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Abstract 

Extma of corn. barley, ragi. sorghum. pearl millet. setaria. echinocloa and kodo seeds were tested for inhibitory 
aaivity against human and bovine PanLreatic proteases. Setaria was equally activesgainsr Ihr two systems. Kodo 
earmarecfl'ecttre in inhibiting thecaseinolytic.trypric(h)drol)sisof benroylnrglninep-nitrt>enilide-HAPNA)und 
chymotryptic (hydrolysis of acetyl tyrosine ethyl ester-ATEE) activities of the human pancreatic preparation 
whemar corn, barley and echinocloa were polent against the bovine sysrem. Other secda showed mixed patterns 
Inhibitory activity against elastase (hydrolysis of succinyl trialankl p-nilroanilide-STANA) activitv in bovine 
pancreatic extract was relatively poor in all the seeds. Cornparatwe studies on the inhibition ofciystallizedporcine 
elastaw with careinand STANA assubstratesshawcd that ma~nitudeofrn~hibitionwasmore11.70foldi~,bnrlevto, 
13.2 fold in pearl millet) with all the seeds when casein was used. Similnrstud~esu,ith crystallme bovine trypsm and 
chrrnotrvmin raea led  sien~ficrnt  difference onlv with kodo. whrch was f w n d  to  beciehr tune\ more nr~aerlul  in 

Kq reds; Millet proteinare inhibitan. action o n  human, bovine, porcine pancreatins, natural and synthetU 
sob st rate^. 

I. Introduction 

Protease inhibitors from millets and minor grains like sorghum'. ragi'. pearl millet'. corn' 
and barley5 have been isolated and characterized. However. dctailed 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 o n  the 
aciion of cight cereal extracts on the caseinolytic, tryptic and chymotryptic activities of 
bovine and human pancreatic preparations. The data are correlated to the inhibitor). 
Patterns obtained with pure bovine trypsin. bovine chymotrypsiriand porcincela\tase wing 
protein and synthetic substrates. 

2. Material and methods 

2.1 Seeds 

'k following seeds were procured from Tamil Nadu Agriculturai Un~versity. Coimbatore - 
*ria(Seroria intoliro. CO-5). echinocloa (EchinorIoafiurrencucca. TO-I 1. ragi (&leusine 

I 
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(.or~,cuno, cO-10). pearl millet (Pennisetum n.phoideum. USH-9). corn (Zeamuys), barley 
( ~ ~ ~ d ~ ~ m  vulgnre). sorghum (Sorghum bicolor, '20-23) and k0do (Paspalum scorbicuh 
rum. CO-3). 

Bovine trypsin (twice crystallized), bovine a-chymotrypsin (thrice crystallized) and por& 
elastase (twice crystallized) were obtained from Millipore Corporation, Freehold, N.J., 
U.S.A. Enterokinase was partially purified up to theammonium sulphatestagefrom bovine 
duodenum according to the method of Liepnicks and Light6. Benzoyl 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. 
[J.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 werethe 
sourccs of the proenzymes. The preparations were activated by inc~~batingthesuspensionof 
I g of the powder in 25 ml of 0.01 M phosphate buffer, pH 7.6 with 0.1 ml of theenterokinase 
solution for 2 hr at 37*C in presence of 15 rng of NaCI. The mixtures were centrifugedat 
10000 X g for 20 min at 4°C and the supernatants were used as the sources of the enzymes. 

2.3 As.wy ql'prorrose acri~,itks 

Cawinolyttc activities o i  crystalline bo\,ine trypsin, hovine chymotrypsin, porcineelastase, 
activated preparations of human and hovine pancreatic extracts were determined as des- 
cribed earlier'. In routine experin~ents 10 pg of bovine trypsin, 12.5 pg of bovine a- 
chymotrypsin, 75 pg protein of the bovine ~ancreatic preparation and 150 pg protein of the 
human pancreatic preparation were used to givean absorbance of0.6 (Spectronic 20, cuvettr 
diamner. 1.3 cm A 540) under the assay conditions (pH 7.6,37OC, 10 min incuhatio Y* protein porcine elastax was used under similar conditions to give an absorbance o 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. 

