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INTRODUCTION.

Among leafy sources, Solanaceae have high pectin-esterase content (Holden,
1946); others that have been reported include alfalfa (Mehlitz, 1930; Lineweaver
and Ballou, 1945) and clover (Davison and Willaman, 1927; Tzerevitinov and
Rozanova, 1934). It is shown in this communication that although drumstick
(Moringa pterygosperma) leaf is not as rich a source of the enzyme as tomato pulp
(Kertesz, 1937 and 1938; Pithawala et al., 1948) or citrus peel (Mac Donnell et al.,
1945), it is comparable in this respect to leafy sources other than Solanaceae (Holden,
1946); important differences in the properties of the enzyme in relation to its source
are also brought out.

EXPERIMENTAL.
Measurement of activity.

Activity measurements were carried out as detailed previously (Pithawala
et al., 1948) by colorimetric determination of methanol liberated in 10 minutes from
buffer-substrate consisting of 5 c.c. of 0-8%, pectin solution and 5 c.c. of 0-1M
Na,HPO, at pH 8, using 0-1-—1 c.c. of the enzyme solution. Corrections were
made for non-enzymic demethylation by carrying out tests without the addition
of enzyme. One unit of enzyme represents that amount which would liberate 32 mg.
of methanol from pectin in 1 minute, under these conditions at 27°C. (41°).

Location of activity.

The fresh leaves were minced in a mortar and squeezed with hand through
muslin, 50 g. of the leaves giving approximately 24 g. of wet weight of fibres. The
distribution of enzyme in the sap before and after centrifuging and in the fibres after
extraction with 1:5 0-1M Na,HPO, at pH 8 for 2 hours are given in Table I.

TasLe 1.

Location of Activity.

Activity units per g. of % of total activity in

Centri- Centri-

Leaf. Fibre. Sap. fuged Fibre, Sap. fuged
sap. sap.

Coarsely minced 0-004113 0-0061 0-00228 0-00147 71-17 28.83 17-86
Finely minced .. | 0-0192 0-0372 0-00259 0-00144 929 7-1 3-9
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The enzyme in the sap was to a great extent associated with the cell debris
removable by centrifugation. The activity varied between 0-0358 and 0-0546
units per g. fibre in different batches and was not appreciably different in young
and old leaves.

Extraction.

In Table II are given the results of extraction of fibre a} different pH and salt
concentrations.

TasLe IT.

Effect of salt and pH on exiraction.

H of Activity units Relative
Extractant and pH P per c.c. of activity
oxtract
extract, per cent.
(?) Effect of salt concentration:

Water 7.6 5.5 0-00234 44-0
0-1 M NaCl 7-0 5.5 0-00291 54-8
02 M 7-0 5-5 0-00376 70-6
b M 7-0 5-5 0-00493 092-8
-0 M ,, 7-0 556 0-00531 100-0
20 M 7.0 5.5 0:00522 08-3

”

2 M Na,HPO, 5:0 50 0-00194 207

. 6-0 8-0 0:00234 24.9 .
2 M . 7-0 7-0 0-00706 763
2 M 55 8.0 80 0-00937 100-0
2 M NaCl 8:0 55 0:00806 86-0

Extraction of enzyme was best at pH 8 and increased with salt concentration;
use of Na,HPO, gave better yield than NaCl, due to its buffering action.

The activities of two successive extracts obtained by soaking the finely minced
fibres for 2 hours with phosphate buffer at pH 8-0 were respectively 71-6 and 28-4
per cent. of the total. For the following experiments, the minced fibres were
extracted with 1:10 weight/volume of 0-1 M Na,HPO, at pH 8 and centrifuged
at 3,000 r.p.m. for 15 minutes. The extract had an activity of 0002625 units per
c.c. and kept well when stored in the ice chest.

Partial purification of the enzyme.

