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OBJECTIVES AND EXPERIMENTS CONDUCTED:

Objective 1: Oryzacystatin Content of Rice Straw.

A. Assay- Samples of rice straw were obtained from James Hill, Extension
Agronomist, UCD. The assay method of Barret (1972) was used to
determine the oryzacystatin content of rice straw.

B. Isolation and partial purification of oryzacystatin- The method

described by Abe et al. (1987) was used for the isolation and partial
purification of cystatin (P2 fraction) from rice straw.

C. SDS-PAGE electrophoresis- The P2 fraction from rice straw was

electrophoresed and assayed for papain-inhibitor activity as described by
Garcia-Carreno et al.(1993).

Objective 2: Trypsin Inhibitor Content.

A. Isolation of other inhibitors- The P2 fraction was isolated from
unhulled rice grain for the 11 major cultvars of rice grown in California.
The P2 fraction was also prepared from the bran and endosperm portions
of selected cultivars, i.e., S-201, M-201, L-201, and A-301.
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B. Assay of proteinase inhibitors - Trypsin inhibitor was assayed by the
method of Smith et al. (1980) using BAPNA as substrate. Chymotrypsin
and subtilisin inhibitors were assayed using SAPNA as substrate (Geiger,
1984). Thermolysin inhibitor was assayed using casein as substrate
(Matsubara, 1970). Pepsin inhibition was tested with hemoglobin as
substrate according to Ryle (1984).

Objective 3: Properties of Proteinase Inhibitors.

A. Stability- The thermal stability of the inhibitors (P2 fraction) isolated
from bran (cultivar L-203) was determined by incubation in water at
either 60°C, 80°C or 100°C for 30 min prior to assay for inhibitor units.
The pH stability of the same isolate was determined by incubation in
buffers ranging from pH 5-11, at room temperature (22-24°C), for 24 h.

B. Molecular Weight and Purity- Oryzacystatin and other inhibitors in the
P2 fraction from rice brans were characterized by sodium dodecylsulfate
polyacrylamide electrophoresis (SDS-PAGE) using 12% acrylamide with
the method of Fling and Gregerson (1986) and Garcia-Carreno et al.
(1993).

Objective 4. Evaluate Isolation Methodology.

Bran from medium and long grain rice was obtained from the
California Rice Growers Association, Wondland, CA. The oryzacystatin
extraction procedure of Abe et al.(1987 ), shown in Fig. 1, was modified in
various ways including: (A) ratio of extraction buffer to bran, (B) heat
treatment time, (C) heat treatment temperature, (D) repeated extraction of
bran residue(R), and (E) pre-soaking bran prior to extraction.
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Figure 1. Isolation of P2 fraction of oryzacystatin from rice bran
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SUMMARY OF 1993 RESEARCH BY OBJECTIVE:
Objective 1: Oryzacystatin Conten: of Rice Straw.

Extracts of rice straw were obtained by the method described in Fig.

... Marked inhibition of papain was observed in fractions S1 and S2, but
no inhibition activity was recovered in fractions P1 and P2. Assay of S1,
S2, P1 and P2 for inhibitor activity by SDS-PAGE showed no activity on
the gel. This indicates that the inhibitor activity detected in the S1 and S?2
fractions by spectrophotometric assay of papain was due to a constituent
other than protein. We conclude that the papain inhibition exhibited by
fractions S1 and S2 was not caused by oryzacystatir or by other
proteinaceous inhibitor. Other evidence indicates the inhibidon of papain
by the S3 fraction was caused by phenolic compound(s). Accordingly, no
further work was done with rice straw.

Objective 2: Content of Trypsin and Otiier Proteinase Inhibitors.

In addition to oryzacystatin, other proteinase inhibitors have been
isclated from cereals using similar extraction procedures as we used for
oryzacystatin (Fig. 1; Tashiro and Maki, 1979; Ohtsubo and Richardson,
1992). Accordingly, we assayed the P2 fraction for trypsin, a-
chymotrypsin, subtilisin, pepsin and thermolysin inhibition. In all cases
we checked the linearity of inhihition and the IU were calculated in an
inhibitory range between 40 and :-0%.

