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PREFACE
Whenwe look at the world as a whole, about 300,000,000 1 children
are suffering

from severe or moderate forms of malnutrition.

population of our civilization

continues to explode, an increased

world-wide seed production with improved nutritive
mandatory objective.

As the

value becomes a

Some 70%of the world's protein supply comes

f r om vegetable sources, of which cereals and pulses (includ i ng oilseeds) are a mainstay.
protein nutrition

Pulses, in particular,

role in

in areas of the world where animal products are too

expensive or not readily accepted.
attention

play a vital

Pulse proteins,

thus, demand more

in view of their important function as agents to avert pro-

tein malnutrition .

Maximization of pulse protein resources for human

food requires systematic basic research which, in turn, can provide
direction

to the applied work.

Such research efforts

rected to a group of pulses, mainly oilseeds,
their economic value.
explorations
The objectives

of a less-studied

with the realization

of

documents the biochemical

legume, black gram (Phas eol us mungo L.).

of this work have been to characterize

rice (ory za sativa
tional

This presentation

have been di-

black gram and

L.) proteins and to study changes in their nutri-

value due to fermentation.
The kinds of proteins that are in seeds largely determine the

chemical and physical properties

of the seed products.

Characteriza-

tion of seed proteins forms the foundation to which physical and
1o. K. Salunkhe, "Food, Nutrition, and Health: Problems and
Prospects,
50th Faculty Honor Lecture, Utah State University, Logan,
Utah, 1975.
11

v
biochemical observations

can be related .

been made to characterize
chemical and nutritional

In this work, an attempt has

black gram and rice proteins for their bioproperties.

The bland and beany black gram

is an essential

component of a flavorful

product~idli.

Idli is prepared by steaming the fermented batter

of a black gram and rice blend.

and appealing fermented food

Information on black gram and rice

proteins was enlaced in the final phase of work, wherein the fermentation for idli batter was studied for changes in physicochemical and
biochemical properties,

as well as for the alterations

in the nutri-

tional quality.
The investigations
Part I:

are presented in five parts as follows:

Solubilization

and electrophoretic

characterization

of

black gram proteins.
Part II:
fractions

Amino acid composition and subunit constitution

of

of black gram proteins .

Part III:

Isolation

gram trypsin inhibitor,

and physicochemical properties
and characterization

of black

of its active site .

Part IV: Extraction and characterization

of rice proteins.

Part V: Fermentation of the black gram and rice blend and its
influence on the nutritional

functionality

of the proteins.

vi

TABLEOF CONTENTS
Page
ACKNOWLEDGMENTS

ii

PREFACE
.

iv

LIST OF TABLES

x

LIST OF FIGURES

xii

ABSTRACT

xix

PARTI .

SOLUBILIZATION
ANDELECTROPHORETIC
CHARACTERIZATION
OF BLACK
GRAM
PROTEINS

INTRODUCTION

2

MATERIALS
ANDMETHODS

4

Preparation of Black GramMeal .
Determination of Protein Contents
Determination of Moisture Content .
Extraction of Proteins from the Meal
Chemical Agents for Protein Extractions
Separation of the Proteins in Various Classes
Polyacrylamide Gel Electrophoresis (PAGE)
Davis (1964) procedure
.
.
.
In sodium dodecyl sulfate (SOS-PAGE).
In phenol, acetic acid, mercaptoethanol, urea
(PAMU-PAGE)
.
.
• .
Twodimensional polyacrylamide gel
electrophoresis
RESULTS
ANDDISCUSSION
Electrophoretic Procedure .
.
.
.
.
Effects of Chemicals on Protein Solubilizati on
Two-dimensional Gel Electrophoresis
Effects of Fat Extraction on Protein
Extractabi 1i ty
Protein Fractionation

4
4
4
5
5
5
7
7
7
7
8
9
9

15
23

23
23

SUMMARY
.

26

REFERENCES

27

vii
TABLEOF CONTENTS
(Continued)
Page
PARTII

AMINO
ACIDCOMPOSITION
ANDSUBUNIT
CONSTITUTION
OF FRACTIONS
OF BLACK
GRAM
PROTEINS

INTRODUCTION

32

EXPERIMENTAL

33

Polyacrylamide Gel Electrophoresis
Isoelectric Focusing
AminoAcid Analysis
pH-Solubil ity Profiles
Gel Filtration .
.
Analytical Procedures

33
33
34
34

35
35

36

RESULTS
ANDDISCUSSION
AminoAcid Composition.
.
.
Nutritional Quality and Quantity
Ultraviolet Spectra
.
.
Isoelectric Points of Protein Subunits
SDS-Polyacrylamide Gel Electrophoresis
Two-dimensional Gel Electrophoresis
Molecular Sieve Chromatography

36
38

42
42
45

47
49

SUMMARY
.

54

REFERENCES

55

PARTIll e ISOLATION
ANDPHYSICOCHEMICAL
PROPERTIES
OF
BLACK
GRAM
TRYPSININHIBITOR,AND
CHARACTERIZATION
OF ITS ACTIVESITE
INTRODUCTION

58

EXPERIMENTAL

59

Materials
Isolation of the Inhibitor
Enzymeand EnzymeInhibitor
AminoAcid Analysis
Electrophoresis
Inhibitor Stability

59
•
Assays

Effect of heat treatment
Chemical treatment

•

60

61

62
62
63
63
63

viii
TABLEOF CONTENTS
(Continued)
Page
Kinetics
.
.
.
.
.
Chemical Modification of the Inhibitor with CHO
Fr ee AminoGroups
TNBSModification
.
•
.
Carboxypeptidase B Treatment of Trypsin-modified
Inhibitor
RESULTS
.

64
64
65
65
65

67

Isolation of the Trypsin Inhibitor.
Polyacrylamide Gel Electrophoresis .
AminoAcid Composition .
.
Stability of the Inhibitor .
.
.
Chemical Modifications of the Inhibitor
Kinetic Studies

67
67
72
72
77
82

DISCUSSION

85

SUMMARY
,

91

REFERENCES

92

PARTIV.

EXTRACTION
ANDCHARACTERIZATION
OF RICE
PROTEINS

INTRODUCTION

96

EXPERIMENTAL

97

Material
.
,
Fractionation of Rice Proteins .
Polyacrylamide Gel Electrophoresis
lsoelectric Focusing
AminoAcid Analysis
Analytical Procedures

.

RESULTS
ANDDISCUSSION
Fractionation of Rice Proteins .
AminoAcid Composition.
.
.
.
Estimation of Nutritional Quality and Quantity.
Ultraviolet Spectra
Isoelectric Focusing .
.
.
Two-dimensional Gel Electrophoresis
SUMMARY

97
97
97
97
98
99

100
100
l 01
l 03

107
107
110
115

ix

TABLEOF CON
TENT
S (Continued)
Page
.
REFERENCES
PARTV,

116
FERMENTATION
OF THEBLACK
GRAM
ANDRICEBLEND
ANDITS INFLUENCE
ONTHENUTRITIONAL
FUNCTIONALITY
OF THEPROTEINS

INTRODUCTION

119

MATERIALS
ANDMETHODS

120

Materials
Fermentation Procedure
Microbial Total Count .
. . .
Determination of Trypsin and Chymotrypsin
Inhibiting Activity
Soluble Solids .
.
In vitro Digestion .
AminoAcid Analysis
Electrophoresis

120
120

121
121
122

123
123

124

RESULTS
.
Bacteriological and Physicochemical Changes
Trypsin and Chymotrypsin Inhibiting Activities
Polyacrylamide Gel Electrophoresis
AminoAcid Composition

125
125

.

126
130
130

DISCUSSION

137

SUMMARY
.

145

REFERENCES

146

CONCLUSIONS,
ENCOURAGEMENTS,
ANDINTERROGATIONS

149

BIBLIOGRAPHY

153

VITA

163

x

LIST OF TABLES
Table
l.
2.
3.
4.
5.
6.
7.

8.
9.

Page
Effects of salts and their concentrations
extractability
of black gram proteins .

on
10

Effects of phosphates and their concentrations
extractability
of black gram proteins .

on
11

Effects of dissociating agents and their concentrations on protein solubility
Effects of fat extraction
black gram powder.
Quantitative
fractions .

12

on protein solubility

of
25

analyses of black gram protein
25

Amino acid composition of black gram proteins and
their fractions

37

Nutritional evaluation
their fractions

39

Subunit constitution
globulins

of black gram proteins and
of black gram albumins and
48

Molecular sieve chromatography of the black gram
globulins

52

10.

Summaryof the purification

68

11.

Amino acid compositions of the inhibitor
derivative

12.
13.
14,
15.
16.

procedure.
and its

73

Effects of thermal treatment on the stability
black gram trypsin inhibitor

of

Release of amino acids after carboxypeptidase B
treatment of trypsin modified trypsin inhibitor
Amino acid composition of rice proteins
fractions .

and their

Nutritional evaluation
fractions .

and their

of rice proteins

75
81

102

Microbiological and physicochemical changes
occurring in the fermentation of black gram and
rice blend

104

127

xi

LIST OF TABLES(Continued)
Page

Table
17.

Amino acid composition of the batter of the black
gram-rice blend

134

18.

Free amino acids in the water soluble fraction
the batter of the black gram-rice blend

135

19.

Release of free amino acids from the fermenting
batter of the black gram-rice blend during pepsinpancreatin digestion

136

Nutritional evaluation of the batter of the black
gram-r ice blend (based upon its amino acid
composition)

140

Nutritional evaluation of the fermentation of the
black gram-r ice blend .

144

20.

21.

of

xii

LIST OF FIGURES
Figure
1.
2,
3.
4.
5.

Page
Schemat ic diag ram for fractionation
protei ns .

of black gram
6

Comparison of three electrophoretic procedures
with protein extract of black gram with 5% NaCl

14

Densitometric patterns
commoninorganic salts

17

of protein extracts
on PAMU-PAGE

with

Densitometric patterns of protein extracts
selected phosphates on PAMU-PAGE
.

with
20

Densitometric patterns of protein extracts with
protein - dissociating agents on PAMU-PAGE
.

22

Photograph of two-dimensional slab gel of black
gr am proteins, extracted in 10%Na2so4

24

7.

Ultraviolet absorption spectra for the protein
fr actions isolated from black gram

43

8.

Isoelectric focusing of protein fractions
isola t ed from black gram .

44

9.

The pH-solubility

46

6.

10.

profile

for black gram globulins

Two-dimensional slab gel electrophoresis of protein
fractions (Part I) isolated from black gram

50

11.

Gel filtration

of black gram globulins

53

12.

Affinity

chromatography on Con A-Sepharose

69

13.

Evaluation of homogeneity of trypsin inhibitor
by electrophoresis

70

Time course of denaturation of black gram
trypsin inhibitor with SOS

71

Residual trypsin inhibiting activity response
surface for black gram trypsin inhibitor with
variations in pH {l, 3, 5, 7, 9, or 11) and
temperature (0, 22, 60, or 100°C)

76

Chemical modification of arginine and lysine
residues in black gram trypsin inhibitor .

79

14.
15.

16.

xiii
LIST OF FIGURES(Continued)
Figure
17.

18.
19,

20.
21,

22.
23.

24.

25.
26,
27.

Page
Lineweaver-Burk plot for the inhibition of bovine
pancreatic trypsin by black gram trypsin
inhibitor

83

Cornish-Bowden plot for the inhibition of bovine
pancreatic trypsin by black gram trypsin inhibitor

84

Ultraviolet absorption spectra for the protein
fractions isolated from Texas long-grain rice

108

Isoelectric focusing of protein fractions
isolated from Texas long-grain rice

109

Two-dimensional slab gel electrophoresis of
protein fractions isolated from Texas long-grain
rice

112

Microbial colonies on tryptone-glucose-yeast
extract agar plates

128

Changes in total soluble solids and their constituting components (sugars, crude proteins, and
acids) during the fermentation of the black gramrice blend

129

Changes in trypsin and chymotrypsin inhibiting
activities
during the fermentation of the black
gram-rice blend

131

The protein subunit pattern at different
of fermentation

132

stages

The change in protein subunit pattern during the
fermentation of the black gram-rice blend

133

The release of essential amino acids from the
batter (black gram-rice) at fermentation times
of O hour, 20 hours, 20 hours (steamed), and
45 hours .

143

xi~

ABSTRACT
Biochemical Investigations

of Black Gram (Phaseoiu s mungo L. )

and Rice (Ory za s ativ a L.) Proteins and Their Improved
Nutritional

Functi onality in the

Fermented Product~Idli
by
Vi nodkumar W. Padhye, Doctor of Philosophy
Utah State Universi t y, 1978
Major Professo r : Dr. D. K. Salunkhe
Department: Nutrition and Food Sciences
The objectives

of this investigation

have been to character i ze

black gram (Phas eo i us mungo L.) and rice (ory za s ativa
and t o study changes in their nutritional

L. ) protei ns

value due to fermentation .

Bl ack gr am, the legume chosen for this work, is one of the most import ant legume crops throughout a large part of the tropics .
The protein content of 60 mesh, dehydrated, defatted black gram
meal was 28.5 percent.

Sodium carbonate (0.5-1 . 0 percent),

sodium pyrophosphate (0. 5 percent),

tetra-

and sodium dodecyl sulfate

(0. 5-5 percent ) proved to be the potential

(SOS)

protein solubilizers

as

they extracted more than 76 grams of Lawry's protein per 100 grams
Kjeldahl protein .

On the considerations

in the final product and disruption
teins,

of contaminating residue

of native structure

these chemical agents were unsuitable .

of the pro-

Sodium sulfate

at the

10 percent level was judged to be the best protein solubilizer .
Prot ei ns separated on polyacrylamide gel using a phenol-acetic

xv

acid-mercaptoethanol-urea

(PAMU)system were run on the flat

bed gel

containing SOS. The proteins were separated in 13 constituents

and

the molecular weights of the major ones were 140,000 and 55,000.
Solubilized

proteins contained 81 percent globulins,

13 percent

albumins, 4 percent prolamins, and 2 percent glutelins .
taining amino acids and threonine were deficient
of the seeds with 27. 6 and 78.8 as their
Chemical scores of the albumin, globulin,
fractions

in total

respective

for glutelins,
constituents

proteins

chemical scores .

prolamin, and glutelin

were 64, 0, 56, and 70.7, respectively.

logical values in human nutrition

Sulfur con-

The predicted bio-

varied from O for globulins to 110

and was 14.9 for total
of the protein fractions

proteins

in the seeds.

were isoelectrically

The

focused in

the acidic pH range with the exception of two globulins for which the
isoelectric

points were 8.42 and 8.65.

The trypsin

inhibitor

from black gram was isolated

chromatography gel with 19. 5 fold purification.

using affinity

The inhibitor

75 amino acid residues and contained one disulfide

bridge.

had

Chemical

studies assigned an important role for the hydrogen bonds and
demonstrated vital
the inhibiting

importance of the disulfide

activity.

percent of the activity
Chemical modification

The inhibitor

bridge in retaining

was stable and retained 35

when heated at 100°C for 60 minutes at pH 11.
of amino aci d residues suggested the involvement

of lysine and arginine residues at the active site of the inhibitor .
Lysine and arginine moieties at the active site have been proposed
to be present as alanyllysine

and histidylarginine.

xvi
Inhib i tion of bovine pancreatic trypsin by the inhibitor

was

kinetically studied . The kinetic constants Km and Vmax were 2.7 x
l0- 5M and 6 x l0 - 3M/min, respectively . The dissociation constant for
the enzyme-inhibitor complex (Ki) was 4 x l0- 7M, whereas that for the
enzyme-inhibitor-substrate

complex (K. 1 ) was 1.89 x l0- 6M. The in-

,

hibition was a mixture of partial

competitive and pure-noncompetitive

systems.
Rice and black gram form the integral
food of the Indian subcontinent~idli.

parts of a fermented snack

Amino acid compositi on of

black gram and rice were complementary. Leucine, lysine,

and sulfur

containing amino acids were the most limiting amino acids in rice
with 65. 1, 66.3, and 67.9 as their respective
of biological

values of rice proteins

scores.

The estimates

in human nutrition

albumins as superior and prolamins as inferior

qualified

proteins .

The PAMU
system in polyacrylamide gel electrophoresis
efficient

in resolving protein subunits than the SOSgel system.

PAMU
system was not sensitive
Mobilities

The

to the ionic strength of the sample.

of rice and black gram proteins

were based on the related parameters.
ities

was more

in SOSand PAMU
systems

In the PAMU
system, the mobil-

of most proteins seemed to depend on their molecular size.

PAMU
system on gel electrophoresis

The

was judged superior to the SOS

system.
Fermentation of the black gram-rice blend was kinetically
for changes in physicochemical characteristics
functionality .

Trypsin inhibiting

trypsin inhibiting

activity

activity

studied

and nutritional
was unaffected,

but chymo-

was reduced to 3 percent after 20 hours

xvii
fermentation ,

Significant

increases were noted in the contents of

sulfur containing amino acids during fermentation .
seemed to be bioavailable.
pancreatin

indicated

fermentation.

In vitr o digestion

with pepsin and

improvement in digestibility

The digestibility

was further

These amino acids

of proteins after

enhanced by steaming.
(180 pages)

PARTI
SOLUBILIZATION
ANDELECTROPHORETIC
CHARACTERIZATION
OF BLACK
GRAM
PROTEINS

2

INTRODUCTION
Legumes are important foodstuffs

in the diets of populations

in

the tropics and subtropics where proteins from animal origin are less
readily available .

Recognition of legumes as the "poor man's meat" is

a concept which essentially
1964).

belongs to Europe (Aykroyd and Doughty,

Legumes have a high protein content ranging from 17 to 25% in

the dry form.

Protein content of the edible portion of legume seeds

is double that of cereals and is slightly

higher than that of meat,

fish,

Legumes contribute

and eggs (Watt and Merrill,

the world protein supplies
nitrogenous constituents

1963).

(Scrimshaw et al . , 1975).

20% of

Over 90% of the

in pulses are likely to be protein or protein

deriva tiv es capable of being utilized
Legumeproteins have low biological

for protein

(Patwardhan, 1962).

values compared to animal pro-

teins because of a major deficiency of sulfur containing amino acids .
Any improvement in amino acid balance will significantly
contribution

of legumes to world nutrition

improve the

(Protein Advisory Group,

1973) .

Black gram (Phas eolu s mUYlgoL.) is widely grown in India, Iran,
Southeast Asia, Greece, and East Africa, and is one of the most important legume crops throughout a large part of the tropics .

Black

gram presents an ideal legume for studies for its easily destroyable
trypsin

inhibiting

activity

(Sohonie and Bhandarkar, 1955), absence

of hemagglutinin (Huprikar and Sohonie, 1961), high iron and calcium
content (Patwardhan, 1962),

and as a desirable

partner of cereals

in

3

fermentation (Radhakrishnamurty et al ., 1961).
cantly higher protein efficiency

ratio

(PER) values, 8%more protein,

10% more calcium, 15% more iron, 16% less fat,
25% more cystine,

Black gram has signifi -

50% more methionine,

20% more tryptophan than commonlyconsumed dry beans,

Phaseo iu s vulgari a L.