Trypin amidolytic activity was determined using BAPNA as substratex. Under theassay 
conditions (pH 7.6.37'C. 30 min incubation) 10 pg of bovine trypsin, I60 pg protein ofthe 
bovine pancreatic preparatio$ and 225 pg protein of the human pancreatic preparation gave 
an O.D. value of 0.60 (A 410 nm). One unit of emyme activity is equivalent totheamount of 
enrvme that releawdp-nitroaniline amounting to an absorbance of 1.0. ~lastaseamidol~tic 
activity was measured with S T A ~ ~ a s s u b s t r a t e ' .  Under the assay conditions (pH 7.6.37'C. 
15 min incubation) 7 ~ g  of porcine elastase and 70 pg protein of hovine pancreatic prepara- 
tion gave an O.D. value of 0.6 (A410 nm). Human pancreaticextract hadvery poor STANA 
hydmiysis activity. Six mg protein of the extract gave an O.D. value of 0.6 under similar 
m Y  conditions. On@ unit of enzyme activity is the amount of enzyme that liberated 
p-c)itrmnlline equivatenc to an absorbance of 1.0. Esterase activity of chymotrypsin Was 
=aswed ~ i r h  ATEE as substrate"'. Under the assay conditions (pH 7.6. 37'C. 10 min 
incuha!ion) 1.25 pg of bovine crystalline nihymotrypsin. 6 pg protein of the bovine 
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pancreatic and 12 pg  protei~l  of human pancreatic extract yielded a n  absorbance 
of 0.6 ( A  540 nm). One unit o f  enzyme activity is defined as the amount that released 

acet%l tyrosine equivalent to  an absorbance value of 10. 

7 4 ,+qara/ion of seed extracts 

seed extracts were prepared as follows. The grains were finely powdered and homogen- 
ized %ith 4 volumes (w/v) of 0.02 M sodium phosphate buffer, pH 7.6 containing 0.15 M 
xacl. The suspensions were stirred c o n t i n ~ 0 ~ S l y  for 30 min and centrifuged at  I0000 X gfor 
20 min at 4 0 ~  and dialyzed against the same buffer for 16 h a t  4'C. The supernatants were 
mted for inhibitory activity by including a wide range of aliquots in duplicate in the assay 
systems for proteolytic activities 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 
proteolytica~ti~ity(casein~lyti~,  BAPN.4 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. 

:.6 Protein deierminarion 

Protein was determined by the method Lowry e l  at", using bovine serum albumin as 
standard. 

3. Results and discussion 

The relative inhibitory capacities of the e x t r x t s  oi millets and cereals (in the linear range of 
inhibition) on the caseinolytic, amidolytic (BAPNA)and esteroIytic(ATEE)activities ofthe 
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 all thc three 
activilies. Echinocloa was nearly 50% morc active in inhibiting the caseinolytic. amidolytic 
and esterolytic reactions of the bovine pancreatic preparation. Similarly, sorghum was also 
slightly more active on  the bovine system. Corn and barley also exhibited higher inhibition 
of the bovine preparation hut some differences in the individual reactions are discernable. 
Corn inhib~ted the amidolytic activity of the bovine system more than two fold effectively 
shereas with reference to caseinolytic and esterolytic inhibitions the preference is not so 
highly 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 ratlos of the relative activities being 2.3 
hxinolytic), 2.9 (amidolytic) and 1.7 (esterolytic) in favour of the inhibition of the human 
Panc~atic preparation. Ragi and pearl millet exhibited mixcd patterns. Even though ragi 
was 1.7 and 4.0 times, respectively, more active in blocking the caseinolytic and esterolytic 
actil.ities of the bovine extract, it was 1.4 times more cffective in inhibiting the amidolytic 
Mtivity of the human extract. Pearl millet which was equally effective in inhibiting the 
ca~inofytic activities of the two pancreat~c preparations, was nearly two times more active 
on 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 bovine pancreatic preparations 