A known volume of the enzyme solution (100 c.c.) was serially precipitated
with increasing additions of ammonium sulphate. The precipitates obtained after
centrifuging at each stage were dissolved in phosphate buffer (20 c.c.) at pH 8 and
their activities determined (Fig. 1). For comparison, the results obtained by
fractional precipitation with alcohol are included. Ethanol precipitation resulted
in complete loss of activity ; precipitations in the cold were not attempted (cf. Neuberg
and Kobel, 1927; Mehlitz, 1930; Lineweaver and Ballou, 1945).

Addition of ammonium sulphate did not appreciably lower the pH of the
phosphate solution on account of the latter’s buffering capacity; the maximum pH
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change was from 8 to 6, which was well outside the point of inactivation. The
results included in (Fig. 1) show that between 40 and 60 per cent concentrations
of ammonium sulphate, most of the enzyme was precipitated, more than 40 per
cent. of the original activity being obtained at 60 per cent. concentration.

Precipitation at 60 per cent concentration of ammonium sulphate, after
discarding the precipitate obtained at 30 per cent concentration, gave a product
with about 55 per cent. of the original activity. This was further purified by a second
salting out with ammonium sulphate in the same manner as above, when a prepara-
tion was obtained retaining only 32 per cent of the enzyme originally present but
with an activity of 0-00348 units per mg. dry weight as compared with 0-0000363
units in the original extract or representing a 90-fold concentration of the enzyme.
The product could be dried in vacuo at room temperature without loss in activity,
the yield being about 10 mg. per 100 c.c. of the original extract.

For the following experiments, a preparation purified as above was used, the
final precipitate from 100 c.c. of the extract being dissolved in 50 o.c. of the phosphate
buffer at pH 8.
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F1e. 1. Fractional Precipitation of the Enzyme. Fra, 2. Variation of Activity with pH and
Substrate Concentration.

Properties of the enzyme.

The effects of variations in activity with pH, time, enzyme concentration,
substrate concentration and temperature are given in Figs. 2 to 4. The dialized
enzyme solution was used only for activity pH tests; in other cases it was diluted
to half concentration.

Activity was maximum at pH 8 (Fig. 2) which agrees closely with that of tobacco
pectin-esterase (Holden, 1946). The relationships between activity and time or
enzyme concentration were linear for first 20 minutes’ de-esterification and for lower
concentrations of enzyme employed (Fig. 3). Activity increased with substrate
concentration up to 0-49%, (Fig. 2). The concentration of pectin which gave half
the maximum velocity of hydrolysis was about 0-095—0-1%. The optimum
temperature for activity was 456~50°C. for 10 minutes’ reaction time (Fig. 4) and was
nearly the same as for tomato pectin-esterase. Non-enzymic demethylation was
appreciable above 30°C.
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Stability of the enzyme.

(¢) Effect of pH.—The effects of pH on the stability of drumstick pectin-esterase
at 4°C. and at room temperature are shown in Fig. 5. The tests were made by
adding to the dialized enzyme extract an equal volume of different buffers and
keeping for one week. The enzyme was stable near natural pH of the leaf tissue,
viz. pH 5'5. (Fig. 5). Since some of the enzyme is precipitated below pH 5, the
loss may not be as much as indicated.
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(it) Effect of temperature—The enzyme extract was maintained at different
temperatures for 5 minutes before activity determinations were made. The enzyme
was inactivated completely at 70°C. (Fig. 6); the time for destruction at this tempera-
ture was less than a minute. The enzyme therefore differs from tomato pectin-esterase
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(Pithawala ef al., 1948) where presumably the salts present offered better protection
against thermal inactivation than here.

(#4t) Effect of dialysis.—The stabilizing effect of the salts on pectin-esterase
extract was interable from the rapid loss in activity of the dialysed extract on stand-
ing (Fig. 6).

Adsorption of pectin-esterase.

The adsoprtion ot drumstick pectin-esterase was studied with different adsorbents
using an aqueous solution of a partially purified enzyme preparation dialysed for
six hours. A known quantity of adsorbent (10 mg. per c.c. of extract) was shaken
with the extract for 10 minutes and the activity of the supernatant was determined
after centrifuging (Table III).