Considering the potentiality

of legumes, the

Food and Agric ulture Organization of the United Nations has recomm
ended
11 crops for thorough investigation

for wide-scale production in

Africa, and black gram is one of them (Stanton, 1966).
This paper presents the results
of black gram proteins .

of studies on the solubilization

Electrophoretic

results

obtain qualitati ve evaluation of the extracted
herein was different

proteins.

from studies reported earlier.

(1952, 1953), Smith et al . (1959), Spinelli

yield of pr otein in the extract;

The approach

Djang et al.

and Koury (1970) aimed at

whereas, Mcleester et al. (1973)

devised a procedure to i solate specific
cross-contamination.

have been used to

protein fractions

In order to study the effects

of various

processes and processing operations on the native proteins,
and quality of extracted
importance .

proteins and their properties

Hence, in this report efficiency

mainly on the basis of "types of proteins"

the number

are of prime

of extraction

extracted.

without

is judged

4

MATERIALS
ANDMETHODS
Preparation

of Black Gram Meal

Black gram beans from India were procured through Bezjian Imports,
Hollywood, California .

Black gram beans after

removal of testa were

milled through a Wiley mill with a 60 mesh screen.
then defatted

in a Soxhlet extractor

The flour was

with n- hexane for 20 hours .

defatted flour was air dried, stored at 5°C, and referred

The

to as "meal.

Determination of Protein Contents
The semi-micro Kjeldahl method was used to determine the nitrogen
content of the meal and meal residues
cultural

Chemists, 1960).

(Association of Official

Protein contents were obtained by using

the conversion factor of 6.25 .

Protein in the extracts

by Lawry's method (Lowry et al.,

1951) and by optical

nm (00280).

Agri-

For Lowry's method, optical

was evaluated
density at 280

density was normally measured

at 500 nm. For samples having low protein content,

optical

density

was noted at 700 nm.
Determination of Moisture Content
Meal (about 2 g) was dried at 115°C for 4 hours (until
reached a constant weight).

the sample

11

Fig . 1.

Schematic diagram for fractionation

of black gram proteins.

6
50 g defatted black gram flour (60 mesh)
+300 ml 10% Na 2 S0 4 , shaken for 30 min, centrifuged*

'

{

Supernatent

)

Residue
+200 ml 10% Na 2 S0 4
blended for 1 min, centrifuged

Residue
+25 ml water, dialyzed,**
centrifuged

Supernatent

t
Treatment with (NH 4 ) 2 S0
at 50 , 70, 100% saturation
centrifuged at each level.

+
Mixture

I

Res1.tdue
+250 ml 70% EtOH
shaken, centrifuged

4

Residue
+200 ml 70 % EtOH
blended for 1 min,
centrifuged

Supernatent

+

residues

1

(

+

Su pernatent

of

Filtered t hrough
Whatman No. 4

j

td ue
Res1

f

Supernatent

F ·1•
I trate
discarded

Dialyzed,
~enrfuged

Flash
evaporated
to remove
EtOH

t

Residue
Extensively dialyzed
with 10% Na 2 S0 4 ,
centrifuged

Supernate nt

i

Superna,nt

Res idue
+ 150 ml
0.05 M
CH 3 COOH
blended for
1 min,
centrifuged

t

I

t .d ue
Res1
discarded

Su pernatent

o;,J,d,

t

Supernatent

centrifuged
Supernatent
discarded
Freeze dried

Freezedried

Water
soluble
proteins Albumins

Salt
so luble
proteins Globulins

* centrifugation

for 20 min at 13 ,000 g

**dialysis for 24 hours with 4 changes of distilled water

Freezedried
Ethanol
soluble
proteins
Prolamins

+

Residue
dried in air
+200 ml 0 .05M
CH 3 COOH,
centrifuged

Rtsidue

l

Freezedried

Freezedried

Acetic acid
soluble
proteins
Glutelins

Residue

7
Polyacrylamid e Gel Electrophoresi s (PAGE)
Followin g are the sourc es of chemicals for electrophoresis.
Acrylamide, N,N'-methylenebisacrylamide

(BIS), N,N,N' , N'- tetramethyl-

ethylenediamine (TEMED),coomassie brilliant

blue R-250 (CI 42660),

and naphthol blue black (CI 20470) wer e purchased from Eastman Kodak
Company, Rochester, NewYork. Urea (ultra-pure)
Schwarz/Mann, Orangebur g, NewYork.

was obtained from

All other chemicals were of

reagent gr ade.
Ribonuclease A (MW13,700), chymotrypsinogen A (MW25,000), and
ovalbumin (MW45,000) were the molecular weight markers for SOS gel
from the calibration
Jersey .

kit of Pharmacia Fine Chemicals, Pis cataway, New

Bovine serum albumin (MW68,000) was purchased from Sigma

Chemical Company, St . Louis, Missouri .
Davis (1964) procedure
Prot eins were electrophoresed

in polyacrylamide gels (7.5%)

according to the Davis procedure for 2 hours at 2 mAper gel .
In sodium dodecyl sulfate

(SOS-PAGE)

SOS-PAGE
was carried out by the procedure of Weber and Osborn
(1969).

Acrylamide gels (7.5%) were electrophoresed

7 mAper gel (6.3 -6 . 5 cm. long).

for 4 hours at

Phosphate buffer (0.02 M) of pH 7.2

was used.
In henol, acetic acid, merca toethanol,
urea PAMU-PAGE
The procedure followed was that of Catsimpoolas et al. (1968) .
The electrophoresis
long) .

was run for 4 hours at 2.5 mAper gel (6. 3-6 . 5 cm

8

Two dimensional polyacrylamide
gel electrophoresis
First dimension.
proteins

One hundred to five hundred µg of freeze dried

in 25-50 µl PAMU
were loaded on the cylindrical

in diameter, 12 cm long).

Electrophoresis

gel (0. 5 cm

in the PAMU
system was

performed for 10-12 hours at 2.5 mAper gel.
Second dimension.
in distilled

The gel from the first

water with efficient

stirring

dimension was placed

to remove the PAMU
. The

gel was then immersed in the sample buffer for l hour and placed over
the slab gel with agarose as a cementing agent.

A 0.3 cm thick slab

was prepared by polymerizing 24 ml of 7. 5% acrylamide gel of SDSPAGE
. The remainder of the space was filled
3.75 % acrylamide.

Electrophoresis

37.5 mAper slab gel.

with SOS gel containing

was continued for 15 hours at

9

RESULTS
ANDDISCUSSION
Crude protein content of the meal was 26. 2% ± 0.46 .
moisture content of the meal was 8. 0% ± 0. 02.
various extractants

in solubilizing

summarized in Tables 1-3.
agents employed.

Average

The effectiveness

of

the proteins from black gram is

Data are grouped on the basis of type of

Tables 1, 2, and 3, respectively,

ef ficiency of commoninorganic salts

indicate the

(excluding phosphates ) , phos-

phates and polyphosphates, and other reported miscellaneous dissociating agents.

Protein contents were measured by 00280, as well as by
Lawry's method. The difference in 00280 protein and Lawry's protein
for an extractant

mainly indicates

of assay interfering

its influence on the extraction

compounds. The chemical extractant

employed

and/or pH of the solvent had a marked effect on the difference
protein contents by the two methods.

The variation

had a lesser influence on the difference .
is based mainly on the extraction

with fresh solvent,

The following discussion
Extraction

Successive extractions,

of the residue from the preceding extraction

would have given additional
additional

in concentrations

of Lowry1 s protein ,

with each solvent was performed only once.

extractions

solubilized

in

nitrogen,

step

but any effect of

was assumed to follow the trend for the first

extraction .
Electrophoretic
Protein extracts

Procedure

were run on the PAGE(Davis, 1964), SOS-PAGE,as

well as th e PAMU-PAGE
. Typical electrophoretic

patterns

for proteins

10

Table 1.

Effects of salts and their concentrations
of black gram proteinsa

on extractability

Extr acted ero t ei ns (mg)~meal (g)
00280 protein
Lowrys protein

Salt

%

pH

NaCl

10
5

6.20

271. 3
178. 8
98. 8
56, 3

107. 5
130.0
95.0
42, 5

11, 62

137. 5
221. 3
290. 0
285.0

85. 0
165.0
205. 0
210. 0

7. 25

178. 8
210. 0
142.5
95. 0

145. 0
140. 0
118. 8
55. 0

l

0. 5
Na2co3

10
5
1
0. 5

Na2so4

10
5
l

0. 5
NaN03

10
5
1
0. 5

6.20

128.8
178, 8
112. 5
65. 0

125. 0
135. 5
55. 0
45.0

Na- acetate

10
5
1
0.5

8. 15

130. 0
137. 5
88. 8
88. 8

105.0
118. 8
40, 0
45.0

KCl

10
5

5. 78

183.8
178. 8
95. 0
80. 0

130.0
11o. 0
42. 5
37.5

1

0. 5

aThe black gram mea1 contained 262 mg crude protein per g.
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Table 2.

Effects of phosphates and thei r concentrations
ability of black gram proteinsa

Salt
Sodium
tripolyphosphate

Tetrasodium
pyrophosphate

%

pH

10

9. 21

132. 5

5

200. 0

145, 0

1

350. 0

175. 0

0, 5

335. 0

175.0

160, 0

93.8

335. 0

185. 0

332. 5

206. 3

300. 0

172. 5

287. 5

172. 5

330.7

180. 0

350. 0

143. 8

142. 5

130. 0

137. 5

105. 0

120. 0

27.5

142. 5

42.5

5

9. 62

10

6. 00

5

0. 5
Sodium dihydrogen
phosphate

Extracted eroteins (mg)/meal (g)
Lawry's protein
00280 protein
217. 5

0. 5
Sodium
hexametaphosphate

on extract-

10
5

0. 5

7. 45

aThe black gram meal contained 262 mg crude protein per g.
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Table 3.

Salt
Urea

Effects of dissociating
protein solubilitya

%

pH

10

7. 72

5

0.5

sos

5

8.10

0.5

Dimethyl
formamide

10
5

0.5

6. 41

agents and their concentrations

on

Extracted Qroteins (mg)/meal (g)
00280 protein
Lowry1 s protein
142. 5

107.5

78. 8

62.5

80.0

40.0

78.8

32.5

407.5

245.0

405. 0

227. 5

427. 0

235. 0

78. 8

25. 0

66.3

42. 5

66. 3

31. 3

83.8

42. 5

--------------------------------------------------------------------H20

42. 5

aThe black gram meal contained 262 mg crude protein per g.

35.0
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Failure of Davis 1 pro-

extracted with 5% NaCl are evident in Fig. 2.

cedure to give defined bands was expected because of the high ionic
strength of salt required to solubilize

the proteins

PAGEis commonlyemployed for characterizing
their subunits (Derbyshire et al , , 1976).
charge differences

proteins in terms of
SOSminimizes the native

and forces all proteins to migrate as anions as a

result of complex formation (Shapiro et al . , 1967).
solubilization

(Fig . 2A). SDS-

of relatively

Quantitative

insoluble proteins by extensive dis-

ruption of hydrogen and hydrophobic bonds takes place.

The sulf -

hydryl groups on the polypeptide chain in the SOS-complexare protected
both from the surrounding mediumand from each other (Fish et al . ,
1970).

Black gram proteins demonstrate a characteristic

band on SOS-PAGE(Fig . 28).
proteins with different
Sensitivity

Hence a qualitative

extractants

dark wide

picture of extracted

was not available

from SOS-PAGE
.

to ionic strength of sample or aggregation of dissociated

subunits may be the causes for the obtained electrophoretic
on SOS-PAGE
. Whenan electrophoretic

procedure originally

pattern
designed by

Takayamaet al, (1964) was applied as modified by Catsimpoolas et al.
(1968), extensive dissociation

of proteins seems to have taken place

yielding seven to eight major bands.

Solubilization

seems to be a

combined effect of the components of the solvent system .
minimizes proteolysis

(Pusztai,

1966) and reduces interaction

proteins and other polyelectrolytes
and urea solubilize

proteins,

(Derbyshire et al.,

1976).

between
Phenol

while urea and acetic acid denature them.

Mercaptoethanol cleaves disulfide
insolubilization

Phenol

bonds and prevents aggregation and

of protein subunits .

Fig . 2.

Comparison of three electrophoretic procedures wi t h
protein extract of black gram with 5% NaCl.
A.
B.
C.

Davis (1964) method.
Weber and Osborn (1969) method,
Catsimpoolas et al. (1968) method.
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Globular prot eins, with little
tremendous structural

stability

or no hel ic al conformati on, have a

because of hydrophobic bonds.

hydrophobic bonds are responsible for tightly
globulins (Tanford et al . , 1960).

These

folded conformations of

Neither the action of dissociation

agents nor the binding between seed globulin polypeptides is known
and it is possible that complete dissociation

of t he prot eins is not

achieved with commonlyemployed agents (Derbyshire et al.,
PAMU,with its unique combination of ingredients,
efficient

dissociating

system,

urea .

proves to be an

Extremely well-defined

PAGEcannot be described as artifacts

1976).

bands in PAMU-

due to carbamylation in 5 M

Carbamylation of amino groups in the presence of aqueous urea

does make protein relatively

less basic (Cole and Mecham,1966).

But

carbamylation occurs only above pH 5. 5 (Duesberg and Rueckert, 1965).
The pH of PAMU
solvent is 2. 8.
characteristic

subunits .

Each form of 7 S globulin has one- two

Phaseo lu s vu lgaris

(Derbyshire et al . , 1976).

L. has five such forms

Hence, it is not surprising

to note eight

bands for P. mungo L. proteins on PAMU-PAGE
(Fig. 2C).

PAMU-PAGE,

thus, demonstrates a better picture of protein-subunits

than SOS-PAGE.

Hydrodynamicproperties

of proteins in PAMU
have not been studied,

hence, PAMU-PAGE
cannot be employed for determining the molecular
weight of proteins.
Effects of Chemicals on Protein Solubilization
Fig. 3 shows the densitometric
organic salt

(10% level) extracts .

patterns

for PAMU-PAGE
with in-

The patterns

of NaCl and Na2so4 as protein solubilizers

.

do indicate superiority

Na2so4 (10%) extracted

16
40%more Lawry's protein than 10%NaCl and the difference
of extraction

became less significant

in efficiency

at their lower concentrations

Na2so4 , thus, appeared to be a more efficient protein
solubilizer . Na2so4 extract showed a triplet,
viz., a, b, c, in place
(Table l).

of a more pronounced singlet

at d for NaCl (Fig. 3).

co-workers (1952) preferred NaCl, for the sensitivity

Djang and his
of solub i lized

proteins with respect to ionic strength and for less change in pH
caused by its employment,
extraction

In the range of concentrations

covered,

of proteins steeply decreased with increase in concentra-

tion of Na2co3 . Na2co3 at 0.5 % level seems to be the most quantitative
extractant for protein among various salts and their concentrations
employed (Table 1) .

Figs. 3A, 38, and 3C represent the densitometric

contours for NaCl, Na2so4 , and Na2co3 at the studied concentrations.
Though Na2co3 appeared to be a potential alternative to Na2so4 ,
the highly alkaline

pH forbade its usage.

have reported the destruction
alkali

treatment.

Gawronand Odstrchel (1967)

of cystine by 6-elimination

Formation of lysinoalanine

with alkali

with strong
treatment

of soybean proteins has also been reported (Woodard and Short, 1973).
For soybean protein molecules which underwent interaction
the reversibility
1975).

to native state was conditional

above pH 11,

(Ishino and Okamato,

For similar reasons, highly acidic conditions were avoided

(Wright and Boulter, 1973), though Sun and Hall (1975) have employed
low pH for protein extraction .
Recently, polyphosphates have become recognized as efficient
tein solubilizers.

pro-

Two polyphosphates along with pyrophosphate and

phosphate were studied at varying concentrations

(Table 2).

In the

Fig. 3.

Densitometric patterns of protein extracts with commoni norganic salts on PAMU-PAGE
.
A,
B.
C.

PAMU-PAGE
patterns
concentrations .
PAMU-PAGE
patterns
10% concentrations
PAMU-PAGE
patterns
10%concentrations.

for NaCl at 0.5 %, 1%, 5%, and 10%
.

for Na2co3 at 0. 5%, 1%, 5%, and
for Na2so4 at 0. 5%, 1%, 5%, and
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case of polyphosphates,
traction.

lower concent r at ions seemed to favor the ex-

For sodium hexametaphosphate and sodium tripolyphosphate,

1% levels were optimal.

Tetrasodium pyrophosphate at its lowest salt

concentration

and sodium dihydrogen phosphate at its highest salt

concentration

gave highest yields .

isolation

In more elaborate studies about

of proteins from cotton seed (Shemer et al ., 1973) and ra pe

seed (Thompsonet al . , 1976), 2% sodium hexametaphosphate level was
f ound to be optimum.

Hartman and Swanson (1966) extracted

the greatest

amount of nitrogen from cheese whey at 0.5 % sodium hexametaphosphate.
Hi dalgo et al . (1973) recovered 90% protein with sodium hexametaphosphate from milk whey at pH 3.
neutral pH conditions

Shemer et al. (1973) preferred

(pH 7) for cotton seed protein isolat ion with

sodium hexametaphosphate .

Polyphosphate extracted

proteins contain

phosphorus impurity either through entrainment or by bindin g with fr ee
amino gr oups.

Fig . 4 depicts PAMU-PAGE
of protein extra ct s with

various phosphates.

Protein in sodiu m hexametaphosphate extr act di d

not migrate in PAGEeither because the complex was not disso ci ate d by
PAMU
and was too ''big" to enter the gel or the high ionic strength of
the extract

did not allow proteins to stack.

phate appeared to be a desirable

Tetrasodium pyrophos-

protein solubi lizer as it solubilized

206 mg Lawry's protein per gram of meal at 0. 5% concentration.

It

neither has been used for this purpose nor has its mechanism of action
been studied.

Realization of its "commercial value" is pending .

Table 3 presents the protein extractability
commondissociating
foreseen.

agents .

by a few of the known

Their use in protein isolation

is not

Dimethyl formamide (2 M) was decided to be better than 3M

Fig . 4.

Densitometric patterns of protein extracts
phosphates on PAMU-PAGE
.
A.

with selected

PAMU-PAGE
patterns for tetrasodium pyrophosphate at 0. 5%,
1%, and 5% concentrations .
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urea in a protein dissolving solvent (Chen and Bushuk, 1970b).
Dimethyl formamide and urea, when used alone in the vicinity
molar concentration,

had poor yields overall.

the poorest protein extractant

of one

Dimethyl formamide was

amongall agents tried (less than 50

mg Lowry's protein extracted per gram of meal).

The results

also

emphasize the need of grouping phenol, mercaptoethanol, and acetic
•

acid with urea in PAMU
. SOS ranked high in extracting

proteins .

5 demonstrates a capacity of these reagents to solubilize
whereas Fig. 5A represents SOSextracts
0. 1%SOSto solubilize

Fig.

proteins,

on PAMU-PAGE,
SOS-PAGE
uses

proteins (Weber and Osborn, 1969).

The lowest

concentration used in this work is 0. 5% (Table 3), wherein 90 g Lowry's
protein per 100 g Kjeldahl protein is recovered.
extractability
O. 1%or above,

It seems, thus, that

of proteins is nearly 100%at concentrations
The qualitative

and urea is similar

of SOS,

picture of extracted proteins with SOS

(Fig. 5).