Pepsin and thermolysin activities were not inhibited by the P2
fraction at concentrations ranging from 0.25 to 1.50 mg/ml assay. These

data indicate the absence of aspartyl-proteinase and metallo-proteinase
inhibitors.

Among the serine-proteinases tested, trypsin and subtilisin were
inhibited strongly and chymotrypsin inhibition was less strong by the P2
fraction (Table 1). Only the rice cultivar M-103 showed a relatively high
content of a-chymotrypsin inhibitor, about 6-times more than that in the
other cultivars tested. The cultivars L-203, L-202, M-103 and Calmochi-
101 showed the highest contents of trypsin inhibitor. Trypsin inhibitors
have been iso!zted from the majority of graminae (BOISEN, 1983). The
most intensiveiy studied cereal trypsin inhibitors are those from barley
and wheat.
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To ascertain whether the trypsin inhibitor was responsible for the
low a-chymotrypsin inhibitory activity detected in the rice, inhibitory
activities of the P; fraction on trypsin in the presence of concentrations of

Table 1. Trypsin, a-chymotrypsin and subtilisin inhibitor contents
from different rice cultivars.

RTIA RCTP RSTC

Cultivars | Total Specific | Total Specific | Total Specific
activity d | activity € |activity [activity |activity [activity

S-201 68.3 0.33 5.2 0.02 769.1 3.70

M-103 82.7 | 0.40 “ 25.0 " 0.12 II 774.2 | 3.75
M-201 89.1 | 0.34 II 5.4 " 0.02 || 742.5 l 2.90
M-202 54.3 | 0.27 “ 3.2 “ 0.02 “ 958.8 l} 4.75
M-204 62.6 l 0.24 “ 4.8 “ 0.02 “ 770.4 | 3.00

i

&

1-202 “ 59.3 J| 0.37 “ 2.9 l[ 0.02 IL 238.4 || 1.50
1-203 | 77.5 “ 0.48 || 4.3 ||_0.03 I 601_.§_“ 3.75 |
M-203 54.8 0.31 2.4 0.01 503.—(3__T 2.90
M-401 51.7 0.27 1.6 0.01 716.8 3.80
Calm-101 84.1 0.38 14.1 0.06 770.5 3.50
A-301 48.2 0.21 lf 5.4 0.02 586.6 2.50

a Rjce Trypsin Inhibitor. One IU was defined as the amount that suppressed the
liberation of 1umol of p-nitroanilide per min at 37°C and pH 8.1 by the active
trypsin. b Rice a—~Chymotrypsin Inhibitor. One IU was defined as the amount that
suppressed the liberation of 1umol of p-nitroanilide per min at 25°C and pH 7.8 by
the active a-chymotrypsin. € Rice Subtilisin Inhibitor. One IU was defined as the
amount that suppressed the liberation of 1umol of p-nitroanilide per min at 25°C and
pH 7.8 by the active subtilisin. d 1U/ Kg rice. © IU/ mg protein.

a-chymotrypsin ranging from 10 to 100 pg were studied. We found that
even in the presence of saturating amounts of a-chymotrypsin, the
percentage of inhibition against trypsin was always the same. It seemed
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likely that the rice trypsin inhibitor was not responsible for the
inhibitory activity against a-chymotrypsin detected. These findings are
also in agreement with the results of TASHIRO and MAKI (1979) who
characterized a "double-headed" rice bran trypsin inhibitor without
inhibitory activity against a-chymotrypsin.

The subtilisin inhibitor contents ranged considerably, from 238.4 to
958.8 IU per Kg of rice. The highest specific activity was found in a
medium grain rice, while the lowest was in a long grain cultivar. OHTSUBO
and RICHARDSON (1992) isolated a bifunctional subtilisin/ a-amylase
inhibitor from rice bran, which showed a strong homology with similar
bifunctional inhibitors isolated from other cereals and also from other
legumes.

In order to know if the concentrations of each inhibitor were related
to one another, we calculated the correlation coefficients for the amount of
each of four inhibitors in 11 rice cultivars (Table 2). From the results
obtained, it can be concluded that inhibitor concentrations are
independent of one another.

