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Abstract

Extract of corn, barley, ragi. sorghum, pearl millet, setaria, echinocloa and kodo seeds were tested for inhibitory
activity against human and bovine pancreatic proteases. Setaria was equally active against the two systems. Kodo
was mare effecuve in inhibiting the caseinolytic. tryptic (hydrolysis of benzoyl argmnine p-nitroarilide-BAPNA) and
chymotryptic (hydrolysis of acetyl tyrosine ethy) ester-ATEE) activities of the human pancreatic preparation
whereas corn, barley and echinocloa were potent against the bovine system, Other seeds showed mixed patierns.
Inhibitory activity against clastase {(hydrolysis of succinyl trialanyl p-nitroanilide-STANA) activity in bovine
pancreatic extract was relatively poor in all the seeds. Comparative studies on the inhibition of erystallized porcine
elastase with casein and STANA as substrates showed that magnitude of inhibition was more (1.70 fold in barley 1o
13.2 fold in pearl millet} with all the seeds when casein was used. Similar studies with crystalline bovine trypsin and
chymotrypsin revealed significant difference only with kodo, which was found to be eight imes more powerful in
blocking tryptic activity when BAPNA was used as substrate.

Key words; Millet proteinase inhibitors, action on human, bovine, porcine pancreatins, natural and synthetic

substrates.

1. Introduction

Protease inhibitors from millets and minor grains like sorghum’. ragi’. pearl mitler’, corn*
and barley® have been isolated and characterized. However, detailed investigations on the
action of these inhibitors on human pancreatic proteases are lacking. Since some of these
cereals are the staple diet for man in semi-arid regions in many parts of the world, such a
study will be nutritionally important. In this communication. we report the studies on the
action of cight cereal extracts on the caseinolytic, tryptic and chymotryptic activities of
bovine and human pancreatic preparations. The data are correlated to the inhibitory
patterns obtained with pure bovine trypsin. bovine chymotrypsin and poreine elastase nsing
protein and synthetic substrates.

2. Material and methods
2.1 Seeds

The following seeds were procured from Tamil Nadu Agricultural University. Coimbatore -
Setaria (Sezaria intalica, CO-5 }, echinocloa (Echinocloa fructeneucea, CO-1). ragi ( Eleusine
1



2 SARASWATIT UDUPA ez a/

coracana, CO-10), pearl millet ( Pennisetum typhoideum, USH-9), corn (Zea mays), barley
(Hordeum vulgare), sorghum (Sorghum bicelor, CO-23) and kodo (Paspalum scorbiculg-
tum, CO-3).

2.7 Chemicals and enzymes

Bovine trypsin {twice crystallized), bovine e-chymotrypsin (thrice crystallized) and porcine
elastase (twice crystallized) were obtained from Millipore Corporation, Freehold, N,
U.S.A. Enterokinase was partially purified up to the ammonium sulphate stage from bovine
duodenum according to the method of Liepnicks and Light®. Benzoy! DL-arginine P
nitroanilide (BAPNA), N-acetyl L-tyrosine ethyl ester (ATEE), succinyl tri-L-alanyl p-
nitroanilide (STANA) were procured from Sigma Chemical Company, St. Louis, MO,
U.S.A. Other reagents were analytical grade chemicals.

Bovine pancreas was procured from a local slaughter house. Human pancreas was
obtained at autopsy. Acetone powder preparations of the frozen pancreatic tissues were the
sousces of the proenzymes. The preparations were activated by incubating the suspension of
1 g of the powder in 25 ml of 0.01 M phosphate buffer, pH 7.6 with 0.1 m! of the enterokinas:
solution for 2 hr at 37°C in presence of 15 mg of NaCl. The mixtures were centrifuged at
10000 X g for 20 min at 4°C and the supernatants were used as the sources of the enzymes,

2.3 Assay of protease acrivities

Caseinolytic activities of crystalline bovine trypsin, bovine chymotrypsin, porcine elastase,
activated preparations of human and bovine pancreatic extracts were determined as des-
cribed earlies”. ln routine experiments 10 ug of bovine trypsin, 12.5 ug of bovine a-
chymotrypsin, 75 ug protein of the bovine pancreatic preparation and 150 ug protein of the
human pancreatic preparation were used to give an absorbance of 0.6 (Spectronic 20, cuvette
diameter, 1.3 cm A 540) under the assay conditions (pH 7.6, 37°C, 10 min incubation,, ]2.5 ug
protein porcine elastase was used under similar conditions to give an absorbance of 0.45.
This was necessitated because porcine elastase action was not linear beyond this value. One
unit of caseinolytic activity was defined as the amount that produced trichloroacetic acid
soluble fragments equivalent to an absorbance of 1.0.