Thus, among 13 chemical agents employed, Na2co3 (0.5-1 .0%),
tetrasodium pyrophosphate (0. 5%), SOS (0.5-5.0%) proved to be efficient
protein solubilizers.

Each solubilized

over 200 mg Lawry's protein per

gram of meal; that is, over 76 g nitrogen protein per 100 g total
nitrogenous substances was extracted .

Considerations of pH extremity,

contaminating residue, and protein denaturing capacity restricted
further use of Na2co3 , tetrasodium pyrophosphate, and SOS, respectively .
From a qualitative as well as quantitative point of view, aqueous
Na2so4 at 10%level was found to be a suitable protein solvent .
(10%) extracted 55 g Lowry's protein per 100 g Kjeldahl protein.

Na2so4

Fig. 5.

Densitometric patterns of protein extracts
dissociating agents on PAMU-PAGE
.
A. PAMU-PAGE
patterns
concentrations.

with prot ei n-

for SOS at 0.5 %, 1%, and 5%
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Two-dimensional Gel Electrophoresis
Na2so4 (10%) extracted proteins were run on th e two dimensional
gel electrophoresis
(Figs. 6, 6A). Coomassie brilliant
blue stain
revealed the separation

of 500 wg proteins

in 13 subunits.

dent from Fig . 6 and 6A that black gram proteins

It is evi-

have one major sub-

unit, the molecular weight of which is 55,000.
Effects of Fat Extraction on Protein Extractability
Table 4 indicates
tractability.

the effect

of fat extraction

on protein ex-

Defatting of black gram flour improved protein extrac-

tion by 6%. The protein subunits pattern remained the same. Hill
and Breidenbach (1974) have reported the nonessentiality
traction

of fat ex-

even in the case of soybean seeds with 18% lipid content.

Percent extraction

figures

in Table 4 represent the amount of Lowry's

proteins extracted

per 100 g of total nitrogenous compounds present.
Protein Fractionation

Table 5 presents the results

of extraction

teins when the rigorous procedure as outlined

of four types of proin Fig. 1 is followed.

Utmost care was taken to avoid cross-contamination
fractions

obtained were pure protein fractions .

to about 81% of total
Soluble proteins
proteins

extractable

proteins,

and hence the
Globulins amounted

whereas albumins were 13%.

contained two minor fractions,

(4%) and acetic acid soluble proteins

viz . , ethanol soluble

(2%).

Fig . 6.

Photograph of two-dimensional slab gel of black gram proteins, extracted
(Five hundred ug of freeze-dried proteins in 50 ul PAMU
were loaded.)
A. 100 ug of black gram proteins

in 25 ul PAMU
were charged.

in 10% Na2so4 .
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Table 4.

Effects of fat extraction
gram powdera
Crude protein
content of the
starting
material (g)

Sample/protein
Black gram powder
Albumins
Globulins
Total

on protein solubility

Protein
extracted (g)

of black

Extraction

(%)

o.10

l. 15

2.94

Defatted powder
Albumins
Globulins
Total

42. 5

o.14
1. 40
1. 54

3.41

45.2

aSixty mesh black gram powder was used.

Table 5.

Quantitative

analyses of black gram protein fractions

Protein
fraction

Total volume
of extract (ml)

Total extracted
protein (mg)

Albumin

75

320

13

Globulin

60

1940

81

Pro 1amin

110

94

4

Glutelin

290

58

2

Extractable
protein (%)
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SUMMAR
Y
Protein content of 60 mesh. dehydrated, defa tt ed black gram
(Phase oiu s mungo L.) meal was 28. 5%. Sodium carb onate (0.5-1 . 0%),

t etrasodium pyrophosphate (0.5%). and sodium dodecyl sulfate

(0.5-5%)

extracted more than 76 grams of Lawry's protein per 100 grams of
Kjeldahl protein .

On the considerations

the final product and disruption

of contaminating res idue i n

of native structure

these chemical agents were unsuitable .

of the prote ins,

Sodium sulfate

level was judged to be the best protein solubilizer

.

at the 10%
The phenol-

acetic acid-mercaptoethano l-urea (PAMU)system in polyacrylamide gel
electrophoresis

was more efficient

the sodium dodecyl sulfate
black gram proteins
bands .

in resolving protein subunits than

(SOS) gel system.

PAMU
dissociated

in one major and seven to eight addi tional

total
sharp

Proteins separated on PAMU
gel were run on the flat bed poly-

acrylamide gel containing SOSsyste m. The proteins were then separate d
in 13 subunits;
55,000.

the estimated molecular weight of the major one was

Defatting with n-hexane improved protein extracti on by 6%.

Solubilized

proteins contained 81% globulins,

prolamins, and 2% glutelins.

13% albumins, 4%
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PARTII
AMINO
ACIDCOMPOSITION
ANDSUBUNIT
CONSTITUTION
OF FRACTIONS
OF BLACK
GRAM
PROTEINS
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INTROD
UCTION
Our earlier

investigation

(Part I) examined the solubilization

of black gram seed proteins and their
tions.

Solubilized

of each of the fractions

fractions,

points,

i nto Osbor n's frac-

proteins contained 81% globulins,

4% prolamins, and 2% glutelins .

electric

separation

This paper reports the distinctness

in terms of amino acid composition, iso-

and nutritional

quality estimates .

albumins, and globulins,

their subunit constitutions

13% alb umins,

.

were characterized

The two major
further

for
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EXPERIMENTAL
Polyacrylamide Gel Electrophoresis
The Osborn protein fractions

were electrophoresed

polyacrylamide gel with two different
dissociating

medium, phenol-acetic

was in the first

on flat - bed,

systems in two directions

acid-mercaptoethanol-urea

(PAMU),

dimension, whereas the sodium dodecyl sulfate

system was in the second.
estimated separately
of the electrophoretic

The

(SOS)

The molecular weights of the subunits were

by the one-dimensional SOSmethod.

The detai ls

procedures have been reported in Part I .
Isoelectric

Focusing

Polyacrylamide gels (0.5 cm diameter, 11 cm length) containing
6M urea and LKB-ampholine (pH, 3.5-10) were prepared according to
Llewellyn and Flaherty (1976).

Freeze-dried

protein samples were

dissolved in deionized water containing 6M urea, 2% mercaptoethanol,
5% sucrose.

and

The focusing was performed for 5 hours dur ing which the

current flowing through each gel was reduced from l mAto 0. 16 mA.
The anode buffer was 0.02M NaOHcontaining 6M urea (pH 12.4) and
cathode buffer was 0.06 % orthophosphoric acid with 6M urea (pH adjusted to 1.7).

The gels run without protein samples were cut l cm

in length, dispensed in small vials,
water.

and immersed in 2 ml of deionized

pH was noted with a combined electrode

constructed

along the gel length .

and a pH gradient was
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Amino Acid Analysis
Protein samples (1- 2 mg) were hydrolyzed for 24 hours at 100°C
in 3x glass distilled
The resultant
0. 2Mcitrate

3 ml 5. 7 N HCl in sealed and evacuated tube s.

hydrolysate was lyophi l iz ed to dryness and dissolved i n
buffer,

pH 2.2 .

Analyses were carried out on a Beckma
n

model 120-B amino acid analyz er, using the Durrum single column,
three buffer elution system.

Norleucine was used as an internal

standard and amino acid contents were corrected for 100% recovery.
Tryptophan content was determined by the spectrophotometric

method

(Beneze and Schmid, 1957).
The amino acid composition was used to estimate the nutritional
value of the protein based on the ref erence pattern of amino acids
(World Health Organization,

1973).

The evaluated nutritional

meters included the proportion of total
total

essential

amino acids in the protein (E/T%), limiting

par a-

amino acids with
essential

amino

acids, chemical score, protein eff iciency ra tio (PER), and biological
value (BV). PERvalues were estimated by the r egression equat io ns
proposed earlier

(Alsmeyer et al.,

teins in human nutrition

1974).

Biological

values of pro-

are predicted according to M¢rup-Olesen

(1976).
pH-Solubility

Profile s

The globulins were dissolved in water, magnetically stirred
one-half hour, and centrifuged
of the supernatant
et al.,

1951).

at 13000 x g for 15 minutes .

and the solubilized

for

The pH

prot eins was determined (Lowry

The pH of the solution was altered

by the addition of
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HCl (0.02-0.5 N) or NaOH(0.02-0.5 N) and the pH as well as the dissolved proteins of stirred

and centrifuged

samples were measured.

Gel Filtration
Lyophilized globuli ns (250 mg) were dispersed in 5 ml of elutin g
buffer and centrifuged

at 13000 x g for 15 minutes .

(containing about 200 mg proteins)
(5 x 57 cm) and 3.6 ml fractions

The supernatant

was loaded on a Sepharose-68 column
were collected

of 60 cm when the flow rate was 29 ml per hour.

under a pressure head
The eluting phosphate

buffer (pH 8.05, 0.05 M) contained 5% Na so , 0.02 % sodium azide, and
2 4
0. 01 Mmercaptoethanol.
The fraction collector (Fractomat No. 3-4200)
was equipped with a chart recorder (Beckman) and a UV-monitor (Glenco
5480).

Each fraction

was analyzed for protein and carbohydrate con-

tents .

The fractions

were pooled together,

and electrophoretically

studied.

dialyzed against water,

The standards for calibration

were:

blue dextran-2000 (200,000), aldolas e (158,000), bovine serum albumin
(68,000), ovalbumin (45,000), chymotrypsi nogen A (25,000), ribonucleas e
(13,700), and riboflavin

(376).
Analytical

Procedures

Protein contents in the fractions

were evaluated by Lowry1 s method

(Lowry et al . , 1951), and by the optical

density at 280 nm (00 ) .
280
E10 mg%, 280, for the reference protein,
The extinction coefficient,
bovine serum albumin, was 0. 062. Carbohydrate contents of the frac tions were determined by a phenol-H2so4 method (Hodge and Hofreite r ,
1962), with dextrose as a standard . Protein fractions were scanned
for the optical

densities

in an ultraviolet

region from 220 to 320 nm,

on a BeckmanDB-Gspectrophotometer equipped with recorder.
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RESULTS
ANDDISCUSSION
AminoAcid Composition
The amino acid composition of black gram seeds and its fractions
are presented in Table 6.

Each of the fractions

respect to its amino acid composition .
the fractions
different

was disti nct wit h

Meaningful comparison between

can, however, be made i n terms of the proportions of

classes of amino acids .

Amongfractions,

the highest amounts of polar-uncharged

albumins cont ained

(22.2 mole %) and basi c (17. 9

mole %) amino acids, whereas the contents of hydrophobic (36. 5 mole %)
and acidic (23.4 mole %) amino acids were the lowest .
black gram registered

higher amounts of hydrophobic (45. 4 mole %)

and lower amounts of polar-uncharged
other protein fractions .
prolamins (Part IV).

(14. 3 mole %) amino acids than

Similar was t he char acteristic

The higher proportions

and glutamic acids (16 , 7 mole %) characterized
Black gram glutelins

Prolamins in

of aspartic

of rice
(12.5 mole %)

black gram globu l ins .

were low in basic amino acid content .

There were two compounds of unknown identities

in the chroma-

togram for prolamin (not shown in Table 6) .

The proportions of the

unknowncompoundswere lower in the glutelin

hydrolyzate,

were absent in the albumin and globulin f ractions .

while they

Retention times

of the unknowncompounds were 14. 5 and 20.5 minutes, when aspartic
acid was eluted after 46.5 minutes .

The unknowncompoundswere

expected to be more acidic than aspartic
with phosphoserine,
behaviors .

phosphothreonine,

acid, but did not coincide

or cysteic acid in their elution
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Table 6.

Amino acid composition of black gram proteins
fractions

Amino acid
Aspartic
Threonine
Serine
Glutamic
Proline
Glycine
Alanine
Cysteine
Valine
Methionine
Leucine
Isoleucine
Tyrosine
Phenylalanine
Lysine
Histidine
Arginine
Tryptophan

Albumin
10.6
5. l
5. 1
12.8
5.3
8.9
9.0
6. 9
6. 3
2.0
4. 5
5.7
2. 2
2, 7
11. 7
2.0
4.2
1. 0

Protein fraction
Globulin
Prolamin
12.5
2, 3
6. l
16. 7
5.0
5.6
5. 2
trace
6.3
trace
4. 9
8.7
2. 4
5.6
5.9
3. 5
5, 3
4, 0

12. 7
2. 4
2.7
14. 4
6. 0
5. 4
lo. 0
,. 3
7. 5
2. 0
5.4
7. 7
2. 5
4. 3
7. 0
l. 6
4.7
2. 5

Glutelin
11. 2
4. 8
5.5
12. 4
5. 8
7. 8
8. 7
1. 0
7. 2
2. 0
4 .9
7.9
2.7
4.0
5. 9
2. 1
4.9
1. 4

and their

Black
gram
proteins
12. 4
3.6
4.7
16.2
4.7
6. 7
5.7
trace
6. 6
0.8
5.3
8. 7
2.5
5.0
6.0
2. 5
5.2
3. 5

----------------------------------------------------------------------Classified
distribution
of amino
acids (mole %)
Hydrophobic
Uncharged
polar
Basic
Acidic

36. 5

39. 7

45. 4

41. 9

40.3

22. 2
17. 9
23. 4

16. 4
14. 7
29. 2

14.3
13. 3
27. l

21. 8
12. 9
23.6

17. 5
13.7
28. 6
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Nutritional
The nutritional
on the relative

Quality and Quantity

quality of food protein depends in large measure

proportions of the essential

ami'no acids it contains .

The amino acid contents in Table 6 were recalculated

to express them

in terms of mg amino acid per g protein nitrogen and g amino acids
per 100 g total

amino acids .

quantify certain

nutritional

The provisional

Such recalculated

data were employed to

parameters (Table 7).

amino aci d scoring pattern proposed by the World

Health Organization of the United Nations (1973) qualified
protein as one in which 36%of the total
acids .

residues are essen tial

The black gram seed proteins and their

exception of glutelins,
for an ideal protein .

had higher E/T ratios

deficiency
potential

fractions,

registered

amino

with the

than the proposed 36%

Albumins ranked the highest,

48.7%; whereas, glutelins

an ideal

with E/T value of

the lowest value of 34.2 %.

A

of sulfur containing amino acids limits the nutritional
of black gram globulins and, hence, the E/T value of 43.6%

for them is misleading .

Poor quality of the globulins is evident

from their chemical score.

The amounts of sulfur containing amino

acids in albumins conformed to the proposed pattern of the World
Health Organization (1973) .

Sulfur containing amino acids had scores

of 97.0 and 94.3, respectively,
other essential
threonine .

for the prolamins and glutelins .

amino acid deficient

The

in black gram seed proteins was

Threonine was the second limiting

amino acid in globulins

(score, 50) and the most limiting amino acid in prolamins (score, 56) .
Threonine scores in albumins and glutelins
respectively.

Deficiencies

were 113.5 and 109.6,

of sulfur containing amino acids and

Table 7.
Nutritional

Nutritional
parameter

evaluation

Albumins

E/T, %a
48.7
Chemical scorea
64.0
Limiting amino acidsa
First
Leu (64.0)
Second
Third
Estimates of PERb
I
l. 13
II
l. 22
III
0.21
Predicted BVC
42.4

of black gram proteins and their fractions

Globulins
43.6
0.0

Prolamins

Total black
gram proteins

Glutelins

46.2
56.0

34.2
70.7

45.4
27.6

Met + Cys(0. 0)
Thr (56.0)
Thr (50.0)
Leu (78.0)
Leu (67.0) Met+ Cys (97.0)

Leu
Met+ Cys (94.3)

Met+ Cys (27.6)
Thr

l. 27
l. 32

-0 .42
0.0

l. 53
l. 60

1. 34

0.38
15.4

-0. 14
110. 0

1. 38

l. 51
l. 54

0.02
14.9

aE/T%, limitin g amino acids, and chemical scores were evaluated with WHO-UN
(1973) provisional amino acid
pattern as the reference.
The figures in parentheses correspond to the amino acid scores.
bPERvalues were estimated according to the following regression equations proposed by Alsmeyer et al.
(1974). I. PER= -0.684 + 0.456 (Leu) - 0.047 (Pro). II. PER= -0.46 8 + 0.454 (Leu) - 0.015 (Tyr) .
III. PER= -1.816 + 0.435 (Met)+ 0.780 (Leu)+ 0.211 (His) - 0.944 (Tyr).
cPredictions of biological values of proteins were according to the following equation (M~rup and Olesen,
1976).
X 0.77
X 2.4 X 0.21
BV= 102. 15 X 0.41 X 0.60
qLys
qPhe + Tyr qMet + Cys qThr qTrp
a.
1
ai,reference
were
h
q. -_ 1,samp e , for a.
,
a.1,re f erence
1,samp1e-<a.,,re f erence and q,. = a .
, ,samp1e
a.l represented mg of the amino acid per g of total essentia l amino acids.

< a.
f
for a 1,samp
.
1e - , ,re erence
w
I.O
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threonine in globulins were reflected
27.6 and 78.8 for total

proteins

in their r espective scores of

in black gram seeds.

Leucine was one

of the limiting amino acids in each of the protein fractions
seeds.

Leucine, however, had a score of 111.6 in total

This suggested that either

leucine-rich

proteins .

polypeptides might have been

predominant among the unextracted proteins,
might have been centrifuged

of the

or leucine-rich

out due to their

irreversible

globulins
denaturation

during isolation.
Protein efficiency
using the regression

ratios

(PER) for the proteins were estimated

equations of Alsmeyer et al. (1974).

Biologically

assayed PERvalues of 1.48 (Hirwe and Magar, 1953) and 1-1 .9 (Patwardhan, 1962) for seeds of black gram proteins

have been reported.

The estimate of PERof 0.02 given by the third regression
(see footnote of Table 7) was much lower.

equation

PER values for total pro-

teins in black gram were about 1. 5, according to the first
tions of Alsmeyer et al.
dicted (by the first

(1974) .

The agreement on PER between pre-

two equations)

seemed to be coincidental .

and biologically

Though the criterion

assayed values

of limiting

acids judged albumins as the most balanced protein fraction,
estimated by the first

two equations ranked globulins,

containing amino acid deficient

proteins,

This was an erroneous prediction .
be unsatisfactory
are insensitive

for cereals

tions I and II).
their

the sulfur

The equations

of the most vulnerable amino

cysteine,

This insensitivity

inapplicability

PER values

higher than the albumins.

such as rice (Part IV).

threonine,

amino

The equations have been found to

to the concentrations

acids such as lysine,

two equa-

and methionine (for equa-

seems to be the major cause for

to black gram as well as rice.
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Biological

values in human nutrition

M~rup-Olesen1 s (1976) regression
ployed for rice proteins,

fractions

equation " This equation, when em-

assigned values lower than the reported,

the ranking of the fractions
(Part IV).

were evaluated accordin g to

but

as to their quality was satisfactory

The estimated biological

values for black gram protein

varied from O (for globulins)

to 110 (for glutelins) .

The

value for albumins was 42. 4, and the one for prolamins (15.4) resembled
that for total

proteins

(14.9).