Table 2. Matrix of correlation coefficients between papain, trypsin, o-
chymotrypsin and subtilisin inhibitors of different rice cultivars.

_ Papain Trypsin || o-Chymotrypsin || Subtilisin
Papain | 10000 | I
Trypsin | oarr [ 10000 | [

P YT YT T -
, -0.1558* 0.0693* 0.2170* 1.0000

The anatomical distribution of trypsin and subtilisin inhibitors in
rice seed was also studied (Table 3).
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Table 3. Distribution of trypsin and subtilisin inhibitor activities in
rice grain.

RICE BRAN ENDOSPERM

T i Subtilisin T i Subitilisin

Cioar | oz0 [ uosea 200 | 17 | oot [ 1s20 ] &
mmmmmmm

m-mm-mm
5] [ |

a Total Activity in IU/ Kg rice bran; b Specific Activity in IU/ mg protein;

As observed for the oryzacystatin, the trypsin inhibitor was located
mainly in the bran fraction. However, subtilisin inhibitor showed a
different distribution, since similar concentrations of this inhibitor was
detected in both fractions, bran and endosperm.

3. Objective 3: Characterization of Proteinase Inhibitors in Rice

A. Stability of the proteinase inhibitors- The effect of pH on the stability
of the four inhibitors was measured at 25°C.

As shown in Fig. 2, the oryzacystatin and the o-chymotrypsin
inhibitor were stable between pH 4 and 8, but there was a significant
decrease in activity at pH 10. Subtilisin inhibitor was most stable in a
narrower pH range, between 4 and 6. A very marked decrease in its
activity was observed below pH 4 and above pH 6. Trypsin inhibitor
retained at least 80% of its activity from pH 2 to 7, but at higher pH
values, the activity decreased very rapidly. TASHIRO and MAKI (1978)

reported that a rice bran trypsin inhibitor was only stable at acidic and
neutral pHs.

B. Thermal stability- The incubation of the inhibitors at temperatures
ranging from 60°C to 120°C for 60 min gave the results shown in Fig. 3.
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Figure 2. Effect of pH on the stability of the papain (o), trypsin (e), chymotrypsin
(+) and subtilisin (0) inhibitors from rice. (Data are average of 2 determinations,
using P2 fraction from rice cultivar 1-203).
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Figure 3. Effect of temperature on the stability of the papain (e), trypsin (o),
chymotrypsin () and subtilisin (0) inhibitors from rice. (Data are average of 2
determinations, using P2 fraction from rice cultivar L-203).

All the inhibitor activities were stable between 40°C and 80°C for up
to 1 h. Oryzacystatin, a-chymotrypsin and subtilisin inhibitors were stable
up to 100°C, but their activities decreased when incubated at 120°C for 1
h. ABE et al. (1987) reported that the activity of oryzacystatin remained
stable after incubation at 100°C for 30 min, at pH 6.0; however, about 58%
of the inhibitor activity was lost when the incubation temperature was
120°C.

A feature common to many, but not all the proteinases inhibitors, is
their surprising resistance to denaturation by heat. This peculiar
resistance to heat has been attributed to a tightly coiled conformation
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imposed by the large number of disulfide bonds found in many of these
inhibitors (RICHARDSON, 1981; XAVIER-FILHO and CAMPOS, 1989).

C. Assay of inhibitory proteinase activity by electrophoresis-
Electrophoresis was found to be useful for detecting the presence of
proteinase inhibitors in crude extracts of rice, and it also allowed the
assay and partial characterization of the inhibitors to be done without
necessitating use of purification methods that could alter their chemical
and physical characteristics. We observed that when different amounts of
extract were electrophoresed, the width of the stained band gave a semi-
quantitative measure of the correspondent inhibitor. Moreover, both
sensitivity and resolution were very dependent on the amount of extract
applied.