Trypsin amidolytic activity was determined using BAPNA as substrate®. Under the assay
conditions (pH 7.6, 37°C, 30 min incubation) 10 ug of bovine trypsin, 160 pg protein of the
bovine pancreatic preparatio'n and 225 ug protein of the human pancreatic preparation gave
an O.D. value of 0.60 (A 410 nm). One unit of enzyme activity is equivalent to the amount of
enzyme that released p-nitroaniline amounting to an absorbance of 1.0. Elastase amidolytic
activity was measured with STANA as substrate’. Under the assay conditions (pH 7.6.37°C.
IS min incubation) 7ug of porcine elastase and 70 ug protein of bovine pancreatic prepara-
tion gave an O.D. value of 0.6 (A 410 nm). Human pancreatic extract had very poor STANA
hydrotysis activity. Six mg protein of the extract gave an 0.D. value of 0.6 under similar
assay conditions. One unit of enzyme activity is the amount of enzyme that liberated
p-nitroanifine equivalent to an absorbance of 1.0, Esterase activity of chymotrypsin was
measured with ATEE as substrate'. Under the assay conditions (pH 7.6. 37°C, 10 min
imeubation) 1.25 upg of bovine crystailine a-chymotrypsin, 6 ug protein of the bovine
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pancreatic extract and 12 pg protein of human pancreatic extract yielded an absorbance
value of 0.6 (A 540 nm). One unit of enzyme activity is defined as the amount that released
aceryl tyrosine equivalent to an absorbance value of 10.

24 Preparation of seed extracts

Seed extracts were prepared as follows. The grains were finely powdered and homogen~
ized with 4 volumes (w/v) of 0.02 M sodium phosphate buffer, pH 7.6 containing 0.15 M
NaCl The suspensions were stirred continuously for 30 min and centrifuged at 10000 X g for
2 min at 4°C and dialyzed against the same buffer for 16 h at 4° C. The supernatants were
sested for inhibitory activity by including a wide range of aliquots in duplicate in the assay
systems for proteolytic activitics as described above. The seed extracts by themselves did not
have any measurable hydrolytic activity on casein, BAPNA, ATEE or STANA under the

assay conditions.

2.5 Inhibitory units

One unit of inhibitory activity is the amount of the seed extract that suppressed one unit of
proteolytic activity (caseinolytic, BAPNA hydrolysis, ATEE hydrolysis or STANA hydroly-
sisas the case may be) under the assay conditions. The inhibitory units for routine purposes
were calculated based on inhibition in the linear range.

2.6 Protein determination

Protein was determined by the method Lowry er al'', using bovine serum albumin as
standard.

3. Results and discussion

The relative inhibitory capacities of the extracts of millets and cereals (in the linear range of
inhibition) on the caseinolytic, amidolytic (BAPNA)and esterolytic (ATEE) activities of the
human and bovine pancreatic preparations arc shown in Table 1. Setaria had comparable
action on both the pancreatic preparations with respect to the inhibition of ali the three
activities. Echinocloa was nearly 509% morc active in inhibiting the caseinolytic, amidolytic
and esterolytic reactions of the bovine pancreatic preparation. Similarly, sorghum was also
stightly more active on the bovine system. Corn and barley also exhibited higher inhibition
of the bovine preparation but some differences in the individual reactions are discernable.
Corn inhibited the amidolytic activity of the bovine system more than two fold effectively
whereas with reference to caseinolytic and esterolytic inhibitions the preference is not so
aighly magnified. Barley was characteristic in that it inhibited the esterolytic activity of the
bovine preparation about 5.6 fold more effectively. Kodo was the only seed that had
preferential action on the human system, the ratios of the relative activities being 2.3
{raseinolytic), 2.9 (amidolytic) and 1.7 (esterolytic) in favour of the inhibition of the human
pancreatic preparation. Ragi and pear! millet exhibited mixed patterns. Even though ragi
was 1.7 and 4.0 times, respectively, more active in blocking the caseinolytic and esterolytic
activities of the bovine extract, it was 1.4 times more cffective in inhibiting the amidolytic
activity of the human extract, Pearl millet which was equally effective in inhibiting the
caseinolytic activities of the two pancreatic preparations, was nearly two times more active
o the bovine system in regard to inhibition of the amidolytic and esterolytic activities.
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Table I

Relative inhibitory activities in seed extract against human
and hovine panereatic preparations