The biological

values for black gram

proteins have been evaluated by ra t bioassays .

These values ranged

from 60 to 64 (Esh and Som, 1952; Patwardhan, 1962) .
for a variety of beans ranged from 45 for lentils
68 for chick-peas (Cicer arientinwn
biological

Biological values

(Lens es culenta ) to

L. ) (Burr, 1975).

The predicted

value of 14.9, thus, seems to be much lower than the re-

ported values .
On the bases of chemical score and predicted
glutelins

appeared to be the most nutritious

gram. Generalization

protein fraction

of this conclusion for other glutelins

possible for the want of corresponding data.
validated

biological

value,
in black
is not

If such a conclusion is

for other beans, a new approach for bean breeding efforts

may be foreseen ,
Comparison between three nutritional
chemical score, and predicted
ing conclusions.

biological

parameters--E/T percent,
value--projected

The ranking of protein fractions

quality based on E/T percent did not correlate
based on chemical score or predicted biological

in reference protein .

for the nutritional

significantly
value.

cent, both chemical score and predicted biological
the proportion

some interest-

with those

Unlike E/T per-

value depended on

Both of these parameters assumed

42
existence

of optimal r ati o of amino acids.

ical score, the predicted biological
wherein the deviations
essential

However, unlike the chem-

value was a cumulative term

from the optimal contents for most of the
M~rup and Olesen 1 s (1976) equa-

amino acids were accounted.

tion was, thus, more sensitive

to disproportionate

amounts of essential

amino acids.
Spectr~

Ultraviolet
The scans of protein fractions
are shown in Fig. 7.

No distinction

made, as the spectrophotometric
nearly the same.

in ultraviolet

region (220-320 nm)

between the fractions

could be

res ponses for all the fractions

Each of the fractions

were

had a trough between 250-260

nm and at least one peak between 270 to 282 nm. The ratios

of optical

at 280 and 260 nm (A280;A260), for all fractions were close
to unity, suggestive of possible presence of nucleotide residues.
densities

Isoelectric
The isoelectric
Fig. 8.

Isoelectric

Points of Protein Subunits

points of black gram proteins

points of the closely spaced quartet

were in the pH range from 5.35-5.65.
with an isoelectric

point of 5.82.

protein subunits with isoelectric

of albumins

Prolamins showed a single band
Glutelins

contained three distinct

points at 5.40, 5.54, and 5. 75.

Globulins, the major storage proteins
multiplicity

are presented in

of black gram, showed a greater

of subunits as regards to their

isoelectric

points .

Globulins contained two basic proteins with 8. 42 and 8.65 as their
characteristic

isoelectric

points .

A series of faint

bands in

Fig. 7.

Ultraviolet absorption spectra for the protein fractions
isolated from black gram.
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0.40
-----

Albumin
0, ............
0 Globulin
a,.---..a Prolamin
•
• Glutelin

0.32

~
c:

0.24

~

..CZ
Q

Cl)

..CZ

cc

0.16

0.08

240

260

280

WaveLength
(nm)

300

320

Fig. 8.

Isoelectric
focusing of protein fractions isolated from black
gram. (The graph demonstrates the pH profile established when
Ampholines (pH, 3.5-10) were electrophoresed
in polyacrylamide
gels for 5 hours, during which current flowing through each
value of l mA.)
gel was dropped to 0. 16 mAfrom its initial
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isoelectric

pH ranging from 5. 64 to 5.9 7 and the numerous dark bands

between 5.97 to 6. 1 suggested that the major portion of globulins in
6 M urea has the point of least solubility
acidic constituents

in the acidic range .

of globulins were characterized

with isoelectric

points at 5, 0, 6. 15, 6. 22, 6.35, 6. 45, 6.65, and 6.87.
solubility

curve for globulins

globulins had isoelectric

(Fig . 9) indicated

The pH-

that most of t he

points in a pH range of 4.5 to 6.5 .

on pH-mobility curves in moving boundary electrophoretic

extracted

Based

procedure,

Tawde and Cama (1962) obtained 5. 0 and 5. 4 as the isoelectric
of the globulin fractions

Other

points

from black gram seeds.

In a recent review, Derbyshire et al. (1976) concluded that the
presence of acidic and basic subunits in any legume globulin may be
a rule rather than an exception .

We have observed that rice glutelins

which formed the bulk (70%) of rice proteins had seven acidic components in addition to five basic ones (Part IV).
were characterized
et al.,

1976).

Corn prolamins

by nine acidic and three basic subunits (Lebedev

These data on cereal proteins

suggest that the obser-

vations of Derbyshire et al , (1976) may be extended to other storage
proteins in seeds.

Thus, it seems that the multiplicity

(or their subunits) with isoelectric

of proteins

points both in acidic and basic

pH ranges may be expected for all major storage proteins

in seeds .

SDS-Polyacrylamide Gel Electrophoresis
To determine the subunit structure

of major proteins

albumins and globulins were subjected to electrophoresis

in black gram,
on polyacryl-

amide gel in the presence of SOS. The subunit constitution

of these

proteins and molecular weights of the subunits is shown in Table 8.
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Twomajor subunits of molecular weights 1. 4 x 105 and 5.5 x 104
accounted for over 82% of the black gram globulins.

Albumins were

composed of a greater number of subunits with more even quantitative
distribution

as compared to globulins .

Albumins had four major sub-

units with molecular weights of approximately 1. 4 x 105 , 8.4 x 104 ,
4
5.6 x 10 , and 3. 9 x 104 and minor subunits of 1.2 x 105 , 1. l x 105,
6.9 x 104 , and 2.7 x 104.
The apparent discrepancy projected by the multiplicity

in iso-

electric

points with two major polypeptides of molecular weights
5
4
1. 4 x 10 and 5.5 x 10 in globulins may be explained in two ways.
It may be possible that the majority of the globulin constituents

Jossess similar molecular weights, although their primary structures
(and hence isoelectric

points) are different .

The hypothetical

oroposed by Catsimpoolas (1969) for tne tertiary

structure

globular protein provides us with another explanation.

model

of a

According to

:he model, the globular proteins are complex in nature and each of the
proteins may be composed of polypeptides with different
points .

isoelec tric

Involvement of both acidic and basic subunits in three-

dimensional structure

of glycinin had been suggested by Catsimpoolas

,nd this arrangement was credited to reinforce

other stabilizing

forces .

tcceptance of such a model may explain the discrepancy in component
constitution

and the presence of basic residues in black gram globulins .
Two-dimensional Gel Electrophoresis

Fig. 10 presents the electrophoretic
~bumins (Fig . lOA) and globulins

patterns

of black gram

(Fig . lOB) in two different

mssoci ating systems, PAMU
and SOS. Glycinin dissociation

protein

due to
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Table 8.
Protein
fraction
Albumins

Subunit constit uti on of black gram albumins and globulins
Molecul ar weighta
(da lton)
1. 4 x 1o5

18. 4%

l. 2 x 105

6. 4%

l. 1 x 105

5.4%

8. 4 x l o4
6.9 x l o4
5. 6 x 104
3. 9 x 104

Globulins

Subunit proportionb
in the fraction

13. 4%
3.3%
16.7%
26.8%

2.7 x 1o4
2. 0 x 105

3.2 %

,as

17. 1%

5. 5 x 104

65.2 %

3.4 x 104

4.8 %

2.5 x 104
2. l x 1o4

3.7 %

1. 4 x

9.7%

5.9 %

aMolecular weights were determined by SOS-gel electrophoresis
7.5 % monomerconcentration.
b

Computedfrom the densitometric

response of the stained gel.

with
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disulfide

bond cleavage has been recent ly report ed to be a function of

urea concentration

in the presence of dithiothreitol

simpoolas, 1978) .

PAMU
is an efficient

(Catsimpoolas et al.,

1968),

protein into its constituents
seven to nine distinctly

(Draper and Cat-

protein diss ociating medium

and is superior to SOS in separating
(Part I).

a

Albumins were dissociated

in

visible

bands in addition to the same number
Two proteins of molecular weights 1.4 x 105

of less distinct spots.
and 5.5 x 104 were predominant in the globulin pattern.

Minor moieties

of globulins were evident only when higher amounts of the proteins were
electrophoresed.
Alignment of proteins along the diagonal on the slab gel in Figs.
lOA and 108 reaffirmed our observations

(Part IV) that the mobilities

in PAMU
and SOS systems are based on the related

parameters.

Consti-

tuent polypeptides of albumins and globulins did not present any major
exception to the "diagonal rule."
mobility of protein subunit,

It seemed to us earlier

that the

denatu red by PAMU,was principally

governed by the molecular size of the moiety, and that the concentration of urea as well as the atypical
the pattern adversely (Part IV).
lent an additional

strength

composition of protein influenced

The results

in Figs. lOA and 108

to our hypothesis.

Molecular Sieve Chromatography
Black gram globulins were separated by gel filtration
protein fractions

(Table 9 and Figure 11).

into four

Fraction I contained high

molecular weight proteins which appeared at the exclusion limit of
Sepharose-68 (mol. wt , 2 x 106). The fractions II, III, and IV were

Fig. 10.

Two-dimensional slab ge1 electrophoresis of protein fractions (Part I) isolated from black
gram. (Phenolacetic acid-mercaptoethanol-urea
(PAMU)system was in the first dimension
and sodium dodecyl sulfate (SOS) was in the second . )
A. Albumin fraction .
B. Globulin fraction .

PAMU-

M.wr.x10 - 3

PAMU

68
45

117

j _':::
i
Q

Cl)

A

Q

Cl)

B

Ul

0
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eluted at elution

volumes corresponding to molecular weights of 29 x

4
4
4
10 , 20 x 1o , and 4 , 6 x 1O,

tion of fractions

.
.
Quant1tat1ve
contr, . b u-

I and IV in protein constit ution of globulins seemed

to be insignificant.
phoresis .

respective l y.

The fra ctions were subjected to SDS-gel electro-

Few faint protein bands were detected in fractions

IV. The values for optical
that fractions
Electrophoretic
overlapping .

I and

density at 280 and sugar conte nt indic ated

I and IV may contain non-proteinaceous residues .
results

of fractions

II and III indicated considerable
Two major gl obulin prot eins of 1. 4 x 105 and 5.5 x 104

daltons were present i n each of thes e two fractions.
contained about 5% (wt/wt) carbohydrate resi dues .

Both fractions
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Table 9.

Molecular sieve chromato graphy of the black gr am globulins

Protein marker/
protein fraction

Elution volume
(ml)

Molecular weight
(dalton) x 10-4

Blue Dextran-2000

329

200.0

Aldolase

686

15.8

Bovine serum albumin

722

6. 8

Ovalbumin

788

4. 5

Chymotrypsinogen A

850

2.5

Ribonuclease

912

1. 37

Riboflavin

996

0.0 4

Black gram globulin
fractions:
I.

Fraction #19

329

200. 0

I I.

Fraction #90

584

29.0

III.

Fraction #102

627

20.0

IV.

Fraction #146

786

4.6

Fig. 11.

Gel filtration
of black gram globulins.
(Globulins (200 mg) were charged on Sepharose 6B
column (5 x 57 cm) and eluted with phosphate buffer (pH 8.05, 0.05 M) containing sodium
azide, mercaptoethanol, and 5% Na2S04 at 29 ml per hour. After discarding first 260 ml
of effluent, fractions of 3.6 ml were collected.
The fractions (I-IV) were pooled as
indicated. )
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SUMMARY
The protein fractions,
glutelins

albumins, globulins,

of black gram (Phas eolu s mungo L.) seeds were characterized

for their amino acid compositions,
constitutions

.

isoelectric

points,

and subuni t

Globulins which formed 81% of the solubilized

were devoid of methionine and cysteine .
in total

and 78.8 as their

amino acid scores .

respective

albumin, globulin,

proteins

prolamin, and glutelin

and 70. 7, respectively .

of the seeds with 27.6
Chemical scores of
were 64, 0, 56,

fractions

The predicted biological

values in human

varied from O for globulins to 110 for glutelins,

14.9 for total

proteins

in the seeds.

minimumin a pH range of 5.3 to 5.9.
had an isoelectric

proteins

Sulfur containing amino acids

and threonine were deficient

nutrition

prolamins, and

Dissolution

and it was

of globulins was

Though the majority of globulins

pH of about 6, they contained two basic subunits

with isoelectric

points at 8.42 and 8. 65.

electrophoresis,

with a phenol-acetic

system in the first

Two-dimensional slab gel

acid-mercaptoethanol-urea

dimension and sodium dodecyl sulfate

in the second dimension suggested that the mobilities

PAMU
and SOS systems were based on the related

(PAMU)

(SOS) system

of protein in

parameters.
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PARTIII
ISOLATION
ANDPHYSICOCHEMICAL
PROPERTIES
OF BLACK
GRAM
TRYPSIN
INHIBITOR,
ANDCHARACTERIZATION
OF ITS ACTIVESITE

58

INTRODUCTION
The presence of trypsin inhibitors

and deficiency of sulfur-

containing amino acids restrict

the nutritional

legumes (Kakade et al . • 1969).

Attempts to elucidate

significance

of the trypsin inhibitor

nutritional
inactivation

Absence of major toxic

suggests that the improvement in

value of the legume, black gram, can be sought through
of the trypsin inhibitor

Our earlier

investigations

phoretic characterization
II) .

inhibitor

the nutritional

are often obscured by the simul-

taneous presence of other growth inhibitors.
factors other than trypsin

value of protein-rich

reported solubilization

of the proteins

This paper reports isolation

trypsin inhibitor.

in it ,
and electro-

in black gram (Parts I and

and characterization

of black gram

It also expl ores the biochemical basis for inter-

ference of the inhibitor

with trypsin .

By inference,

point attachment for binding of the inhibitor

a multiple

with trypsin

is proposed.
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EXPERIMENTAL
Materials
Oiisopropylfluorophosphate
diphenyl carbamyl chloride
insulin,

(OFP)- treated

carboxypeptidase B,

(OCC)-treated trypsin,

B-chain of bovine

bovine albumin, ovalbumin, myoglobin, B-mercaptoethanol,

2,4,6-trinitrobenzenesulfonic
methyl ester
Missouri .

acid (TNBS), and p-tosyl-L-arginine

(TAME)were all from Sigma Chemical Company,St . Loui s,

Benzoyl- L-tyrosine ethyl ester (BTEE), 1,2-cyclohe xanedi one

(CHO)were from Aldrich Chemical Company,Milwaukee, Wisconsin.
Sodium dodecyl sulfate

(SOS) was from Fischer Scientific

Fair Lawn, NewJersey .

Company,

Con A-Sepharose, Sephadex G-50, OEAESephadex

A-25, CMSephadex C-50, and ribonuclease A (in a kit) were from
Pharmacia Fine Chemicals, Piscataway, NewJersey; Urea (ultra-pure)
was from Schwarz/Mann, Orangeburg, NewYork; bovine pancreatic achymotrypsin was from P. L. Biochemi cals, Milwaukee, Wisconsin; and
ammoniumpersulfate
Jersey .

was from J . T. Baker Company, Phillipsburg,

Acrylamide, N,N-methylenebisacrylamide (BIS), N,N,N' ,N1 -

tetramethylethylenediamine

(TEMEO),and coomassie brilliant

R-250 were from Eastman Kodak Company, Rochester, NewYork.
was procured from Gallard-Schlesinger
NewYork,

New

blue
DEAE

Chemical Company,Carle Place,

All other chemicals were of reagent grade .

60
Isolation

of the Inhibitor

Black gram meal was prepared as described earli er (Part I) ,
hundred grams of the defatted,

60 mesh meal were employed for the iso-

lation of the trypsin inhibitor.

The meal was extracted with 450 ml

of 0. 05MHCl at 5°C for 20 hours with intermittent
was centrifuged

One

shaking .

and blended for 2 minutes with additional

(0. 05M), held overnight at 5°C, and centrifuged.

The mass

250 ml HC1

The centrifugates

were pooled (step A) and TCAwas added with efficient

stirring

the final solution contained 5% TCA(weight/volume) .

The precipitate

was centrifuged and discarded .

The pH of the solution was adjusted to

5.0 with 8N NaOHand stored at 0°C (step B).
cipitation

of the inhibitor

of the trypsin inhibiting

so that

Ammonium
sulfate

pre-

in this solution indicated that the bulk
activity

(about 90%) was isolated when 85%

of (NH4) 2so4 was reached , Thus, 55. 9 g of (NH ) so per
4 2 4
100 ml of solution was added and held at 0°C for 12 hours . The

saturation

resulting

precipitate

was recovered by centrifugation,

dissolved in

a minimal volume of water, and dialyzed for 12 hours against 0.05M~
5, 0 pH citrate
changes.

buffer,

The inhibitor

containing lmMca++, and lmMMn++,with two
was then loaded on the affinity

medium, con A-Sepharose, equilibrated
peak eluting with the citrate
activity

with the citrate

chromatography
buffer.

buffer contained trypsin inhibiting

and the peak eluting with 0.05M borate buffer (containing

lmMca++ and lmMMn++, pH 8.2) was devoid of trypsin inhibiting
tivity.

Fractions 15 to 35 were pooled together,

water (step D), lyophilized
use.

The

ac-

dialyzed against

(step E), and stored at 0°C until further
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Enzymeand Enzyme Inhibit or Assays
l.

Trypsin as say.

To 2. 3 ml of 0. 05 M Tris-HC1 buffer containing

0.01 M CaC12 (pH 8. 1), 0. l ml of 0.01 MTAME
was added.
optical

Change in

density at 247 nm was recorded after addition of 0. l ml trypsin

( 10 mg%).

2.

Trypsin inhibitor

One ml of trypsin

ass ay .

inhib itor soluti on

in 0. 05 M Tris-HCl buffer containing 0. 01 M CaCl (pH 8. 1) was added to
2
1 ml of trypsin solution (10 mg%). After equilibration for 2-3 minutes, 0.2 ml of enzyme-inhibitor

mixture was added to a cuvette con-

taining 2.2 ml Tris-HCl buffe r (pH 8. 1) and 0. 1 ml 0.01 M TAME
. Change
in absorbance was noted at 247 nm,
3.

Chymotryps in as s ay.

To 1.5 ml of 0. 08 M Tris-HCl buffe r con-

taining 0.01 M CaC12 (pH 7.8), 1. 4 ml of 0. 00107 M BTEEwas added.
Change in optical

density at 256 nm was recorded after the addition of

0. l ml of chymotrypsin (10 mg%).
4.
hibitor

Chymotryp si n inhibitor

ass ay.

One ml of chymotrypsin in -

solution

in 0.08 M Tris-HCl buffer containing 0.01 M CaC1
2
(pH 7.8) was added to 1 ml of chymotrypsin solution (10 mg%). After

equilibration

for 2-3 minutes, 0. 2 ml of enzyme-inhibitor

mixture was

added to a cuvette containing 1.4 ml Tris - HCl buffer (pH 7.8) and 1.4
ml 0.00107 M BTEE. Change in absorbance was noted at 256 nm.
5.

Enzyme and enz yme inhibitor

unit s .