We observed that the inhibitory activity against papain was affected
by the presence of SDS. For this reason, we washed the gel briefly with a
2.5% Triton X-100 solution to remove SDS before incubation with the
papain solution, as suggested by LIANG et al. (1991). Better results were
obtained when we included 0.05% of Triton X-100 in the incubating
subtilisin solution. However, no improvement was observed in the
resolution of the trypsin inhibitory activity on the gel by washing with
Triton X-100 solution.

The different inhibitory activity gels conducted revealed the
presence of different zones of inhibitory activity in the P> fraction of rice
bran. No a-chymotrypsin inhibitory activity was detected with this
method. One possible explanation could be the fact that the levels of a-
chymotrypsin inhibitor in the samples were, in general, very low.

The gel assay for papain inhibition (cystatin) showed two distinct
bands and also a minor band at about 20,000-Da. The major band
corresponded to a MW of about 13,000-Da. The second distinct band was
less intense than the 13,000-Da component and had a MW of about
11,400-Da. Both distinct bands were always observed in the four samples
of rice bran analyzed (data not shown). ABE et al. (1987) reported a MW
of about 12,000-Da for oryzacystatin. Further studies, by the same
authors, demonstrated that two forms of oryzacystatin were present in
rice (KONDO et al., 1990; ABE, et al., 1991). These two forms were named
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oryzacystatin I with a MW of 11,500-Da and oryzacystatin II with a MW
of 12,000-Da. KONDO et al. (1991) suggested that the reason why two
types of cystatins occur in rice seed is that they have different target
enzymes, oryzain o and B (two cysteine proteinases of rice).

The estimated MW of the main rice trypsin inhibitor zone was
22,000-Da. TASHIRO and MAKI (1979) reported a MW, based on gel
electrophoresis, of about 14,500-Da for a rice bran trypsin inhibitor.
However, these authors determined, by gel filtration analysis, a MW of
22,000-Da for the same inhibitor (MAKI et al., 1980). They suggested that
one possible explanation for this discrepancy was a weak-self association
of this molecule with others. In like manner, it has been pointed out that
most of the purified and characterized cereal protease inhibitors have
molecular weights of 8,000 - 20,000-Da. Many of the reported values
higher than 20,000-Da may be due to adsorption of some inhibitors to
other compounds or may reflect the ability of some inhibitors to
polymerize (RICHARDSON, 1981; BOISEN, 1983; GARCIA-OLMEDO et al.,
1987).

The patterns of the trypsin inhibitor activity gels for the four rice
bran samples tested were slightly different. A-301 and M-201 showed
similar bands with a MW of about 23,000-Da, while 1L-203 and S-201
showed bands with a MW of about 22,000-Da. We conducted this assay
several times and with different extracts of the same samples and the
same pattern was always observed. Several authors pointed out the
frequency in which the proteinase inhibitors from plants exhibited high
levels of heterogeneity (RICHARDSON, 1981; BOISEN, 1983). We did not
observe cultivar differences for the molecular weights of papain nor
subtilisin inhibitors on gels (data not shown).

Bands corresponding to a MW of about 15,200-Da and 22,000-Da
were present in the subtilisin inhibitory gels. The latter subtilisin
inhibitor had the same mobility as the trypsin inhibitor band. These
results suggested that either two different types of subtilisin inhibitors
can be found in rice grain, or that the trypsin inhibitor had some activity
against subtilisin. OHTSUBO and RICHARDSON (1992) detected a 20,000-Da
subtilisin inhibitor in rice bran.
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4. Objective 4. Evaluation of Methodology for Recovering Oryzacystatin.

A. Ratio of extraction buffer to bran- The influence of increasing the ratio
of extraction buffer to bran from 2:1 v/w to 6:1 v/w is shown in Fig. 4.
For bran from both long and medium grain rice significantly better yields
of oryzacystatin were obtained using a buffer to bran ratio greater than
3:1 v/w. The specific activity of oryzacystatin recovered in the P2 fraction
tended to decrease as the ratio of extraction buffer was increased,
although differences were not significant (p< 0.05). considering yields and
specific activities, a 4:1 v/w ratio of buffer to bran was selected for
process optimization.

