The identification of a non-dialyzable proteinase
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Summary Non-dialyzable proteinase inhibtor was purified from eggplant exocarp. The
salting out, heat-treatment, DEAE-Sephadex and gel chromatographies were used, and the
ultrafiltration was used instead of dialysis except first purification step. The molecular Weight;
inhibition behaviour for proteinases and amino acid composition were the same as those of
purified inhibitor by the other methods.

These results show that the non-dialyzable and dialyzable inhibitors are identical and only one
kind of inhibitor exists in eggplant exocarp as the main inhibitor.

However, the reason why the inhibitor of molecular weight of 6000 in crude stage remains in
dialyzing tube, is still unclear.

Introduction

In previous papers”®, we have reported the occurrence and some characteristics of pro-
teinase inhibitors from the eggplant exocarp. These inhibitors could be distinguished into
dialyzable and non-dialyzable. They were at first regarded as distinct inhibitors and their
purification studies were therefore carried out individually®. Recently, the dialyzable inhibitor
was purified completely®®. During the dialysis of the partially purified non-dialyzable inhib-
itor, a large amount of inhibitory activity appeared in outer solution through the membrane
of Visking tube. This phenomenon suggests that the both inhibitors are identical. Therefore,
we tried the purification of inhibitors without separating it into dialyzable and non-dialyzable
with the use of the acetylated Visking cellulsoe tube and the only one purified inhibitor was
obtained®. The properties of this inhibitor were in good agreement with those of the puri-
fied dialyzable inhibitor, indicating that the both inhibitors are the same.

However, the identification of non-dialyzable inhibitor with dialyzable is still not achieved.
In this paper, the purification of the non-dialyzable inhibitor is examined by the methods
without the use of dialysis except first step of purification, and the properties of purified
inhibitor are compared with those of the inhibitors purified by the other methods.
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Materials and Methods

All materials and methods are almost the same as those described previously?. As the
substrates, a-N-benzoyl-D, L-arginine-p-nitroanilide for trypsin, and a-N-benzoyl-L-tyrosine-
p-nitroanilide for chymotrypsin were used. |

Results and Discussion

1. Purification procedure of non-dialyzable proteinase inhibitor from eggplant exocarp.

The eggplant exocarp (11,8 kg) was ground with 0.1 M sodium acetate buffer, pH 5.5
(11. 8 1). The extract was heated at 80°C for 10 min. After the filtration, ammonium sulfate
was added to the filtrate to give 80 % saturation. Resultant precipitate was dissolved in
water and the solution was dialyzed against water with Visking cellulose tube. During the
dialysis, 40 to 50 % of total trypsin inhibitory activity passed through the cellulose tube.
The dialysis for at least one week with the daily exchange of water was required in order
to remove the dialyzable inhibitor completely. After the dialysis, the inner solution was
concentrated and lyophilized.

Lyophilized sample (24.6 g) dissolved in 0.02 M phosphate buffer, pH 7.0 was applied
on a column of DEAE-cellulose equilibrated with phosphate buffer above mentioned to remove
the colored material which was strongly adsorbed on a column. The inhibitor fraction was
eluted with the same buffer as non-colored solution. The fractions containing inhibitory
activity were collected, desalted with a Diafilter (membrane G-01T, fractionation range of mol.
wt. 1000) and lyophilized (226 mg).

This sample was dissolved in 0. 1M acetate
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buffer, pH 5. 4 and the solution was chromato-
graphed on a column of DEAE-Sephadex
A-925 equilibrated with 0.1 M acetate buffer,
pH 5. 4. The elution was performed with the
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same buffer. As shown in Fig.1, a high

protein peak with a slight proteinase inhibi-
tory activity appeared first of all and then a

strong inhibitory activity peak was revealed.
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Furthermore, the column was treated with fraction No.

the linear gradient of NaCl (0 to 1. 0 M) and Fig. 1. DEAE-Sephadex A-25 chromatography.
column size 2.5x4lcm; flow rate 3oml/
o _ hr; one fraction 6.5ml; —e— absorbance
but the activity was very low. The main at 280 nm; —@— trypsin inhibitory acti-
inhibitor fractions were collected, desalted vity; - (- chymotrypsin inhibitory acti-