Trypsin and chymotrypsin

units were defined as in the Worthington EnzymeManual (Decker, 1977).
One unit of inhibitor,
inhibitor

trypsin inhibitor

unit (CIU) reduced the activity

by one unit.

unit (TIU) or chymotrypsin
of the corresponding enzyme
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AminoAcid Analysis
The inhibito r (1 mg) was hydrolyzed for 8, 16, and 24 hours at
ll0 °C in 3x glass distilled
tubes .

The resultant

3 ml 5. 7N HCl in sealed and evacuated

hydrolysate was lyophilized

dissolved in 0. 2Mcitrate

buffer,

pH 2. 2.

Analyses were car r ied out

on a Beckmanmodel 1208 amino acid analyzer,
column, three buffer elution system.
were corrected .

to dryness and

using the Durrum single

Losses of threonine and serine

Tryptophan content was determined by the spectro -

photometric method (Beneze and Schmid, 1957).
Electrophoresis
Polyacrylamide gels were electrophoresed

by four procedures:

(a) Davis (1964), with 7. 5% monomeracrylamide; (b) Weber and Osborn
(1969), with 7. 5% as well as 15% acrylamide; (c) Laemmli (1970), with
7. 5% monomerconcentration;
7. 5% acrylamide .
sample solutions

Samples were heated at 100°C for 15 minutes in the
before they were applied to the gels in the second

and third systems .
final concentrations
electric

destainer

and (d) Catsimpoolas et al . (1968), with

The gels were stained in a solution containing
of 0. 1% coomassie blue and were destained in an
containing 10% methanol in acetic acid (10%). The

molecular weight standards used were bovine serum albumin (MW68,000),
ovalbumin (MW45,000), myoglobin (MW17,000), ribonuclease A (MW
13,700), lima bean trypsin inhibitor
(MW3,500) .

(MW8,400), and insulin

(6 chain)
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Inhibito r St abilit y
Effect of heat treatment
The inhibitor

(100 mg%) was exposed to wat er at 40° , 60° , 80° ,

100°C and steam at 5 and 10 pounds per square inch (psi ) pressure for
varying times (0 to 20 minutes ).

Samples were stored at 0°C and

assayed for trypsin i nhibit in g activity
Stability

of inhibiting

activity

within 6 hours.
was further evaluated by heating

the inhib i tor for 60 mi nutes at temperatures in the range of 0- 100°C,
in conj unction with a vari at i on i n pH f rom 1 to 11.
inhibitor

(100 mg%), l ml of the buffer (O. OSM)was added.

included KCl- HCl (pH l ) , citrate
and phosphate (pH 11).

±

0. 2.

The treated

Buffers

(pH 3, pH 5), Tris-HCl (pH 7, pH 9) ,

At the end of the thermal treatment,

determined amount of acid or alkali
7

To l ml of the

inhibitors

a pre-

was added to adjust the pH to

were dialyzed at 0°C for 24 hours

with three changes of 250 ml water and t hen lyophilized ,

The lyo-

philized samples were dissolved in l ml water (25°C) and tested fo r
residual

trypsin

inhibiting

activity .

Chemical treatment
To l ml of the inhibitor

(1 mg/ml), O.OSMTris-HCl buffer (pH

8. 1) was added and SOS, 6-mercaptoethanol, and urea additions were
made so that their final concentrations
respectively

in a volume of 2 ml were

1% w/v, 1% w/v, and 48% w/v (8M). Inhibitor

was studied with these denaturants at l00 °C for 5 minutes.
of SOSon trypsin

inhibiting

up to 60 minutes duration .

activity

stability
The effect

at 100°C was further evaluated
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Kinetics
Kinetic studies were conducted at 22°C and pH 8. 1.
locities

Initial

ve-

for hydrolysis of TAME
were measured at 247 nm through a

quartz cuvette of 1 cm light path with the BeckmanDBGrecording
spectrophotometer.
TAMEconcentrations were varied from 1. 7 x 10- 3
2
to 1.7 x 10- M. Purified inhibitor was used at 2. 15 x 10- 7 Mand
7
4.3 x 10- M concentrations in the assay mixture. The kinetic parameters were determined by the Lineweaver-Burk (1934), Dixon (1953),
and Cornish-Bowden (1974) plots ,
Chemical Modification of the Inhibitor

with CHO

CHO(200 mg) was dissolved in 10 ml water after addition of 3 to
4 drops of NaOH. The buffer was prepared by titrating

ethanolamine

HCl (0. 075 M) containing sodium borate (0.05 M), with NaOHto pH
8. 75.

To 0.1 ml inhibitor

ml of buffer were added.
for the residual

trypsin

(50 mg%), 0. 1 ml of CHOsolution and 0. 3
The reaction was studied up to 60 minutes
inhibiting

determined time of reaction,
(10 mg%) were added.

activity.

At the end of the pre-

0.5 ml of cold water and 1 ml trypsin

To 0. 2 ml of this enzyme-modified inhibitor

mixture, 2. 1 ml of Tris-HCl buffer (pH 8. 1), 0. l ml TAME(0.01 M)
were added and the rate of TAMEhydrolysis was recorded at 247 nm.
In the case of the control samples, the addition of 0. 1 ml of buffer
was made in place of 0. l ml of CHO. The rest of the procedure remained the same.
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Free AminoGroups
The free amino groups were quantitated
To 0. 4 ml inhibitor

solution

according to Habeeb (1966) ,

(200 mg%)in each tube was added 0. 4 ml

NaHC0
3 (4%) and 0. 4 ml TNBS(0. 1%). The reaction mixtures were incubated at 40°C for different lengths of timej up to 120 minutes and
also for 16 hours .

Reaction was terminated by addition of 0. 4 ml

SOS (10%) and 0. 8 ml HCl (lN) .

Optical density at 344 nm was noted .

Free amino groups modified(%)=
Optical density at 344 nm at time, t
Optical density at 344 nm at time, 16 hr. X lOO.
TNBSModification
Thirteen 0. 3 ml samples of inhibitor

(200 mg%)were pipetted

into

separate test tubes to which 0. 3 ml each of NaHC0
3 (4%) and TNBS
(0. 1%) were added. At the end of each chosen period, the reaction mixture was transferred
0.5 ml trypsin

to a bath (0°C) and 0.6 ml cold water as well as

(10 mg%)were added.

After 2 minutes, 0.2 ml of the

mixture was analyzed for trypsin inhibiting

activity .

Carboxypeptidase B Treatment of Trypsinmodified Inhibitor
The inhibitor

(5 mg) was dissolved in 3 ml of formate buffer,

pH 3.75 and 1 ml of DCC-treated trypsin

(100 mg%) was added.

molar ratio between the enzyme and the inhibitor

was about 8.

The
After

incubation at 22°c for 48 hours, the reaction mixture was titrated
pH 8. l with saturated

sodium borate solution .

to

To this trypsin-modified
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inhibitor,

0. 2 ml carboxypeptidase B (5 mg/ml) was added.

After in -

cubation at 22°C for 30 minutes~ 0. l ml of lN HCl was added and the
reaction mixture was quick frozen and lyophilized.

The lyophilized

mass was dissolved in 5 ml of 0.2 M citrate

pH 2, 2, of which

buffer,

0.5 ml was charged on the amino acid analyzer .
The account for the action of carboxypeptidase Bon the inhibitor
and trypsin controls was run.
(1 mg/ml) were taken separately
added to each of them.

The inhibitor

(5 mg) and l ml trypsin

and 3 ml formate buffer,

The procedure for carboxypeptidase

pH 3. 75, was
B reaction

and onwards remained similar to that for trypsin modified inhibitor .

67

RESUL
TS
Isolation

of the Trypsin Inhibitor

Extraction and purification
been summarized in Table 10.

of tyrpsin

inhibiting

Twenty-seven mg of the inhibitor

isolated

from 100 g of the meal.

activity

was recovered with a 19.2 fold purification.

the inhibitor
the affinity

activit y have

About 40%of the trypsin

was suggested by the constant specific

were

inhibit ing

Homogeneity of
activity

across

chromatography peak (Fig . 12) and by its elution as a

single peak on ion-exchange chromatography.

It was further

confirmed

by electrophoreses .
Polyacrylamide Gel Electrophoresis
The purified

inhibitor

was run with different

electrophoretic

procedures (Fig. 13) which included protein dissociating
as SOS and phenol-acetic

acid-mercaptoethanol-urea

been found to be a more efficient
(Part I).

(PAMU). PAMU
has

protein resolving system than SOS

Reaction of the inhibitor

with SOSwas studied at 100°C

and pH 8. 1 as a function of the loss of inhibiting
The rate of inactivation

systems such

was rapid for the first

activity

(Fig. 14).

15 minutes and that

was judged as the time required to complete SOS complexing with the
inhibitor.

Thus, the samples run on the gels 8, C, and O were treated

with respective
15 minutes.

solubilizing

solutions

in a water bath at 100°C for

Fig. 12.

Affinity chromatography on Con A-Sepharose. (Semipurifi ed
inhibitor (430 mg) was charged on a column 2. 6 x 17 cm) in
0. 05 M sodium citrate buffer containing 1 mMca++ and 1 mM
Mn++, pH 5. 0. The column was eluted with the same buffer and
80 fractio ns of 4. 5 ml each were collected.
Elution with
0. 05 M borate containing l mMca++ and 1 mMMn++, pH 8.2
was followed collecting 40 fractions . The elution rate was
32 ml per hour. Purified inhibitor was pooled as indicated.)
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Evaluation
phoresis.
A.
B.
C.
D.
E.

of homogeneity of trypsin

inhibitor

by electro-

Davis (1964) procedure, 7.5 % acrylamide .
Laemmli (1970) procedure, 7. 5% acrylamide.
Weber and Osborn (1969) procedure, 7. 5% acrylamide .
Weber and Osborn (1969) procedure, 15% acrylamide .
Catsimpoolas et al. (1968) procedure, 7.5 % acrylamide .
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.:

.

J

A

B

C

D

E

Fig. 14.

Time course of denaturation of black gram trypsin inhibitor with SOS. (The inhibitor
(l mg) was treated at l00 °C with 1% SDS in 0.05 M Tris-HCl buffer, pH 8. l.)
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SDS-polyacrylamide gel electropho resis was· used to compute the
molecular weight of the inhibitor.

The gels were run according to

Weber and Osborn's procedure (1969), with 7.5 and 15%acrylamide concentrations .

The evaluated molecular weights of the inhibitor

two polyacrylamide gel porosities

at these

were 7,900, and 8,100, respec-

tively.
Amino Acid Composition
The amino acid composition of the inhibitor
The inhibitor

is shown in Table 11.

is composed of 75 amino acid residues,

molecular weight .

with 7,932 as i ts

The absence of tryptophan is confirmed from the

analysis of the UVspectrum .

The most striking

observation about the

composition is the presence of only two residues of cysteine in the
inhibitor

molecule .

The comparable isoinhibitor

of Phaseo lu s vulgaris

L. had 14 cysteine residues (Wilson and Laskowski , 1973).
fication

based on the acid base properties

indicates

that the inhibitor

2 histidine

residues),

of amino acid residues

contained 16 acidic,

22 polar-uncharged

The classi -

11 basic (inc lu ding

(including 8 glycine resi-

dues), and 26 hydrophobic (uncharged-nonpolar) amino acid moieties.
The amino acid analysis was further employed to calculate
partial

specific

Edsall (1943);

volume of the inhibitor

V for

the inhibitor
Stability

Stability

CV)according

the

to Cohn and

is 0. 71.

of the Inhibitor

of small molecular weight proteins

to the higher proportion of disulfide

is generally

bonds in them.

related

Unlike other
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Table 11.

Amino acid compositions of the inhibitor
tivea

Amino acid

Trypsin
inhibitor

and its deri va-

1,2 - Cyclohexanedione treated
trypsin inhibitor

Aspartic

8

8

Threonine

6

6

Serine

4

4

Glutamic

8

8

Prol ine

9

5*

Glycine

8

9*

Alanine

7

7

Cysteine

2

-*

Va1i ne

3

3

Leucine

2

2

Isoleucine

3

3

Tyrosine

2

2

Lysine

6

5*

Histidine

2

2

Arginine

3

l*

Tryptophan

0

0

Methionine

Phenylalanine

Total
Molecular weight

75
7932

aResults are expressed as the integer values of the residues per
molecule . Alterations in the number of residues per molecule due to
1 ,2-cyclohexanedione (CHO)treatment have been marked(*).
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legume trypsin inhibitors,
bond.

Stability

b1ack gram conta ins only one disulfid e

of the i nhibitor was evalua ted with physical and chem-

ical denaturants .
Thermostability

of the trypsin inhibi t or was stud i ed as the

functi on of pH and thermal treatm ent.

At 40°C, th e activity

affected and the residual

trypsin inhibiting

termperatu r e was raised .

After 20 minutes heating at 100°C, the in-

hibitor

lost only 15% of its original

tained 62% of its act ivity after
In contrast

activity

was un-

activity .

declin ed as t he

The inh ibitor

re-

10 minutes exposure to 10 ps i steam.

to t he earli er rep ort (Sohonie and Bhandarkar , 1955),

Table 12 established

the thermostability

of the inhibitor .

The dis-

crepancy observed between the present finding and the earlier

result s

(Sohonie and Bhandarkar, 1955) may arise due either to the difference
in cultivar

or to the methodological variations .

Thermostability

studies were performed by Sohonie and Bhandarkar (1955) on the crude
extract

and with gelatin

as a substrate .

were based on the homogeneous trypsin
substrate,
retention
at

The resul ts reported herein

inhibitor

and with the synthetic

TAME
. Fig . 15 demonstrates the response curve for the
of trypsin

inhibiting

activity

of the inhibitor

when heated

hour at a temperature in the range of 0° to l00 °C, and at pH

in a range from l to 11,
study of Fig. 15.

A few observations

Whenexposed to 100°C for l hour, in the envi r on-

ments of pH l or 11, the inhibitor
inhibitor

was not completely denatured.

retained 35% of the activity

minutes at pH 11.

are evident from the

The inhibitor

fr om 3 to 5 and at pH 9.

The

when heated at l00 °C for 60

has a maximumstability

at pH val ues

It is important to note that the inhibiting
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act ivit y is relatively
peratures

unstable at pH 7, irrespecti ve of the tern-

of treatment.

A decrease in trypsin i nhibit in g activ ity

after the exposure of the inhibitor

to the environment at pH 6 to 8

suggests the presence of two amino acid residues with different
tion tend encies .

ioniza-

At pH 6, probably, an ionic bond is cleaved with

reduction i n the acti vity and at pH 8 a new ionic bond is formed which
stabili zed the molecule .

One of these two residues may be histidine.

The pK' of imidazole ring of histidine

is 6, and hence, histidine

changes its acid-base property at pH 6.

Table 12.

Effects of thermal treatment on the stability
gram trypsin inhibitora

Temperature
( oc )

Duration
(min.)

of b1ack

Residual trypsin
inhibiting activity

40

10
15

100
98

60

10
15

88
87

80

10
15

86
86

100

10
15

85
80

108 (5 psi steam)

10
15

73
67

116 (10 psi steam)

10
15

62

aOne ml of 100 mg%trypsin inhibitor solution at pH 5 . 2 was heated
in a water bath (40°-1 00°C) or autoclaved {5 and 10 pounds per
square inch (psi) steam pressure).
Treated samples were assayed
for trypsin inhibiting activity.

(%)

Fig. 15.

Residual trypsin inhibiting activity response surface for
black gram trypsin inhibitor with variations in pH (l, 3, 5,
7, 9, or 11) and temperature (0, 22, 60, or l00 °C). (Measurements of pH were made at 22°C and th e corrections were not
applied for their values at other temperatures . One ml
samples were treated for 60 minutes, neutralized to pH 7 ±
0. 2, dialyzed for 24 hours, and lyophilized . Lyophilized
samples were dissolved in l ml water and assayed for trypsin
inhibiting activity.)
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The effect

of denaturing agents such as urea, SOS, and 8-

mercaptoethan ol on the lability

of the inhibitor

Although only 9% of the activity

was investig ated .

was lost when the inhibitor

was

heated at l 00°C for 5 minutes in the presence of 1% SOS (Fig. 14),
and8 Murea denatured 75% of the activity,
plete with 8- mercaptoethanol.
role of the only disulfide
hibitor

the inactivation

This indicates

was com-

the important st ructu ral

bridge in the moiety of the tryps i n i n-

in black gram.
Chemical Modifications of the Inhibitor

All trypsin

inhibitors

may be divided into two groups, dependi ng

upon whether arginine or lysine is involved at the active s i te (Ozawa
and Laskowski, 1966).

The presence of arginine at the active site can

be readily confirmed by rapid inactivation
fication

with an arginine-specific,

cyclohexanedione (CHO) (Toi et al.,
over three-fold

of the inhibitor

1,2-diketone,
1967).

on modi-

such as 1,2-

Toi et al . (1967) used

excess of the reagent and arginine modificati on was

complete in 3 hours.

Levy et al . (1977) reported that 100-fold excess

of butanedio ne modified arginine residues in glucose-6-phosphate
dehydrogenase within l hour.

In the experiment reported herein,

CHO

was in over 1000-fold excess and arginine modification was studied
for 1 hour.

During CHOtreatment the inhibitor

faste r rate for the first
the inhibitor

20 minutes.

activity

(Figure 16A). The

was hydrolyzed with 5.7N HCl and its amino acid

composition was determined (Table 11).
for praline

at a

At the end of the 1-hour period,

had lost 55%of its original

CHO-treated inhibitor

lost activity

Losses of residues were noted

(four in nine), cysteine (two in two), and lysine (one in
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six) ,

A residue of arginine remained unmodified, probably due to its

spatia l location.

Oerivatized argi nine was eluted with the basic

amino acids and preceded lysine in its elution with the buffer (pH
6. 35) in the amino acid analyzer .
Involvement of lysine at the reactive
tizing

site is confirmed by deriva-

lysine with 2,4,6-t ri nit robenezene sulfonic acid , TN8S (Habeeb,

1966) .

Percent lysine r esidues derivatized

assumption that increase in optical
proportional

was calculated

with the

density at 344 nm in the assay is

to the extent of ly sines modified .

that all modifiable lysines were derivatized

It was further

assumed

in 16 hours reaction

with TN8S. After 120 minutes, the trypsin inhibiting

activity

was

reduced by 47%, when 86% of modifiable lysines had reacted with TN8S
(Fig. 168).
Thus, chemical modification,
not completely inictivate
CHO-treated inhibitor

either with CHOor with TNBS, did

the inhibitor .

WhenTN8Smodification

was undertaken, residual

trypsin inhibiting

activity

had superimposed with the percent lysine residues under-

ivatized

(Figure 168),

treated

trypsin

inhibitor

of

About 25%of the inhibiting

activity

of CHO-

was lost within 2 hours of TNBSreaction.

The lysine residues modified were also 25%, These results

indicated

the presence of lysine as well as arginine at the reactive

site of

the inhibitor .
A confirmation of this conclusion was supported by another experi ment.

The inhibitor

was modified with trypsin which, in turn, was

treated with carboxypeptidase B.

To distinguish

of carboxypeptidase 8 on trypsin-treated

inhibitor

between the action
from that on the

Fig. 16.

Chemical modification

of arginine and lysine residues in black gram trypsin

inhibitor.