B. Multiple extractions of bran- The majority of oryzacystatin was
recovered from bran on the first extraction (Fig. 5). For long grain rice
bran the yields of oryzacystatin were 208, 32 and 5 IU/ 100 g bran for
the first, second and third extractions. Assuming 100% yield, inhibitor
recovered was 85%, 13% and 2% for the first through third extractions. For
medium grain rice bran, recovery was 182(83%), 23(11%) and 13(6%) IU/
100 g bran for the first through third extractions. The purity or specific
activity tended to increase with each extraction step for both medium and
long grain bran (Fig. 5). From these experiments we conclude that a one
step extraction with phosphate buffer and 0.15 N NaCl gives satisfactory
recovery of oryzacystatin compared to multiple extraction steps.

C. Pre-soaking prior to extraction- Preliminary experiments indicated that
overnight soaking of rice or rice bran in water improved the yield of
oryzacystatin. Accordingly, we determined the influence of soaking time
on the yield and specific activity of oryzacystatin from medium grain rice
bran (Fig. 6). Presoaking bran in water for 1 h significanty increased the
oryzacystatin yield (p< 0.05) and slightly increased the specific activity.
We also showed that oryzacystatin is most soluble at about 0.10 N NaCl
and is not very soluble in pure water (Fig. 7). Accordingly, presoaking in
water may soften the tissue without causing large loss of oryzacystatin
due to leaching.

160




|U/100g bran

Long Grain Rice Bran

190

- A@A@

150 @ \/ V

Project No. RU-3

Medium Grain Rice Bran

1U/100 g bran

300

2757

2507

2257

2007

1757

150

Ratio of buffer to bran

IU/mg protein

0.28

0.267

022\

0.207

Ratio of buffer to bran

1U/mg protein

0.34

0.327

0.30

0.287

0.267

ot

0.24

2 3 4 5 6

Ratio of buffer to bran

Figure 4.

Recovery and specific activity of
oryzacystatin (P2) after one

extraction with different volumes of
buffer. bpiamonds show confidence intervals (2=0.05)




- Medium Grain Rice Bran

Project No. RU-3

Long Grain Rice Bran

200 =
1 : 150 E
150 : i
8 ] S 100-
& >
00—
g g |
S >
50
- /g\ 7 =
\/ /\
0 T s 0 ' I
FIRST SECOND THIRD ' FIRST SECOND THIRD
EXTRACTION. EXTRACTION.
= 0.65-]
v\ |
0.40 0.60— .
. 0.55-
0.35- C
£ | . S 0.507
¢ PN . a2
a. L] =)
7 . s .45
g 0-30 " \/ \ :g 049
=) - . § .
. 0.40 e,
0.25] p
0.35]
0.20 . ] 0.30 A T T
FIRST SECOND THIRD FIRST SECOND THIRD
EXTRACTION. EXTRACTION.
Recovery and specific activity of
Figure 5.

oryzacystatin (P2) ai.er repeated
extraction of rice bran. Diamonds
show confidence intervals (0=0.05)

162




/ Medium Grain Rice Bran Project No. RU-3

1U/100 g bran

275 — 0.475

0.4507]
250

\; 0.425-]
225 )
0.400
200 -
0.375
1757 ’ 0.350]
I ]
0 1

1U/mg protein

150 T T 0.325
0 1 24

Soaking time (hour) Soaking time (hour)

Influence of Pre-soaking rice bran in
water on recovery and specific

activity of oryzacystatin(Pz). Buffer: bran
ranged from 3-4:1v/w; diamonds are confidence intervals,
(=0.05)

Figure 6.

Medium Grain Rice Bran

150
140

1307

-
N
o

|

1107

Units/100 g rice bran
°
o
]

©
o
|

®
o
1

70 T T T T T T 1
-0.1 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Salt conc. (M)

Figure 7.Recovery of oryzacystatin (S1) after
extraction with water (100°C)

containing different amounts of NaCl.
Dotted lines are confidence intervals (a=0.05).

163



Medium Grain Rice Bran

Project No. RU-3

IU/mg protein

210
200 AN
£ 1 /\ /\
0
o
8 . \/ :
= 1807
2
1707
160 , T T T
60 70 80 90 100
Temperature(heat treatment ,°C)
Figure 8.

