcparations from
various sources. Rhizopus arrhizus cndo-PG has a V__ and K_ of 1-43 4 moles of
galacturonic acid/min and 0-054 9 polygalacturonic acid respectively®®, The two endo-
PGs from Trichoderma koningii have K_ values of 0-81 and 0-86 g per litre!®, V__ for
a PG of Verticillium alboatrum has been reported to be 2150 4 moles galacturonil:acid
per min/mg protein'®, The K_ was 0-15% polygalacturonic acid. Microbial PG
seems to have generally high K, vajues than the PG from fruits and grains, PG from
oat®, pcar?! and cucumber?? have been reported to have K values of 6 uM, 2 ,M

and 34 uM respectively.

The PG from A. alternata appears to be affectcd by phenolic compounds in a way
which is similar to that reportcd by Negoro?® and Liu and Luh®,

Our obscrvation that the purified PG utilizes polygalacturonic acid readily, pentaga-
lacturonic acid toa much less extent and fails to break down to tetra-, tri-,and di-galac-
turonic acid indicates that the cnzyme might be an endo-PG as suggested by Liu and
Luh?®. Studies on breakdown products of the enzyme reaction might throw further

light on the propertics of the enzymcs.
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