A. This refers to the effect of arginy·1 derivitization
with CHOon trypsin inhibiting activity.
To 0. l ml inhibitor (50 mg%), 0. l ml CHDsolution (2%) and 0.3 ml of 0.075 M ethanolamine
buffer (pH 8. 75) were added.
Activity in the presence of CHO
. o------ Acti vity in
the absence of CHO(control).
B. This corresponds to the lysinyl derivatization and % free amino group modification with
TNBSon trypsin inhibiting activity of the native as well as CHO-modified trypsin
inhibitors.
A-· - ·-•A Percent residual trypsin inhibiting
activity. o .. , .. , •• o Percent
underivatized lysine residues in the CHO-modifiedtrypsin inhibitor . •'''''~"• Percent
residual trypsin inhibiting activity . •
• Percent underivatized lysine residues in
the native trypsin inhibitor .
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inh i bitor or trypsin,

contro l s were run .

Carboxypeptidase B treat -

ment was extended to 24-48 hours (Wilson and Laskowski, 1973; Yamada
et al . , 1976).

Carboxypeptidase Bis

peptide bonds sequentially

a specific

enzyme and cleaves

from the carboxyl terminal of a protein

having lysine or arginine.

In this work, duration of carbo xypeptidase

B treatment was reduced to 30 minutes .

This was to ensure pr efere nti al

hydrolysis of terminal amino acids and to minimize liberat i on of other
amino acids f rom the trypsin-modified
liberated
analyzer ,

peptide of t he inhibitor .

amino acids were quantitatively
Table 13 indicates

measured on the ami no aci d

that 11. 4 pmole of lysine and 3. 8 pmol e

of arginine residues were liberated

f rom 600 pmole of inhibito r .

a protein with lysine or arginine at the N-terminal,
B hydrolyzes the amide bonds sequentially

ent spatial

of alanine and his -

with alanine and hi st i dine.

The uneven extent

of lysine and arginine can be expected for thei r diffe rlocations

resides in the vicinity

and particularly

if histidylarginine

of the active site .

boxypeptidase B reaction is around 7.5.
histidine

The

that the amino terminals of lysine and arginine may

be shared respectively
of liberation

In

carboxypeptidase

from N- terminal .

hydr olysis of 1. 2 and 0. 96 pmole, respectively,
t i dine indicates

The

linkage

The pH optimum for car-

The acid-base property of

changes in a pH range of 6 to 8.

The access of carboxy-

peptidase B to the arginine residue at the active site may, thus, be
modified by the pH environment .

In a separate experiment where

carboxypeptidase B reaction was carried out at pH 7. 8, the molar proportions between liberated
Higher amounts of liberated
vindicate

that the inhibitor

lysine,

arginine,

and histidine

were 4. 5:3:1.

lysine on carboxypeptidase B treatment
may be classified

as the lysine inhibitor.

Table 13.

Release of amino acids after carboxypeptidase B treatment of trypsin modified trypsin inhibitora

Amino
acid
Aspartic
Glycine
Alanine
Leucine
Isoleucine
Tyrosine
Phenylalanine
Lysine
Histidine
Arginine

Carbox1~e~tidase B treatment on
Trypsin modifiedTrypsin inhibitor
trypsin inhibitor
( contro 1)
I
II
5.63
0.53
2.28
0.73
3. 60
3.44
0.66
13. 97
0.96
3. 77

2. 25
trace
trace
0. 59
l. 15
1. 07
0. 47
2. 56
0
trace

Trypsin
(control)
II I
3. 69
0.44
L07
1. 47
3. 22
2.98
0.91
trace
trace

Amino acid
residues
I-(II+III)
mole x 109

Molar
rati~
x 10

l. 21

l. 9

11. 41

18. 0

o.96

l. 5

3. 77

6.0

aThe procedure for the carboxypeptidase B action on trypsin modified trypsin inhibitor has been detailed
in the "Experimental Procedure." The treated sample (5 mg) was lyophilized, dissolved in 0.2M citrate
buffer (pH 2. 2), and liberated amino acids were quantitatively measured on the amino acid analyzer .
Columns I, II, and III represent carboxypeptidase B action respectively on the trypsin modified inhibitor,
trypsin (control), trypsin inhibitor (control) . I-(II+III) refers to the amino acid residues liberated
from the inhibitor due to the successive treatments with trypsin and carboxypeptidase 8. Amino acid
residues are expressed as residue x 10-9 moles. Molar ratio corresponds to the moles of amino acid
liberated per mole of the inhibitor.
00
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Kinetic Studies
The Lineweaver-Burk (1934) plot for the inhibition
creatic

trypsin

hibitor

concentration

inhibitor

is shown in Fig , 17,

of bovine pan-

The inset of slope versus in-

plot has an intercept of a , 71 µM. K. for the
l
7
thus is 7. 1 x la- M, in agr eement with the value obtained

from th e r ate equation, assuming the inhibitor

to be noncompetitive .
Kmand Vmaxfor trypsin under the assay conditions were 5. 5 x ,a-5M
3
and 7. 4 x ,a- M/minute, respectively . Stat istic al considerations indicate that the double reciprocal

graph of Lineweaver-Burk gives a poor

estimate of Kmand Vmax(Wilkinson, 1961).
does not vary greatly with v when vis

Since the varianc e of S/v

distributed

with uniform vari-

ance, th e Cornish-Bowden treatment gives a better

estimate (Cornish -

Bowden, 1974) .

This procedure when used in conjunction with Dixon' s

(1953) method (Fig. 18) provides the dissociation

enzyme-inhibitor-substrate

constant f or the

,

complex, EIS (K.') in addition to the dis -

sociation

constant for the enzyme-inhibitor complex, EI (Ki) . Calculated Ki' and Ki were, thus, 1, 9 x l0- 6M and 4 x 1a- 7M, respectively.

The latter

two plots complemented each other and provided the values
5
of 2. 7 x ,a- M and 6 x ,a-3M/minute, respectively, for Kmand Vmax·
The three plots together predicted that the inhibition
linear mixed-type.
black gram trypsin

The inhibition
inhibitor,

of bovine pancreatic

thus, represents

competitive with pure noncompetitive systems .
plot suggests that the EIS is inactive .
was re duced by a factor of 2. 3 (a=
t o the enzyme. The dissociation
in the proportions

of 1:3 . 8:68 ,

is of a

trypsin by

a mixture of part ial
Linearity

The affinity

of the Dixon

for the substrate

2.3), when the inhibitor

was bound

constants for EI, EIS, and ES were

Fig. 17.

Lineweaver-Burk plot for the inhibition of bovine pancreatic trypsin by black gram try~sin
inhibitor.
(Data are plotted as reciprocal of the initial velocity (l/y, min. m mole- )
versus reciprocal of the initial TAMEconcentration (1/S, mM-1). The assay conditions
were 0.05 M Tris-HCl buffer containing 0.01 M CaCL2, pH 8, l at 22°C with three levels of
trypsin inhibitor . •
•No inhibitor . 011 111111111110 2. 15 x ,o-7 M.........
4. 3 x lQ-7 M.
Inset replots slope versus the inhibitor concentration . )
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molecular similarities
classified

.

The trypsin

as "lysine inhibitor"

the amino acid contributing
trypsin-susceptible

or

inhibitors
11

have been further

arginine inhibitor,"

based upon

the carboxyl group for the formation of

amide bond.

The chemical modification

studies presented herein suggest t he in-

volvement of both arginine and lysine at the reactive
gram trypsin inhibitor .

This was an unusual finding .

suspect the homogeneity of the inhibitor .
have shown: (a) constant specific
A-Sepharose, (b) solitary

activity

site of bl ack
This l ed us to

The experimental results
across the peak on Con

bands in electrophoresis

with different

systems, (c) elution as a single peak on Sephadex G-50, DEA
E, DEAE
Sephadex A-25, and CMSephadex C-50, and (d) agreement between the
molecular weights deduced from SOS-gel electrophoresis
composition .

On the basis of these observations,

i solated protein may be concluded.
inhibitors

Possibility

to be less probable .

of coexistence of t wo

amino acids, respectively.
differed,

Such occurrence,

Each of the isoinhibitors,

vulgar>is L. ) had 10 basic amino acids,

sites

homogeneity of the

having similar composition with different

t he active site may not be excluded.

and amino acid

amino acids at
however, appears

I and II of Phas eolu s

but contained 17 and 15 acidic

Amino acids at their

respective

active

but they were separable on ion-exchange chromatography

(Wilson and Laskowski, 1973).
Rhodes et al . (1960) observed that a molecule of duck ovomucoid
complexed with two trypsin molecules.
active sites
28,000.

for trypsin .

Black gram trypsin

Duck ovomucoid, thus, has two

The molecular weight of duck ovomucoid is
inhibitor

has a molecular weight of 7932.
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It also inhibits

chymotrypsin ,

proposed to be distinctly

Chymotrypsin inhibiting

different

site has been

from the one for trypsin

inhibi-

tion (Tan and Stevens, 1971; Odani and Ikenaka, 1972; Belew and Eaker,
1976).

The presence of two sites

for trypsin

tional one for chymotrypsin inhibition,
gram trypsin

inhibitor,

third possibility
essential

residues .

This led us to consider the

site may consist of two or more

CHOtreatment derivatized

out of three available

and an addi-

in a "tiny" molecule of black

seems improbable.

that the reactive

inhibition

per molecule.

two arginine residues

The rate of lysine reaction with

TNBSis considerably reduced with CHO-treated inhibitor ,

Modifica-

tion of two arginine residues might have led to the conformational
change of the molecule .
TNBScan be better

The lowered rate of lysine reaction with

explained if one of the residues of arginine is

assumed to be in the proximity of the "important" lysine residue .
argument is further

strengthened by the liberation

This

of 0. 18 mole of

lysine and 0. 06 mole of arginine when 1 mole of trypsin-modified
inhibitor

was reacted with carboxypeptidase B.

Ozawa and Laskowski

(1966) have also reported the release of arginine,
tidine

residues when modified soybean trypsin

with carboxypeptidase B.

Our studies,

with pH during thermal treatment,
histidine

in the architecture

established
histidine-71
et al.,

relating

inhibitor
inhibitor

and his-

was treated
stability

have suggested the presence of

of the active site .

the polar interactions

lysine,

Crystallography

has

of arginine-63,

arginine-65,

and

residues of soybean trypsin inhibitor

with trypsin

(Sweet

1974).

Their work has also elucidated

15 and arginine-17

the presence of lysine-

in the active site loop of pancreatic

trypsin
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inhibitor

(Kunitz).

X-ray studies have also shown that the tetrahedral

adduct formed between serine and glycine residues of enzyme and lysine
or arginine residue in the scissile
make an important contribution
The stability

bond of the inhibitor

toward the stability

does not

of the complex

is mainly due to non-covalent interactions

partners of the complex (Vincent et al.,
(1970) elucidated

1974). Acher and Chauvet

the presence of a "special

acid and proposed the participation

between the

bond" involving glutamic

of one of the arginyl residues in

addition to the ionic bond with lysine in a complex formation of
pancreatic

trypsin

that lysine,
specific

inhibitor

arginine,

spatial

any alteration

with the enzyme. Our studies suggest

and certain

locations

other amino acid residues may have

at the active site of the inhibitor

in their acid-base properties

affects

the activity .

About 35% of the amino acid residues are hydrophobic .
contribution
inhibiting
hibitor .

of the hydrophobic bonds towards the stability
activity

and

Minimal
of

is evident from the reaction of SOSwith the in-

Denaturation with urea suggested that hydrogen bonds may have

an important role in stabilizing
activation
disulfide

of the inhibitor

the inhibitor

moiety .

Complete in-

with 8-mercaptoethanol hinted that the

bridge may be vitally

important in retaining

the inhibiting

activity .
Green (1953) objected to Fraenkel-Conrat's
trypsin

inhibition

by the inhibitor

(1949) assignment of

as noncompetitive.

He argued that

such a conclusion was based upon the Lineweaver-Burk treatment,
is not applicable
employed,

as K.
is much lower than the inhibitor
1

which

concentrations

We have presented data in the form of Lineweaver-Burk,
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Dixon, and Cornish-Bowden plots .

The value of Ki (4 x l0- 7M) and the

to be of a linear mixed-type ,
inhibitor

concentrati~ns

vindicate

the validity

All of these suggested the inhibition

(0-4 . 3 x l0- 7M) were of the same order and
of the double reciprocal

plot - Boisen (1976)

has reported that barley trypsin

inhibitor inhibited trypsin noncompetiti vely and the Ki value (9 x l0- 6M) and range of inhibitor
concentration (0-8 . 4 x l0- 6M) were of the same magnitude .
The presented data and the homological interpretations
certain

structural

predict

aspects of black gram trypsin inhibitor

Tetra-

hedral adduct formation may involve lysine residue from the vulnerable
scissile

bond in the inhibitor.

An arginine residue may be essential

in the complex formation of the inhibitor

with the enzyme.

and arginine moieties may be present as alanyllysine
arginine .

and histidyl-

It appears that the hydrogen-bonded structure

plex is significantly

stabilized

by the disulfide

Lysine

frame.

of the comThe proposi-

tion of involvement of multiple residues in trypsin-trypsin
interaction

is compatible with observations

chemical entities.

son et al.,

and histidine-119,

1971).

made on some other bio-

It has been confirmed that the substrate

ribonuclease A and through the
12, lysine-41,

inhibitor

11

charge relay system 11 between histidinethe catalysis

Low value of K.l predicts

processes may not be operative

binds to

takes place (Richard-

that such charge transfer

in the trypsin-trypsin

inhibitor

system

and hence the

11

The inhibitor

is macromolecular and the conformational as well as

substrate

se condary specificities
acid .

11

(the inhibitor)

indicate

remains bound to the enzyme,

involvement of more than one amino

The perfect complementarity between the structures

of the
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inhibitor

and the enzyme is also demonstrated by the fact that potato

trypsin inhibitor

inhibits

bovine pancreatic

trypsin but not trypsin

from the human pancreas (Feeney et al . , 1969).

An example may be cited

of a macromolecular, nonenzymic, protein which is the neurotoxin in
the venom of Formosan cobra, Naja naja atra.
acid residues and its toxicity
of three specific

The toxin has 62 amino

resides in the intact chemical nature

amino acids - -tyrosine,

glutamic acid, and tryptophan

(Chang and Hayashi , 1969; Chang et al . , 197la; Chang et al . , 197lb) .
More work on different

proteins is, however, necessary to determine

whether the similarity

observed between black gram trypsin inhibito r

and the neurotoxin,
coinci dental .

in terms of multiple points of attachment, is
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SUMMARY
A trypsin

inhibitor

mungo L. ). in a purified

electrophoresis.

has been isolated
form. as indicated

from black gram (Phase olu s
by polyacrylamide gel

molecular sieve chromatography. ion-exchange chroma-

tography. and amino acid analysis

The inhibitor

residues with a molecular weight of 7,932.

has 75 amino acid

Kinetic data have been

evaluated by Lineweaver-Burk. Dixon. and Cornish-Bowden plots .

The

constants Kmand Vmaxas evaluated by the latter two plots
are 2. 7 x 10- 5 Mand 6 x 10- 3 M/minutes, respectively.
The dissociakinetic

tion constants of the enzyme-inhibitor
inhibitor-substrate
respectively .

complex (K. 1 )
l

Trypsin inhibition

has been of a linear-mixed
indicated

type .

,

complex (K.) and the enzymeare 4 x ,o-7 Mand 1. 9 x 10- 6 M,

by black gram trypsin

inhibitor

Chemical modification

studies

have

the involvement of lysine and arginine at the active site

of the inhibitor.

Stability

studies

have assigned an important role

for the hydrogen bonds, ionic bonds. and the disulfide

bridge .

The existence of multiple points of attachment for the binding of
the inhibitor

molecule with the enzyme moiety has been concluded .
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PARTIV
EXTRACTION
ANDCHARACTERIZATION
OF RICEPROTEINS
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INTRO
DUCTION

Rice (Oryz a sa ti va L.) has been an important staple cereal since
ancient times.

Through the decades, natural spoilage of rice has

furnished a basis for its desirable
amarillo,

and idli

nutritional

fermented products such as sak~.

(van Veen, 1972), by virtue of their appeal and

qualities ,

As a part of our biochemical studies on the

legume, black gram (Phas eoZus mungo L. ), we proposed to investigate
the fermentation for idli.
stituents

of idli--black

This necessitated

the studies on the con-

gram and rice.

The studies were undertaken to investigate
rice,

on which work has not been reported.

of other varieties

the Texas long-grain

Extraction and composition

of rice have been studied (Mcintyre and Kymal,

1956; Cagampanget a 1. , 1966; Tecson et al . , 1971) .

position of rice is influenced by the variety
et al . , 1953), the reported results
Texas long-grain rice.
traction
rice .

and environment (McCall

could not be extrapolated

This part presents the results

and characterization

Si nee the com-

of the proteins

to

on the ex-

in Texas long-grain

The rice proteins were evaluated for their relative

amounts

and amino acid compositions, and an attempt was made to predict their
nutritional

quality.

the isoelectric

To our knowledge, this is the first

points of rice proteins

time that

have been reported .
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EXPERIMENTAL
Material
Oehulled rice (Texas long-grain)
a 60-mesh screen and defatted
20 hours ,

in a soxhlet extractor

The meal was stored at 5°C, after
Fractionation

in Part I.

with n-hexane for

removal of the hexane,

of Rice Proteins

The rice proteins were extracted
tailed

was milled in a Wiley mill with

according to the procedure de-

All the freeze-dehydrated

samples were stored at

5°C.
Polyacrylamide Gel Electrophoresis
The protein fractions

were electrophoresed

acrylamide gel with two different
dissociating

medium, phenol-acetic

was in the first

on flat-bed,

poly-

systems in two directions.

The

acid-mercaptoethanol-urea

(PAMU),

dimension, whereas the sodium dodecyl sulfate

system was in the second .
determined separately

(SOS)

The molecular weights of the subunits were

by the one-dimensional SOSmethod,

The electro-

phoretic procedures and the protein standards for the molecular weight
determination

have been reported in Part I.
Isoelectric

Focusing

Polyacrylamide gels (0.5 cm diameter, 11 cm length) containing
6 M urea and LKB-ampholine (pH, 3. 5-10) were prepared according to

98

Llewellyn and Flaherty (1976).

Freeze-dehydrated protein samples were

dissolved in deionized water containing 6 M urea, 2%mercaptoethanol,
and 5% sucrose.

The focusing was performed for 5 hours during which

the current flowing through each gel was reduced from 1 mAto 0. 16 mA.
The anode buffer was 0.02 M NaOHcontaining 6 M urea (pH 12.4) and
cathode buffer was 0. 06% orthophosphoric acid with 6 M urea (pH
adjusted to 1, 7) .

The gels having protein samples were stained with

bromophenol blue .

The gels run without protein samples were cut 1 cm

in length, dispensed in small vials,
water.

and immersed in 2 ml of deionized

The pH was noted with a combined electrode

and pH gradient

along the gel length was constructed.
Amino Acid Analysis
Protein samples (l-2 mg) were hydrolyzed for 24 hours at 100°C i n
3 ml of 3x glass distilled

5.7 N HCl in sealed and evacuated tubes .

The resultant

hydrolysate was lyophilized

0. 2 M citrate

buffer,

pH 2. 2.

model 120-B amino acid analyzer,

to dryness and dissolved in

Analyses were carried out on a Beckman
using the Durrum single column, three

buffer elution

system.