Terhperature of heat treatment for 10

0.350

0.3257]

/

0.300

0.2757]

0.250

0.225

60

T

70

80

I

90

T

100

Temperature (heat treatment,°C)

‘minutes vs. the recovery and specific

activity of oryzacystatin in the (P2)

fraction . Buffer: Bran = 4:1 v/w; 24 hour

pre-soak; Diamonds are confidence intervals (a=0.05).

164




IVINVANAITUAT LT NAL AT T LI Y1 LAl

‘ =5 — e =
. 0.367]
300
e 1 . £ 0.347 ) .
§ - @ A /\ ' A A
g 5o \Vava 5 \ . e
5 5 0.32 . :
0.30“ '
200 -
T T T T T 0.28 T T T T I
0 5 10 15 20 25 0 5 10 15 20 25
Time (heat treatment,Min.) Time (Heat treatment, Min.)
Figure 9. Time of heat treatment at 80°C vs.
recovery and specific activity of
oryzacystatin in the (P2) fraction.
Buffer: Bran= 4:1 v/w; 24 h pre-soak; Diamonds are
confidence intervals (x=0.05).
Medium Grain Rice Bran
] 0.40
250 A :
1 %
1
5 4 0.3571 :
& 2007 s 1 :
a8 e i
o o
8 1 Py E 0307 §
5 v =) |
150 s <EEE;E> - 1 |
100 T T T T T T T T
5 10 15 20 25 5 10 15 20 25
Time (heat treatment, Min) Time(heat treatment, Min)
; Time of heat treatment at 100°C vs.
Figure 10.

Project No. RU-3

the -recovery and specific activity of

oryzacystatin in the (P2) fraction .
Diamonds are confidence intervals (a=0.05).

165



Project No. RU-3

D. Heat Treatment Temperature- The procedure for isolation of P2 (Fig. 1)
was modified to vary the temperature of the 10 min. 80°C treatment. The
best yield was obtained at 80°C (Fig. 8). A significantly lower yield was
obtained with a 100°C treatment. It is not clear why the yield tended to
increase as heat treatment temperature increased from 60 to 80°C. It is
possible that rice bran contains a heat sensitive substance(s) that causes
interference during the assay of oryzacystatin. As expected, the specific
activity of oryzacystatin increased significantly (P< 0.05) with heat
treatment. This is because heat treatment causes the selective coagulation
of non-inhibitor proteins and their separation from the soluble fraction
containing oryzacystatin.

E. Heat Treatment Time- The influence of heat treatment times at 80°C
and 100°C on the yield and specific activity of oryzacystatin are shown in
Figs. 9 and 10. Heating at 80°C resulted in decreased yield, but after 5-10
min at 80°C the purity of inhibitor was improved. However, heating at
100°C did not provide any benefits. We also observed that heat treatment
serves to prevent interference with the assay of oryzacystatin from
turbidity and from endogz2nous cysteine protease activity. We conclude
that a 5-10 min heat treatment at 80°C increases the specific activity of
oryzacystatin, but for commercial isolation of inhibitor, the benefits of
heat treatment appear to be marginal.
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SUMMARY:

Crude extracts of rice straw inhibited cysteine proteinases, however, the
active material was not a protein nor a specific cysteine proteinase
inhibitor. Eleven rice cultivars were assayed for inhibitors of trypsin, a-
chymotrypsin, subtilisin, aspartyl proteinases, and metalloproteinases.
Trypsin, subtilisin and, to a lesser extent, chymotrypsin inhibitors were
identified in all cultivars. Trypsin inhibitor was mainly concentrated in
the bran, while subtilisin inhibitor was distributed in both bran and
endosperm fractions. The pH and thermal stability of proteinase inhibitors
from rice was determined. Preliminary studies on the methodology for
oryzacystatin isolation showed that the inhibitor is salt soluble, mostly
recovered by one step extraction, better recovered from pre-soaked bran,
and with respect to a heat treatment loss in yield outweighs gains from
improvment in purity.
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