Seed Caseinolytic Amtidolytic (BAPNA)  Esterolytic (ATEE)
extract inhibition inhibition inhibition
(units’ mg protein) {units/ mg protein) (units/ mg protein)
Human Bovine Human Bovine Human Bovine
Setaria 0.47 0.52 105 0.98 0.04 0.04
Echinocloa 0.40 0.60 0.93 1.33 0.21 0.32
Sorghum 0.27 Q.31 0.20 0.27 0.058 0.062
Corn 1.37 183 2.29 5.00 1.03 1.37
Barley 0.64 i44 1.2 1.92 0.17 0.96
Kodo 0.25 0.1} 1.00 0.35 0.120 0.07
Ragi 1.50 2.60 5.20 3.60 04 1.60
Pearl millet 0.40 0.40 0.36 0.64 0.014 0.03

The diminution of amidolytic and esterolytic activities of the pancreatic preparations was
proportional to inhibitor concentration up to 50-70% inhibition with different seed extracts.
Complete inhibition (95-1009%) of the amidolytic activity could be demonstrated with the
bovine system with extracts of corn (0.18 mg protein), ragi (0.4 mg), barley (0.5 mg),
echinocloa (1.2 mg), setaria (1.3 mg) and pearl millet (2.0 mg) and in human system with ragr-
(0.4 mg), corn (0.7 mg), echinocloa (1.2 mg), setaria (1.3 mg) and pearl millet (4.0 mg).
Similarly, complete inhibition of ATEE hydrolysis in bovine pancreatic preparation was
observed with ragi (0.1 mg protein), barley (0.2 mg), corn (0.18 mg), echinocloa (0.6 mg) and
sorghum (1.8 mg) and in the human system with ragi (0.1 mg), corn (0.18 mg). barley (0.8
mg), and echinoclea (1.2 mg). Complete inhibition could not be shown in other cases either
due to relatively lower inhibitory capacities of the seeds or poor linearity of inhibition at
higher ranges.

The caseinolytic inhibition unlike the amidolytic and esterolytic inhibition was linear only
over a narrow range {up to 20-409) with respect 1o the volume of the seed extract in all cases.
In the case of setaria alone a limiting maximal inhibition of one third of the caseinolytic”
activity was observed with both the pancreatic preparations. The inhibition profiles of
setaria extract are shown in fig. 1 (A.B,C). For comparison. the action of ragi. one of the
millets with relatively high inhibitory activity, is also represented (fig. 1 D,E,F). Since setaria
extract had no action on the caseinolytic activity of the bovine chymotrypsin and very peor
activity on clastase (see below). it can be suggested that the limiting inhibition observed
represents the caseinolytic activity contributed by trypsin in both the human and bovine
pancreatic preparations,

The inhibitory capacities of the eight seed extracts on crystalline trypsin, chymotrypsin
and clastase, the three important endopeptidases of pancreatic origin, by the caseinolytic
method are shewn in Table 1. Unlike with crude pancreatic preparations, the caseinolytic
inhibition of pure trypsin or chymotrypsin was linear with respect to concentration of the
seed extracts up to 50-70% inhibition {except with kodo which had very poor activity).
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Fic. 1. Inhibition of proteolytic activity in human (®--—) and bovine (0——0) pancreatic extracts by setaria seed

extract {A,B.C) and by ragi seed extract (D.E,F).

idolytic (BAPNA) inhibition; C.F — Estérolytic (ATEE) inhibition.

A —Caseinolytic inhibition; B.E - A:

Table H
Relative inhibitory activities in seed extract against pure enzymes
Seed Bovine Bovine Porcine
extract trypsin chymotrypsin elastase
units/ mg protein
Barkey 1.68 0.40 0.16
C’onAa .37 0.46 0.34
Ragi 2.00 0.60 0.30
Ed‘irtodoa 0.60 0.23 0.20
Setarim 0.46 Nil 0.05
Pearl millet 0.40 Nil 0.12
Sorgharm 0.16 0.31 0.27
Kodo 0.05 0.06 0.13
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However, with elastase the linearity of inhibition was generally poor (15-309). Barley, corn,
ragi and echinocloa were respectively 4.2, 3.0, 3.3, and 2.6 times more active on trypsin than
on chymotrypsin. Sorghum and kodo, on the other hand, were more active on chymotryp-
sin. Setaria and pearl miliet did not exhibit any action on chymotrypsin. These data arein
agreement with the patterns obtained with purified enzyme inhibitors of setaria ', peari
millet’, ragi’, corn®. sorghum’, and barley®. The elastase inhibitory capacity relative to
antitryptic activity was poor in all the seeds except with sorghum and kodo. These data
indicate the wide differences in the spectrum of action of the inhibitors from grains.