TasrLe III.

Adsorption of drumstick pectin-esterase.

(7) Use of different adsorbents at natural pH of extract:

Kiesel- . . Fuller’s Hyflo

Adsorbent .. guhr. Alumina. | Kaolin, earth, supereel, Charcoal,
Per cent of original

activity in super-

natant .. 79-3 775 94-5 866 963 81-2
(i%) Effect of pH on adsorption on alumina:
pH .. .. 4 5 6 7 8 9 10
Per cent of original activity

in supernatant .. ] 7503 7503 90-00 93-75 | 101-10 | 101-1 1011

Adsorption was better on charcoal, Kieselguhr and alumina, though only a
small part of the enzyme was adsorbed. The effect of pH on the adsorption of the
enzyme on alumina was studied using 2 c.c. of the aqueous enzyme solution, 8 c.c.
of buffer at different pH values and 5 c.c. of alumina suspension (6 mg. per c.c.).
The mixture was shaken for 10 minutes and the activity determined on the super-
natant after centrifuging. The enzyme was best adsorbed at lower pH values (pH
4 to 5 in this case); there was no adsorption at all at higher pH values. Successive
use of alumina at pH 4 showed 24 and 3 per cent. adsorption in the first and second
treatment respectively.

DiscussioN.

The studies reported here emphasisethedifferences in properties of pectin-esterase
from various sources. Drumstick leaf, like other leafy sources, excepting Solanaceae,
is poor in pectin-esterase (0-016 to 0-020 unit/g.) when compared to tomato pulp
(0-30 to 0-35 unit/g.) or citrus peel (0-060 to 0-075 unit/g.); the enzyme content is
also rather less than that of Solanaceae (0-015 to 0-03 unit/g.) Holden, (1946).
Drumstick pectin-esterase resembles tomato pectin-esterase in many of its properties
(Pithawala et al., 1948) but differs chiefly in its stability against temperature and
pH. The enzyme is inactivated to a greater extent than tomato pectin-esterase
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during precipitation with ammonium sulphate and requires higher concentration for
complete precipitation from solution. Further longer periods of soaking as well as
mineing are necessary for complete extraction of the enzyme from leaf tissues. The
enzyme also differs from citrus and tobacco pectin-esterase in its optimum tempera-
ture as well as in its thermal stability and pH. Quantitative differences in properties
of pectin-esterase from plant tissues and particularly from moulds have been pointed
out by a few workers (Hills and Mottern, 1947; McColloch and Kertesz, 1947). In
view of the fact that a partially purified preparation has been used for these studies,
it is unlikely that such differences in the properties of pectin-esterase from plant
tissues are attributable to congeneric impurities. The importance of cations
and salt concentration (Lineweaver and Ballon, 1945; MacDonnell et al., 1945) in
the enzyme extract and in the substrates are additional factors to be reckoned with.

SUMMARY.

1. Pectin-eaterase activity in drumstick leaf was determined by estimation of the amount
of methanol liberated from pectin under standard conditions.

2. The enzyme is mainly associated with the fibres, the sap containing little activity;
the extraction of the enzyme from the fibres is influenced by pH, salt concentration and the
degree of mincing and is best done at pH 8 with phosphate buffer.

3. An active enzyme concentrate or a dry preparation can be obtained by precipitating
the enzyme with 60 per cent concentration of ammonium sulphate, after discarding the initial
precipitate at 30 per cent concentration of salt.

4. The optimum conditions for enzyme activity were found to be pH 8 and 50°C. for 10
minutes’ reaction time, The enzyme is most stable near natural pH of the leaf tissue, At
70°C. it is completely inactivated.

5. The enzyme is adsorbed on charcoal, alumina and Kieselguhr, adsorption being influenced
by the presence of salts and pH of the extract.
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