Tryptophan content was determined by the spec-

trophotometric

method (Beneze and Schmid, 1957).

The amino acid composition was used to estimate the nutritional
value of the protein based on the reference pattern of amino acids
(World Health Organization,

1973),

included the proportion of total

essential

acids in the protein (E/T%), limiting
score, protein efficiency

ratio

The evaluated nutritional

parameters

amino acids with total

essential

amino

amino acids, chemical

(PER), and biological

value (BV). PER
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values were estimated by the regression
(Alsmeyer et al . , 1974).
trition

are predicted

Biological

equat i ons proposed earlier

values of proteins

in human nu-

using equations developed by Morup-Olesen

(1976),
Analytical

Procedures

The semimicro Kjeldahl method was used to quantitate
content of rice (Association

of Official

Agricultural

the nitrogen

Chemists, 1960) .

The crude protein content was obtained by employing the conversion
factor of 5. 95.

Protein contents in the extracts

Lawry's method (Lowry et al.,
for the optical

densities

1951) .

Protein fractions

in an ultraviolet

on a Beckman DB-Gspectrophotometer

were assayed by
were scanned

region from 220 to 320 nm,

equipped with a recorder.
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RESULTS
ANDDISCUSSION
Fractionation

of Rice Proteins

The crude protein content of Texas long-grain
free basis was 10.6

±

0. 1%. The Osborn protein fractionation

cedure, when performed as outlined earlier
of the proteins ,

The extraction

traction

pro-

(Part I), extracted

26.4%

depends upon the sequence in which

the solvents are used, vigor of extraction,
startin g material

rice on a moisture

(Bietz and Wall, 1975).

and the condition of the
The percent protein ex-

was r ather low, but the procedure was designed to isolat e

th e proteins

in the native form.

denatured during separation

A part of the isolated

from the albumins.

denatured proteins were centrifuged
Thus, the fractions
dissolution

isolated

globulins was

The irreversibly

out and were not accounted for.

herein conformed to their expected

properties.

Cagampanget al . (1966) have reported the extraction

of 97% of

the endosperm proteins when 100 mesh rice was treated with a 20-f old
amount of 0. lN NaOHfor 6 hours.

Mcintyre and Kymal (1956) extracted

97-98% of the proteins when alkyl benzene-sulfonate
carbonate (2%), and sodium bisulfite

(4%), sodium

(0.29 %) were used in 5-fold

excess amounts for the three extractions

lasting

2, 4, and 9 hours .

Earlier work on black gram (Part I) has confirmed that the protein
solubilization

is more effective

under the conditions

such as pH

extremes or the presence of chemicals like polyphosphates and detergents .

Proteins so extracted,

or the modified moieties .

however, have contaminating residues
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The albumins, globulins,
60 mesh defatted
respectively.

prolamins, and glutelins

rice flour were in the proportions
This ratio of the solubilized

with the milling fraction .

extracted

of 8:9.5:12 .5:70,

fractions

varies markedly

The ratio for bran was 30:14:5:51,

for the milled rice it was 5:9:3:83 (Juliano,
to the reported values, the relative
(12. 5%) seemed to be higher .

1972).

denaturation

whereas

Whencompared

proportion of the prolamins

In addition to the variety of rice

employed, removal of a part of the globulins and glutelins
their irreversible

from

due to

might have increased the prolami n con-

tent in this study.
AminoAcid Composition
The amino acid analyses of rice and its fractions
in Table 14.

are presented

The gross comparison between the protein fractions

suggests that the albumins contained highe r proportions

of the un-

charged polar amino acids (27. 8 mole%) and lower amounts of acidic
amino acids (21.6 mole %) .

Basic amino acid content (15. 4 mole %) was

the highest in globulins which registered
acids (37. l mole %).
properties)
intermediate

The classified

of amino acids in glutelin

low in hydrophobic amino

distribution
indicated

for all the classes of amino acids .

was the compositi on of prolamin fraction .

(based on acid-base
that the values were
The most striking

Amongfour fractions,

prolamin had the highest amounts of hydrophobic (45. 5 mole%) and acidic
(28. 2 mole%) amino acids, whereas the contents of basic (7. 3 mole %)
and uncharged polar (19. 0 mole %) amino acids were the lowest.
contrast

between the compositions of prolamin and other fractions

The
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Table 14.

Amino acid composition of rice proteins

Amino
acids
Aspartic
Threonine
Serine
Glutamic
Pro line
Glycine
Alanine
Cysteine
Valine
Methionine
Leucine
Isoleucin e
Tyrosin e
Phenylal anine
Lysine
Histi dine
Argin ine
Tryptophan

Albumin
9, 6
5. l

4.7
12. 0
5.9
13.0
11. 1
2.2
6. 8
1. 5

3. 3
5. 9
2. 8
2. 6
5. 1

2.2
5.3

LO

Protein fraction
Globulin
Prolamin
8. 2
2.7
7. 1

16.4
4.2
9. 8
8. 1

0. 9
7. 1
2. 6
4.0
6. 5
2, 4
3.7
3. 2
2, 2
10. 0
0.9

8.3
1. 3
5. 1
19.9
5.5

6. 2
9. 5
trace
7.0
0. 8
4.4
12. 3
6. 4

4. 4
1. 0

1.7
4. 6
L6

and their

fractions

Glutelin

Rice
proteins

9. 7
3.0
5.4
16.9
6.0
8. 9
7.9
1. 7
6.8

3. 5
4.8
16. 9
5. 4
8.9
8. 6
0. 9
6. 7

l. 7
4. 1

9. 1

1. 3

7. 8

4. 6
8. 4
3. 7
4. 0
3. 4
2.2
6. 6

1. 0

1. l

7.0
3.7
4. 1
2.3
2. l

--------------------------------------------------------------------Clas sified
distribution
of amino
acids
(mole%)
Hydrophobic
Uncharged
polar
Basic
Acidic

38. l

37. 1

45. 5

38. 6

40. l

27. 8
12. 6
21. 6

22.9
15. 4
24, 6

19.0
7..3
28.2

22. 7
12.2
26.6

21.8
12. 2
26.0
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seemed more magnified when comparis on was made on the basis of individual amino acids .
lysine,

histidine,

Threonine, glycine, cysteine,

and arginine contents were the lowest in prolamins

which were constituted
leucine,

isoleucine,

observations

methionine,

with the highest amounts of glutamic acid,
tyrosine,

phenylalanine,

regarding the relative

and tryptophan.

These

composition of prolamin with other

coincided with the data (Tecson et al . , 1971) presented by

fractions

Juliano (1972), except for tryptophan content which was reported to
be low by them.
Estimation of Nutritional
The nutritional

quality

its amino acid composition ,
recalculated

Quality and Quantity

of a protein is principally

governed by

Amino acid contents in Table l were

and expressed as mg amino acid per g protein nitrogen,

g amino acid per 100 g total
used to quantify certain

amino acids, and the data were further

nutritional

parameters (Table 15).

The World Health Organization of the United Nations (1973) has
suggested the provisional
protein .

amino acid scoring pattern for an ideal

The pattern recommends that for a good protein,

the E/T

ratio should be at least 36%. Rice proteins and protein fractions
individually

exceeded this criterion.

Contrary to the expectation,

the prolamins with E/T value of 43. 2% ranked the highest.
inferior

quality of the prolamin fraction

by its essential
isoleucine,

amino acid scores.

The known

is, however, demonstrated

With the exception of valine,

and aromatic amino acids, the remaining essential

acids were markedly limiting .
with the chemical score of 23.

Lysine was the most limiting
Other limiting

amino
amino acid

amino acids in the

Table 15.

Nutritional

Nutritional

parameter

Albumins

Globulins

E/T, %a
Chemical score a
Limiting amino acidsa
First
Second
Third
Estimates of PERb

40.8
47. 5

38.0
53.0

I
11
III

Estimate of biologicalc
value

evaluation of rice proteins and their fractions
Prolamins

Glutelins

Total rice proteins

38.4
46.7

43.2
23.0

41. 0
65. l

Leu (47. 5)

Leu (53.0)
Thr (55. 6)
Lys (72.0)

Lys (23. 0)
Met+ Cys (26. 8)
Thr (31.2)

Lys ( 46. 7)
Leu (57.9)
Thr ( 66. l)

Leu ( 65. l )
Lys (66. 3)
Met+ Cys (67.9)

0.65
0.66
-1.76

0. 96
0. 78
-2.24

1. 09

0.56
-6.26

0.97
0.85
-2.29

-2. l

74.5

54. 9

3. l

31. 2

42. 0

l. 2

l.l

aE/T%, limiting amino acids and chemical scores were evaluated with WHO-UN
(1973) provisional amino acid
pattern as the reference . The figures in parentheses correspond to the amino acid scores .
bPERvalues were estimated according to the following regression equat ions proposed by Alsmeyer et al.
(1974). L PER= -0.684 + 0. 456 (Leu) - 0. 047 (Pro). II. PER= -0.468 + 0.454 (Leu) - 0. 015 (Tyr).
III.
PER= -1.816 + 0. 435 (Met)+ 0.780 (Leu)+ 0. 211 (His) - 0.944 (Tyr).
cPredictions of biological values of proteins according to the following equation (M~rup and Olesen, 1976).
BV= 102. 15 X 0.41 X 0. 60
X 0. 77
X 2. 4 X 0.21
qLys
qPhe + Tyr qMet + Cys qThr qTrp
Whereqi

ai ,sample
ai, reference ,fora

,. ,sampl e <a.
- , , re f erence andq.-,

a; represented mg of the amino acid per g of total

_ ai ,reference
ai ,samp1e ,fora

essentia l amino acids .

i.sample~ai
_

,reference
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prolamin fraction

included sulfur containing amino acids (26. 2),

threonine (31. 2), and leucine (67. 8) ,
were the most limiting

Leucine, leucine,

amino acids in albumins, globulins,

with 47. 5, 53. 0, and 46.5 as their

respective

balance of amino acids overall.

and glutelins

chemical scores.

albumins have lower chemical scores than the globulins,
a better

and lysine

Though

albumins have

Cagampanget al . (1976)

reported the chemical scores of 30 (based on tryptophan) and 75
(based on lysine),

respectively,

Though our results

indicated the lysine score to be 72, leucine and

threonine were more limiting

for rice albumins and globulins .

than lysine in the globulin proteins .

The lysine content of rice proteins
cereal proteins

(Juliano,

remains the first

berg et al . , 1959).

limiting

lysine still

amino acid, followed by threonine

(Rosen-

Leucine has not been reported to be the limiting

amino acid in rice proteins.
the first

In spite of this fact,

1972).

limiting

is the highest among the

Our observations

indicated

leucine as

amino acid in Texas long-grain rice proteins .

chemical score of rice protein is higher than its fractions,
ing complementation of essential

amino acids among them.

suggest-

Cagampang

et al . (1976) reported a chemical score of 73 (based on lysine)
rice proteins .

Our results

indicated

leucine,

lysine,

taining amino acids, and threonine to be the limiting
65. 1, 66, 3, 67. 9, and 78, 9 as their

respective

to predict

sulfur conamino acids with

valid equations
The equations (foot-

note for Table 15) were derived for meat-containing
seemed to be unsatisfactory

for

scores.

Alsmeyer et al , (1974) formulated statistically
to predict PER from the amino acid composition.

The

products and

PERof a cereal such as rice.

The reported ranges of PER values for milled rice were 1. 38 to 2.56

106

(Ju1iano, 1972) and 1.9 to 2. 1 (Kennedy, 1975L

The first

two re -

gression equations predicted 1.2 and 1. 1 as PERvalues for rice proteins (Table 15}.

In addition,

the albumin fraction

which had a

better amino acid make-up as judged by the provisional
Healt h Organization,

1973) was ranked inferior

pattern

(World

to the other fractions .

The estimated negative values of PERdue to excessive weightage on
tyrosine content in the third equation suggested its inapplicability

.

Rice proteins contained tyrosine higher than the level recommended
(up to 4. 8 g tyrosine

per 100 g of total

regression equation .

It appears, thus, that equations to predi ct PER

should be available

amino acids) for the t hir d

for each class of food products and the equat i ons

derived for the meat products cannot be extended to rice.

A similar

conclusion was reached by the proponents of these equations.
M¢rup and Olesen's (1976) equation was followed to predict the
biological

value of a protein in human nutrition .

The regression

equation was formulated on the potato-egg protein amino acid pattern
as the reference .
The correlation

The values were relative

between the calculated

and the observed biological

values for 27 food combinations was 0.95.
essential

amino acid patterns were better

1ogical values than PER values earlier

to 100 for egg protein .

It seemed that the evaluated
represented by these bio-

estimated .

that the prolamins had the least biological

Table 15 shows

value (3 . 1), whereas

albumins marked the highest (71, 5 BV) and the value for the total
teins was intermediate.

Lozsa and Koller's

(1954) work, as referred

to by Juliano (1972), indicated that the biological
rice, albumin+ globu1in fraction,

pro-

values for milled

prolamins, and glutelins

when fed to
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ani mals were 81. 4, 85. 4, 35. 0, and 85. 4, respe ctively .

The biolog i-

cal values estimated by the M~rup- Olesen equat i on were, thus, consistently

lower than the reported values .
Ultraviolet

The ultraviolet

Spectra

absorption spectra were recorded to characterize

the i solated protein fractions

(Fig . 19).

All protein fractions

showed a trough between 250-262 nm and a peak between 272 to 285 nm.
Protein fractions

separated on the basis of solubility

often cont ain

non-proteinaceous contaminants such as carbohydrates,
and pigments .

The ratios

of optical

densities

nucleic acids,

at 280 and 260 nm

(A280/A260) were computed to judge possible nucleic acid contamination .
A280/A260for albumin, globulin,

prolamin, and glutelin

1. 5, 0. 8, 1. l, and 1. 4, respectively .

amounts of tryptophan,

tyrosine,

fractions

were

Globul i ns contained lower

and phenylalan i ne.

explained the low absorption ratio for the globulins ,

This partly
The absorption

ratio of 0. 8 suggested, however, that the globulins may be contaminated
with the nucleotides .
Isoelectric
The isoelectric
20.

Incorporation

Focusing

points of rice proteins have been defined in Fig .
of 6 M urea and 2% B-mercaptoethanol reduced pro-

tein aggregation and increased its solubility .
that the dissociated
points,

even at their isoelectric

in 6 M urea and the use of dissociating

microheterogeneity
structure

proteins remain soluble,

It has been reported

aspects mainly to differences

(Catsimpoolas and Wang, 1971).

medium restricts
in the primary

the

Fig , 19.

Ultraviolet absorption spectra for the protein fractions
isolated from Texas long-grain rice .
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In spite of the multiplicity
dimensional gel electrophoresis,
pH of 6,42 .
and 7.27.

Isoelectric

of subuni ts demonstrated by twothe albumins showed a single band of

points of globulins varied between pH 5, 85

The proportion of protein(s)

having isoelectric

pH of 5. 85

seemed to be higher as the corresponding band was broad and pronounced.
Five bands closely spaced in the pH span of 6 to 6. 5 characterized
prolamins .

Glutelins

demonstrated two ranges of isoelectric

They showed the presence of seven acidic proteins
6.8 6) in addition to five basic proteins

spite of the dissociating

conditions,

the

points .

(pH range, 5. 70-

(pH range, 8. 00-8 .7 2).

a part of the glutelins

In

re-

mained unfocused .
Two-dimensional Gel Electrophoresis
The separation

of rice protein fractions

gels is seen in Fig. 21 (A-0).

The presence of six major proteins in

rice albumins is evident from Fig . 21A.
computed by the mobilities

on two-dimensional slab

The molecular weights as

in the SOS system were 135,000, 43,700,

31,600, 20,300, 15,300, and 7,400 .
7,400 was the most prominent.

posed of several polypeptides.

The protein(s)

of molecular weight

It seems that the globulins were comIn addition to seven distinct

there were 9 to 10 minor moieties (Fig. 218) .

proteins,

The molecular weights

of the most pronounced globulin proteins were 60,300, 54,300, 32,600,
and 13,200.

Cagampanget al . (1976) reported 20,000 and 12,000 as the

molecular weights of two major polypeptides of rice globulins .
results

did not coincide with their observations.

Our

The findings dif-

fered from those of Juliano and Boulter (1976) as regards the molecular
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size of prolamin constituents.

Juliano and Boulter (1976) reported

that rice prolamin has a single subunit of 23,000 daltons.
indicates

Fig. 21C

that the prolamin fraction was composed of two polypeptides

of 12,600 and 7,200 daltons.
the glutelins

Even though the separation obtained for

was far from ideal,

the presence of at least five major

proteins could be concluded (Fig. 210).

Their molecular weight s were

29,200, 15,300, 9,900, 9,200, and 7,700.

Variations as regards to the

number of subunits and their molecular weights may be emerging from
the systems employed for electrophoresis
of different

cultivars

of rice.

with the urea system (first

and the protein constitution

Two-dimensional gel electrophoresis

dimension) followed by the SOS syste m

(second dimension) has been reported to possess a better power of protein resolution

than SOSelectrophoresis

alone (Johnson et al . , 1975).

Similar was our observation with rice proteins.
to resolve the glutelin

proteins,

particularly

PAMU,however, failed
those of higher mole-

cular weights such as 29,200 and 15,300 daltons.
Johnson et al. (1975) separated the envelope proteins of Escher ichia

coli

across the entire surface of the slab gel when the 8 M

urea system was followed by the SOS system in the second dimension.
They reported that the separation

in the urea system depended upon

the intrinsic

Houston and Mohammad
(1970) had pro-

charge on protein.

posed that urea (7.5 M) could differentially

denature two proteins

having equal charges and molecular weights.

The majority of the pro-

teins in Figs. 21A and 218 were aligned along the diagonal, suggesting
that the mobilities
related parameters.

in the PAMU
and SOSsystems were dictated
Similar were the observations

by the

of Hoffman and

Ilan (1977) when they resolved ribosomal proteins in the 6 M urea

Fig. 21. Two-dimensional slab gel electrophoresis of protein fractions isolated from Texas long-grain
rice. (Phenol-acetic acid-mercaptoethanol-urea (PAMU)
system was in the first dimension
and sodium dodecyl sulfate (SOS) was in the second.)
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system followed by the SOSsystem.
proteins did not follow the
were the observations
distinctly
relationship

11

It is important to note that all

diagonal rule . 11 The most interesting

with rice globulins

three different

in Fig , 218,

types of proteins .

Each type had a diagonal

for the two systems of electrophoresis,

for each type was hindered to different

There were

but the mobility

extents in the urea system.

Thus, three diagonals with commonorigin were seen on the slab gel .
Hydrodynamic properties
PAMU,have not been studied .

of proteins,

in urea systems such as

It seems that the mobility of a protein

denatured by PAMU
may depend on its molecular size .
urea and atypical

Concentration of

composition of the protein seem to be crit ical

factors and may alter

the proposed behavior .
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SUMMARY
Protein content of 60 mesh, defatted
was 10 6% on a dry weight basis.

rice (Oryza sa tiva L. ) meal

Extractions with sodium sulfate

(10%), ethanol (70%), and acetic acid (0.05 M) isolated
rice proteins .