Seed Care~nol?.ric Anlidolyric (BAPNA) Esterolytw (ATEE) 
exlract rnhibition inhibition inhibition 

(unitr'rng protein) (unitslme protein) iunltsimg protem) 

Human Bovine Human Bovine Human Bovine 

Sctaria 
Echinocloa 
Sorghum 
Corn 
Barlev 
Kodo 
Ragi 
Pearl millet 

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 (95-1008) of the amidolytic activity could he demonstrated with the 
bovine system with extracts of corn (0.18 mg protein), ragi (0.4 mg), barley (0.5 mg), 
echinocloa (I  .2 mg), setaria (1.3 mg) and pearl millet (2.0 mg) and in human system with agi- 
(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 war 
observed with ragi (0. I mg protein), barley (0.2 mg), corn (0.18 mg), echinocloa (0.6 mg) and 
sorghum f 1.8 mg) and in the human system with ragi (0.1 mg), corn (0.18 mg). barley (0.8 
mg), and echinocloa (1.2 mg). Complete inhibition could not he shown in other cases either 
due to  relatively lower inhibitory capacities of the seeds or poor linearity of inhibition at 
higher ranges. 

Thecaseinolytic inhibition unlike theamidolyticandesterolyticinhihition was linear only 
over a narrow range (up to20-40%) with respect to thevolumeofthe seed extract in allcases. 
In the case of mar ia  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 ofthe 
&kt5  with relatively high inhibitory activity, is also represented (fig. I D,E,F). Sincesetaria 
extract had no action on the caseinolytic activity of the bovine chymotrypsin and very poor 
~tefivity on ebstase (see below). it can be suggested that the limiting inhibition observed 
mpmrvnts the caseinolytic activity contributed by trypsin in both the human and bovine 
panneptic preparations. 

Tbc &%Mitory caps* of the eight seed extracts on crystalline trypsin, chymotrypsin 
and C W P %  the three important endopeptidases of pancreatic origin. by the caseinol~tk 
nm&d a n  shetun in T&bk II. Unlike with crude pancreatic preparations, the caseinolytk 
inh&tiian of pure twpsin or  chymotrypjin was linear with respect to  concentration of the 
sttd extracts up t o  50-7@?6 inhibition (except with kodo which had very poor activity). 
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PROTEIN CONCENTRATION (WG) 

F a  I. lnhibilion of protcolytic activity in human (0--0) and bovine(0--4) pancrcaticcxtracrs by sclaria wcd 
atrnct (A.B.C) and by ragi seed extract (D.E,F). 

h D  -Caseinolytic inhibition; 9.E - Amidolpic (BAPNA) inhibition; C.F - Erfirolytic IATEE) inhihitian. 

Rehtivt inhibitory activities in seed extract against pure enzymes 

Sccd Bovine Bovine Porcine 
mrm trypsin chymotrypsin elastaoe 

unitslmg protein 

b* 1.68 0.40 0.16 
Cam 1.37 0 46 0.34 
R* 2.00 0.60 0.30 
EChkmCb3 0.60 0.23 0.20 
sntrk 0.46 Nil 0.05 
Pmlndllec 0.40 Nil 0.12 
saabrm 0.16 0.31 0.27 
Kado 0.05 0.04 0.13 
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However, with elastase the linearity of inhibition was generally poor( 15-30%). Barley, corn. 
ragi and echinocloa were respectively 4.2.3.0. 3.3. and 2.6 times more active on trypsinthan 
on chymotrypsin. Sorghum and kodo, on the other hand, were more active onchymotvp- 
sin. Setaria and pearl millet did not exhibit any action on  chymotrypsin. These dataarein 
agreement with the patterns obtained with purified enzyme inhibitors of setaria". pearl 