. . Jo it § e —— ion.
with a Diafilter and lyophilized (41.0 mg). vy NaCl concentration

another inhibitory activity peak was gained

2. Gel chromatography on Sephadex G-50.
The lyophilized inhibitor sample obtained by the methods above mentioned was dissolved
in 0.1 M acetic acid and solution was applied to a column of Sephadex G-50 equilibrated
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with acetic acid solution, followed by elution
with the same solution. The protein peak
was shown as a single peak and it was com-
pletely coincided with the inhibitory activity
as shown in Fig. 2. The molecular weight
of the inhibitor was calculated to be about
6000 from the elution position. The fractions
of this peak were pooled and lyophilized.
This sample was regarded as a final non-
dialyzable inhibitor preparation (30.5 mg).
3. Inhibitory activity of the non-dialyzable

inhibitor.

Fig. 3 shows the inhibitory activity of the
purified non-dialyzable inhibitor against tryp-
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Fig. 2.
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fraction No. Lo
Gel filtratlion of the inhibitor obtained by
DEAE-Sephadex A-25 chromatography on
Sephadex G-50. column size 2.5X96cm;
flow rate 20ml/hr; one fraction 4ml;
—@— absorbance at 280 nm; —Q—
trypsin inhibitory activity.

sin. Inhibitor A designates the purified dialyzable inhibitor®, and inhibitor C means the
inhibitor prepared with the use of acetylated cellulose tube for dialysis®. Inhibitor B is the
one under consideration in this paper. One pg of the inhibitor completely inactivated 3.6 to

3.7 pg of trypsin in all cases. If it is assumed that 1 mol trypsin is inactivated by 1 mol inhi-

bitor, Fig. 3 indicated that the molecular weight of the non-dialyzable inhibitor was calculated
to be 6300 to 6400 on the basis of the molecular weight of 23300 for trypsin?.

This inhibitor also inhibited chymotrypsin but the inhibition did not show stoichiometric
reaction and the behaviour of inhibition for chymotrypsin was almost the same as those of

inhibitor A and C.
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Fig 3. The inhibition of proteinases by purified inhibitors. —@—, trypsin;
—(Q—, chymotrypsin. See in the text about inhibitor A B and C.
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4. Amino acid composition.

The results of amino acid analyses of non-
The time
for hydrolysis was 24 hr. They were computed

dialyzable are given in Table 1.

based on the molecular weight of 6300. The
inhibitor was composed of 58 amino acid
residues, from which the molecular weight
was calculated to be 6203. The amino acid
composition of non-dialyzable inhibitor is in
good agreement with that of inhibitor C.

" In conclusion, the data of the molecular
weight, inhibitory behaviour for trypsin or
chymotrypsin and the amino acid composition
mean that non-dialyzable inhibitor is identical
with the dialyzable one or the inhibitor pre-
pared with the acetylated cellulose tube for
dialysis. Also these results suggest that only
one kind of main inhibitor having the mole-
cular weigh of about 6000 exists in eggplant
exocarp.

However, the reason why the inhibitor of
molecular weight of about 6000 in crude stage
remains in cellulose tube during dialysis for
long time, is still obscure.
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Table 1. Amino acid composiiion of the eggplant
trypsin inhibitor
amino acid inhibitor*
A C B
Lysine 4 4 4.2 (4)**
Histidine 0 0 0
Arginine 3 3 3.0 (3
Aspartic acid 7 7 7
Threonine 2 2 2.2 (2
Serine 4 4 3.5 W
Glutamic acid 4 5 4.6 (5)
Proline 5 5 5.0 (5)
Glycine 7 7 6.7 (7
Alanine 3 3 2.8 (3
Cystine/2 8 8 8.3 (8
Valine 0 0 0
Methionine 0 0 0
Isoleucine 4 4 3.6 (4
Leucine 2 2 1.9 (2
Tyrosine 2 2 1.8 (2
Phenylalanine 2 2 2.2 (2
Tryptophan 0 0 0
Total 57 58 (58)
* Inhibitor A, B and C are the same as those in
Fig. 3.
** The nearest integers are expressed in paren-
theses.
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