Analysis of the data presented above reveals some apparent anomalies. While the caseino-
Iytic inhibition of pure trypsin and chymotrypsin by the seed extracts was proportional ta
inhibitor concentration over a wide range, the patterns with pancreatic preparations were
not. Yet, the esterolytic or amidoiytic inhibition of the crude pancreatic extracts by the seed
extracts was linear over a broader range. Comparison of amidelytic and esterolytic inhibi-
tion of bovine pancreatic preparation (Table I) indicate that bovine tryptic activity (BAPNA
hydrolysis) is more powerfuily inhibited than the chymotryptic activity (ATEE hydrolysis)
by sorghum and kodo. Yet, the studies with pure enzymes (Table II) show that these seeds
block bovine chymotrypsin rather than trypsin more effectively based on the caseinolytic
inhibition. One of the reasons for these differences could be that the inhibitors when mixed
with a crude pancreatic preparation could be bound to different target enzymes reducingthe
observed potency or they could be subjected to limited proteolysis by non-target enzymes
altering their activity. Alternatively, the discrepancies could be due to the differences in
magnitudes of inhibition depending on the nature of the substrate. It is pertinent to point out
that cationic human trypsin was weakly inhibited when assayed with BAPNA as the
substrate compared to the magnitude of inhibition with casein as substrate by Kunitz soy-
bean inhibitor'’, On the other hand, human chymotrypsin was more effectively inhibited by
the same inhibitor when a synthetic substrate rather than casein was used'’. Differential
patterns of inhibition depending on the nature of the substrate were also reported for acacia
seed inhibitor'®. To clarify some of the unexpected patterns, studies comparing the inhibi-
tory activities with pure enzymes in presence of casein and synthetic substrates were
undertaken.

In Table 111, the magnitude of inhibition of trypsin, chymotrypsin and elastase with casein
as well with a corresponding synthetic substrate by the seed extracts is compared. In regard
to aptitryptic activity, wide difference in the degree of inhibition depending on the nature of
the subtrate was observed only with kodo and pearl millet. Kodo extract was eight times
more powerful inits antitrypticactivity when BAPNA was used as the substrate. Conversely.
peari millet was two times more effective in blocking tryptic activity when casein was the
substrate. Even though data in Table [ suggest that sorghum and kodo exiracts will be poor
inhibitors of chymotrypsin with ATEE as substrate, the studies with pure enzymes belied this
expectation. In regard to chymotrypsin inhibition, a significant difference depending onthe
substrate was observed only with kodo. Profound effect of substrate on the magnitude of
inhibition was found in studies with elastase. In all the cases, inhibition was more with casein
than with STANA. Differences even of an order of magnitude was seen with pear] millet and
sorghum, emphasizing the importance of substrate in determining inhibition patterns by
protease inhibitors.
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Table HI
Relgtive inhibition of pure enzymes with casein and synthetic

substrates by seed extracts

Seed Inhibition of bovine Irhibition of bovine Inhibition of porcine
extract trypsin in presence of chymotrypsin in presence elastase in presence of
of
Casein BAPNA Casein ATEE Casein STANA

(ug of enzyme inhibited by one mg protein of the seed extract)

Kodo 0.83 6.92 1.30 2.70 3.47 156
Sorghum 259 259 648 6.22 7.41 111
Ragi 33.30 30.00 12.50 9.40 8.33 156
Com 22.90 25.70 7.62 7.14 9.52 429
Barley 28.00 26.60 833 9.17 5.00 3.00
Echinocloa 10.00 8.80 4.86 4.86 6.94 1.24
Setaria 7.18 6.60 Nil - 1.28 0.38
Pearl millet 6.60 335 Nit - 3.30 025

The human pancreatic preparation showed very poor STANA hydrolytic activity and
hence the effect of seed extracts on this activity could not be investigated. The effect of the
seed extracts on STANA hydrolysis by bovine pancreatic preparation is shown in Table IV.
The inhibitory activities were generally low and unlike with inhibition of BAPNA and
STANA hydrolyses, the linearity was restricted to a narrow range of 20-30% except in the
cases of corn, barley and ragi. Near complete inhibition of STANA hydrolysis was found
with ragi (2.0 mg protein), corn (2.8 mg) and barley (5.0 mg). It is reasonable to assume that
as was observed with porcine elastase, inhibition of bovine and other animal elastases could
be more in presence of a protein substrate. It has been reported that elastase accounts for

Table IV
Inhibition of STANA hydrolytic activity of the bovine
pancreatic preparation by seed extracts

Seed extracts Inhibition of STANA
hydrolysis
{units/ mg protein}

Ragi 0.40
Corn ) 0.40
Kodo 0.20
Echinoctoa 0.20
Barley 0.20
Searia 0.038
Sorghum 0.025

Peari miliet 0.02
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20-259% of total proteolytic activity of the human pancreatic system

SARASWATI L. UDUPA eral

15,18

and for 15% in

bovine system'. In view of these points, detailed studies on the effect of plant protease
inhibitors on elastases will be nutritionally relevant.
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