ragi', corn.'. sorghum', and barley5. 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- 
lytic 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 amidolytic inhibition of the crude pancreatic extracts by theseed 
extracts was linear over a broader range. Comparison of amidolytic and esterolytic inhibi- 
tion of bovine pancreatic preparation (Table I) indicate that bovine tryptic activity (BAPNA 
hydrolysis) is more powerfully inhibited than the chymotryptic activity (ATEE hydrolysis) 
by sorghum and kodo. Yet, the studies with pure enzymes (Table 11) show that theseseeds 
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 he 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 naturd of the substrate. It is pertinentto point out 
that cationic human trypsin was weakly inhibited when assayed with BAPNA as thc 
substrate compared to the magnitude of inhibition with casein as substrate by Kunitz sog- 
bean inhibitori3. 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 inhibitori4. To clarify some of the unexpected patterns, studies comparing the inhihi- 
tory activities with pure enzymes in presence of casein and synthetic substrates were 
undertaken. 

In Table 111, the magnitudeofinhibition oftrgpsin, chymotrypsin andelastasewithcasein 
as well with a corresponding synthetic substrate by the seed extracts is compared. In regard 
to  antitryptic activity, wide difference in the degree of inhibition depending on the natureof 
the subtrate was observed only with kodo and pearl millet. Kodo extract was eight times 
mOTep0werful initsantitrypticactivity when RAPNA was used as thesubstrate. Conversely. 
Pear! miller was two times more effective in blocking tryptic activity when casein was the 
substrate. Even though data in Table I suggest that sorghum and kodo extracts will be poor 
inhibitors ofchymotffpsin with ATEE assubstrate, thestudies with pure enzymes beliedthis 
expeaation. In ro~;ard to chymotrypsin inhibition, a significant difference dependingonthe 
substrate was observed only with kodo. Profound effect of substrate on the magnitude of 
inhibition u5as found in studies with elastase. In ail the cases, inhibition was more with casein 
than with STANA. Differenceseven of an order of magnitude was seen with pearl millet and 
sorghum, emphasizing the importance of substrate in determining inhibition patterns by 
PruEerase inhibitors. 
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Table 111 
Relrtive inhibition of pure enzymes with casein and synthetic 

by seed extracts 

Sad Inhibition of bovine Inhibition of bovine Inhibition of porcine 
mract trypsin in presence of chymotrgpsin in presence elastase in presence of 

of 

Casein BAPNA Casein ATEE Casein STANA 

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

Kcdo 0.83 6.92 1.30 2.70 3.41 1 .56 
Sorghum 2.59 2.59 ' 6.48 6.22 7.41 1.11 
Rapi 33.30 30.W 12.50 9.40 8.33 1 .56 
Corn 22.90 25.70 7.62 7.14 9.52 4.29 
Bprlq 28.00 26-64 8.33 9.17 5.W 3.W 
Echinacloa 10.00 8.80 4.86 4.86 6.94 1.24 
Seraria 7.18 6.60 Nil - 1.28 0.38 
Pearl millet 6.M) 3.35 Nil - 3.30 0.25 

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 ofthe 
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 efastases could 
be more in presence of a protein substrate. It has been reported that elastase accounts for 

TabIe IV 
Inhibition of STANA hydrolytic activity of the bovine 
pmcreatic preparation by seed extracts 

S a d  extracts Inhibition of STANA 
hydrolysis 
(unitslmg protein) 

Ragi 0.40 
Corn 0.40 
Kodo 0.20 
Echinaloa 0.20 
Barley 0.20 
SCUM 0.038 
saryum 0.02s 
P d  millet 0.02 
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2&25% of total proteolytic activity of the human pancreatic system 1s.L6 and for 1591, 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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