Albumin, globulin,

were in the proportions
violet

26. 4% of the

prolamin, and glutelin

of 8:9 . 5:12 . 5:70, respectively .

fractions
The ultra-

absorption spectrum, amino acid composition, isoelectric

and subunit constitution
each fraction .

of proteins were distinctly

Non-overlapping of isoelectric

The respective

prolamin, and glutelin
Leucine, lysine,

fractions

were 47.5, 53. 0, 23.0, and 46. 7.

limiting amino acids of total proteins

values of protein fractions

scores.

with phenol-acetic

(PAMU)system in the first

and threonine were the

in rice with 65. 1, 66.3 , 67.9,
The estimates of biological

in human nutrition,

as superior and prolarnins as inferior
gel electrophoresis,

confirmed homogeneity

chemical scores of albumin, globulin,

sulfur containing amino acids,

and 78. 9 as their respective

proteins .

qualified

albumins

Two-dimensional slab

acid-mercaptoethanol-urea

dimension and sodium dodecyl sulfate

system in the second dimension, was employed to dissociate
The results

for

points and molecular

weights of protein subunits for various fractions
of each fraction ,

different

points,

(SOS)

proteins .

indicated that the mobility of the protein in PAMU
may

depend on its molecular size .
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PARTV
FERMENTATION
OF THEBLACK
GRAM
ANDRICEBLEND
ANDITS INFLUENCE
ONTHENUTRITIONAL
FUNCTIONALITY
OF THEPROTEINS
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INTRODUCTION
ldli

is a fermented food product of a black gram and rice blend .

It is soft,
digestible

spongy, tasty,
food

attributes,

and is considered as a nourishing and easily

Fermentation for idli

contributes

desirable

shortens cooking time, and improves nutritional

flavor
value

(Rao, 1961) .
The ingredients--black
in water separately,
Increase in batter

gram and rice--are

ground and mixed together,

carefully

and allowed to ferment .

volume and other sensory characteristics

fermentation time, which also depends on the proportions
dients,

microflora,

temperature .

washed, soaked

and fermentation conditions

determine
of ingre-

such as humidity and

Radhakrishnamurty et al . (1961) reported that black gram

flour plays a major role in the fermentation,

both as a good source of

microorganisms and also as a vigorous fermenting substrate .
et al . (1965) indicated

Mukherjee

that the leavening action present in this

fermentation

is produced exclusively

fermentative

lactic

acid bacteria,

by the activity

of the hetero -

Leuconostoc mesenteroides

.

The present study was an outgrowth of our biochemical and nutritional evaluation

of black gram (Parts I-III)

and rice (Part IV).

The purpose of this work was to determine the physicochemical and
biochemical changes that accompany fermentation
effects

on the nutritional

quality of idli .

and to elucidate

their
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MATERIALS
ANDMETHODS
Materials
Black gram cotyledons (hencefo rth refe r red to as black gra m) and
Texas long grain rice (referred
mentation ,
employed,

to as rice) were used for t he fer -

For comparison purposes, Uncle Ben Converted rice was al so
Pepsi n and pancreatin,

both of B grades, were obt ained

from Calbiochem, San Diago, California .

Sulfosalicylic

thimerosal were f rom J . T. Baker Company, Phillipsburg,

aci d and
NewJers ey,

and Sigma Chemical Company,St , Louis, Missouri, respectively .
chemicals for polyacrylamide gel electrophoresis
ear lier

(Part I) .

The

have been reported

All other chemicals were of reagent gr ade.
Fermentation Procedure

Equal parts (500 g each) of black gram and rice were used i n the
fermentation process .
with distilled

Each of the ingredients

was thoroughly washed

water, soaked for 2 hours in 750 ml distilled

blended for one-half minute in a Waring blendor.
mixed and 20 g sodium chloride was added.
was 2. 5 kg.

The batter

They were then

The final mass of the batter

(200 g) was distributed

in containers and

incubated in a chamber maintained at 30°C, 75% relative
kinetic studies,

water, and

humidity .

the containers were removed at 4 hour intervals

For
until

24 hours had elapsed .

The contents in one container were allowed to

ferment for 45 hours .

The fennentation

time of 20 hours was judged

optimum on the basis of vol ume increase and appealing sour flavor .
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The sample batter at 20 hours was steamed for 5 minutes to yield the
traditional

idli ,

Individual fermentation experiments were conducted with black
gram and rice alone ,

Fermentation was also designed by replacing

Texas long grain rice with Uncle Ben converted rice ,
were quick frozen and lyophilized

All the samples

after withdrawing the aliquots

pH, microbial count, and moisture determinations .

for

Batter volume was

noted from the level of the batter in a 250 ml cylinder in which
a 70 ml sample was fermented .

The pH determination was made directly

on the batter with the BeckmanExpandomatic SS-2 pH meter ,
The fermentation batter obtained from the mixture of black gram
and rice is heretofore

referred

to as the BGR(black gram and rice)

fermentation ,. Separate fermentations with black gram and rice are
described as the black gram fermentation and the rice fermentation,
respectively .
Microbial Total Count
The samples taken for microbiological
with tryptone-glucose-yeast

extract

the colonies were counted after

examination were plated

agar (Mukherjee et al . , 1965) and

incubation at 30°C for 48 hours.

The

moisture in a sample was determined by drying at ll5°C for 4 hours .
The microbial count was expressed on a moisture-free

basis .

Determination of Trypsin and C~mot.!'.)'.E_?in
Inhibiting
The lyophilized

Activity

samples (1 g) were blended with 15 ml HCl (0.05 N)

for l minute, centrifuged,

and 3 ml trichloroacetic

acid (TCA) (20%)
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was added to the supernatant ,
cent r ifugation .

The TCAprecipitate

The centrifugate

was discarded on

was neutralized , dialyzed for 30

hours with four changes of water, and made to volume (25 ml).
enzyme inhibiting

activities

The

were measured as outlined in the Wor-

thington Manual (Decker , 1977).
Soluble Solids
To 10 g lyophilized

sample was added 80 ml water and the mixt ure

was bl ended for 1 minute in the Sorvall Omnimixer .
centr ifuged at 16,000 X g for 60 minutes, filtered
laye rs of WhatmanNo. l filter

paper .

water bath at 90°C fo r 1 minute.

The mass was
through three

The filt rate was heated i n a

It was then made to 100 ml and the

portions were used for the following determinations .
Tot al soluble solids were computed by difference
5 ml samples were dried at 80°C for 24 hours .
deter mined by titrating
pressed as g lactic
sulfuric

10 ml filtrate

acid per 100 g lyophilized

sugars .

The phenol-

1962) was employed to cal-

For the determination of the

soluble amino acids, 7 ml of 14%sulfosalicylic

acid was added to 20

and the samples were centrifuged .

were t i trated to pH 2. 2, lyophilized,
composition .

batter.

Soluble nitrogen was measured by the

Kjeldahl method using 15 ml portions ,

ml of the filtrate

Soluble acids were

with 0.05 N NaOHand was ex-

acid method (Hodge and Hofreiter,

culate soluble total

in weight when

The centrifugates

and analyzed for amino acid
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In vitr o Digestion

The pepsin-pancreatin

enzyme system of Akeson and Stahmann (1964)

was followed with certain modifications
Stahmann and Woldegiorgis, 1975),
follows .

(Saunders et al . , 1973;

The experiment was conducted as

In a 50 ml Erlenmeyer flask was suspended 250 mg of the

lyophilized

sample in 15 ml of 0.1 N HCl containing 1. 5 mg of pepsin

and shaken at 37°C for 3 hours .

The solution was titrated

with 0, 5 N NaOHand treated with 4 mg of pancreatin

in 7. 5 ml of 0. 2

M phosphate buffer (pH 8), containing 200 ppm thimerosal .
ture was shaken at 37°C for 24 hours .

acid .

The mix-

At the end of the incubation

period, the undigested proteins were precipitated
sulfosalicylic

to pH 8

with 15 ml of 14%

The flasks were shaken for another 15 minutes,

the contents were centrifuged,

and the supernatants

were titrated

to pH 2. 2 with 6 N NaOH
. The samples were lyophilized

and stored at

- 20°C for amino acid analysis.
AminoAcid Analysis
A Beckmanmodel 121 automatic amino acid analyzer was used with
a two-column standard protein hydrolyzate system according to the procedure outlined in the Beckmanmanual.

The basic amino acids were

separated on the BeckmanPA-35 resin whereas acidic and neutral amino
acids were chromatographed on the BeckmanUR-30 resin .
The total
acid hydrolysis.
in vitro

amino acid content in a batter was determined after
The lyophi1ized samp1es from soluble amino acid and

digestibility

experiments were dissolved directly

buffer (pH 2.2) and analyzed.
photometrically

in citrate

Tryptophan content was evaluated spectro-

(Beneze and Schmid, 1957).
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Electrophoresis
The proteins in the lyophilized
phenol-acetic

samples were electrophoresed

acid-mercaptoethanol-urea

(PAMU)system (Catsimpoolas

et al , , 1968) and in a sodium dodecyl sulfate
1970).

in a

(SOS) system (Laemmli,

The sample (1 g) was shaken with 5 ml of the respective

solubilizing

solutions

and centrifuged

after 1 hour.

The centrifugate

was heated in a boiling water bath for 2 minutes prior to SOS-gel
electrophoresis,
(50-100 µl) .

whereas in the PAMU
system it was directly

used
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RESULTS
BacterioJ.g_gj_caland Physicochemical Changes
The two most important physicochemical changes that occur in the
bat ter dur ing BGRfermentation are leavening and acid product i on. The
extents of these effects depend on the microflora and the ferment ing
substrat es . To assign the rel at i ve cont ribution of the ingr edi ents
for the provisio n of desir abl e micr oflo r a and t he f ermentabl e substr ates , separate fermentations with rice and black gram wer e conduct ed along with the BGRfermentation .

At 20 hours, lea vening of

t he BGRbat te r had reached its maximum,with about a 130% inc re ase i n
vol ume,

Batt er in rice fermentation also reached its peak in volume

i ncr ease at 20 hours, although the increase was only 30%.

Employment

of the Uncle Ben converted rice increased th e optimum fermentatio n t ime
t o 27 hours,
pace.

Leavening in black gram fermentation proceeded at a sl ow

Ther e was no marked increase in volume at the end of 24 hours,

al th ough at 45 hours it was over three-fold ,

There was a close rela -

tionship between the leavening and the microbial population .

Microbial

gr owth was r apid in rice fermentation for the first 12 hours . The
t otal counts increased 9, l x 104-fold in rice fermentation during the
f irst 12 hours, when the increase was less than 100-fold in black gram
and BGRfermentations .
The pH values were consistently
in each case ,

lowered as fermentation progressed

However, acid production was higher in rice fermentation

th an in black gram fermentation,

and the value for BGRfermentation
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was an intermediate .

After 20 hours, the drops in pH values were

0, 15, 0. 4, and 0,8 units,
fermentations .

respectively,

for rice,

BGR, and black gram

The changes in the microbial total

physicochemical properties

counts and the

have been summarized in Table 16,

Fig . 22 demonstrates the predominance of a culture,
L. mes ente r oide s, when idli

tion of

L,

the first

batter

at 20 hours was plated .

in black gram batter

mesenteroides

presumably

was insignificant

20 hours (Fig. 22A,B) which, however, was built

(Fi g. 22C) and onwards.

The proporfor

at 24 hours

This organism seemed to be absent in rice

batter ,
The variations
shown in Fig . 23.
initial

in total

soluble solids and their

Total soluble solids

showed an increase in the

stages (0-4 hours) and plateaued further

stage of fermentation

(20 hours) .

components are

until

the desirable

The soluble crude proteins

steadily

increased during BGRfermentation

and the rate of increase was the

highest during the useful stage .

Except for the initial

(0-4 hours), total
sugar contents .

soluble solids were progressively

period

depleted in their

Soluble acids showed a steady increase throughout

the fermentation which was in parallel

with the drop in pH values in

Table 16.
l!:>-'.psinand Chymo~rypsin Inhibiting
Fig , 24 indicates

the effect

and chymotrypsin inhibiting
was not affected

of BGRfermentation

activities.

during the fermentation .

remained unaltered when the batter

Activities .
on the trypsin

Trypsin inhibiting
Trypsin inhibiting

at 20 hours was steamed.

activity
activity

Table 16.

Microbiological and physicochemical changes occurring in the fermentation of black gram
and rice blend

Fermentation
time
hr .

Batter
volume
(ml)

Black gram
pH

Log
microbial
count
3. 778

0

70

5.92

4

71

8

Fermentation medium
Rice
Log
Batter
volume
microbial
pH
(ml)
count

70

6.00

4. 000

6.05

70

5.85

4. 000

71

5.90

71

5.80

4.477

72

5.47

71

5. 80

5.886

72

5.69

92

5. 69

7.763

93

5.64

165

5.60

11. 176

80

5. 60

162

5. 27

10.7 48

80

5. 41

90

4. 80

8.663

70

6.25

5.80

71

72

5.80

12

72

5. 78

16

72

5.80

20

74

5. 77

24

77

5.65

45

300

5. 12

5.492

5.944

12.380

B1ack gram+ rice
Batter
Log
volume
microbial
pH
(ml)
count

4.000

8.959

11.114

8.322

Fig. 22.

Microbial colonies on tryptone-glucose-yeast extract agar plates.
(Plates a, b, and c refer
to the microflora present in black gram fermentation at 0, 20, and 24 hours, respectively .
Plates d and e correspond to the microbial population present in rice fermentation at O and
20 hours, respectively.
Petri dish f demonstrates the microorganisms in the batter of the
black gram-rice blend at 20 hours fermentation .)
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Fig. 23.

Changes in total soluble solids and their constituting components (sugars , crude proteins,
and acids) during the fennentation of the black gram-rice blend.
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Chymotrypsin inhibiting
during fermentation.

activity,

however, was progressively reduced

It reached 5% of its original value at 20 hours

and was completely denatured at 24 hours.
Polyacrylamide Gel Electrophoresis
The extent of protein hydrolysis during fermentation was st udi ed
electrophoretically

.

The protein pattern (Fig. 25, A-H) in bl ack gram

fermentation revealed that although the concentrations of al l the
protein subuni t s were reduced wi th the progress in fermenta t ion, a
portion of the major subunits of mol ecular weights 140,000 and 55, 000
(Part 1) remained intact even at 45 hours .
for the proteins in rice batter

The electropho ret ic patt er n

(Fig. 25, A-H) indicated complete

hydrolysis of protein subunits of high molecular weight after 45 hours
of fermentation .

The proteins in the BGRbatter were electrophoresed on

SOS (Fig. 26, A-I) as well as on PAMU
(Fig . 26, A-1) gels.
gel (Fig. 261) suggested complete proteolytic
proteins in the BGRbatter at 45 hours .

degradation of the

This result was not com-

plemented by the corresponding PAMU
gel (Fig. 261).
SOSgels pointed out a distinct
was steamed.
plified .

The SOS

Both PAMU
and

change when the BGRbatter at 20 hours

Upon steaming, the protein subunit patterns were sim-

The SOSgel showed the presence of only one major subunit

(of 55,000 daltons)

(Fig. 26G), whereas the PAMU
gel (Fig. 26G)

indicated two major bands,
AminoAcid Composition
Aminoacid analyses were made of the batters at 0, 20, and 45
hours to determine the alterations

in protein constitution

due to

Fig. 24.

Changes in trypsin and chymotrypsin inhibiting
black gram-rice blend.

activities

during the fermentation of the
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Fig. 25.

The protein subunit pattern at different stages of fermentation.
(The samples were electrophoresed with
Laemmli1 s (1970) system on the slab with 5 and 10% acrylamide concentration in the stacking and separating gels,
respectively . The figure at the top corresponds to black
gram fermentation, while the one at the bottom corresponds
to rice fermentation . Fermentation stages:
A and a =
O hour; Band b = 4 hours; C and c = 8 hours; D and d =
12 hours; E and e = 16 hours; F and f = 20 hours; G =
24 hours; and Hand h = 45 hours . )
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..)

A

c

d

Fig. 26.

The change in protein subunit pattern during the fermentation of the black gram-rice blend. (The samples
were electrophoresed according to Laemmli's (1970) (the
upper set) and Catsimpoolas' (1968) (the lower set)
systems. Acrylamide concentrations in Laemmli's system
were 5 and 10% in the stacking and separating gels,
respectively . The monomerconcentration was 7. 5% in
Catsimpoolas' procedure.)
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ABC

DEF

a
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d

GH

f

g
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micrcbial activities

.

Table 17 indicates

that the contents for almost

all amino acids were increased during fermentation and no generalization could be made.
in steamed idli

batter

The composition of amino acids in soluble solids
at 20 hours was evaluated in addition to the

BGRbatters at 0, 20, and 45 hours (Table 18).

These batter

samples

were also digested with pepsin and pancreatin to study the patterns
of awino acid release
not absolute.

(Table 19) ,

They represent

The values in Tables 18 and 19 are

the release

(mole percent) based upon

the total amino acid contents (Table 17) in the respective

Table 17.

Amino acid compositiona of the batter
rice blend

Amino
acid
Aspartic
Threonine
Serine
Glutamic
Pro line
Glycine
A'l ani ne
Cysteine
Valine
Methionine
Leucine
Isoleucine
Tyrosine
Phenylalanine
Lysine
Histidine
Arginine
Tryptophan

Ohr .
9, 3
2, 6
3. 2
15. 2
3,6
3. 4
3. 5
0. 2
4.8
1. 0
4.2
7. 1

3.4
5, l
4. 8
2.4
6. 9
306

samples,

of the black gram-

Fermentation time
20 hr .
13. 9
4. 0
5. 9
19. 4
4. 7
3.6
4. 9
trace
6.2
1. 6
8, 8
4. 9
4.5
6.6
6.2
3, 3
8, 9
3. 3

aExpressed as m.g amino acid per g of lyophi 1i zed batter.

45 hr .
19.9
5. 4
8. 8
28. 3

7. 0
5. 5
7.2
0. 1
9.6
5.2
13. 7

7.7
7. 0
10. 6

6.5
3.9
10. l
8.7
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Table 18,

Free amino acids in the water soluble fraction
batter of the black gram- rice blenda

Amino
acid
Aspartic acid
Threonine
Serine
Glutamic acid
Pro line
Glycine
Alanine
Cysteine
Valine
Methionine
Leucine
lsoleucine
Tyrosi ne
Phenylalanine
Lysine
Histidine
Arginine
Tryptophan

O hr

20 hr .

o

Fermentation time
20 hr . , steamed

LS
7.8
5. 4
1. 5
2, 0
l. 4
3, 5

1. 5
9. l
4. 0
3.0
5. 4
5,.6
9. 1

0. 4
5.0
L9
l. 4
3, 1
3. 2
4. 8

2, 0
9. 8
2. 3
1. 0
2. 6
2. 1
2. 3
3. 0
3. 7
l. 5

6. 5
27. 1
5.8
6, 3
7. 0
5. 5
2. 5
7. 6
7, 4
7. 8

8, 4
18. 6
3. 0
3. l
4, 3
3. 1
1. 5
5. 8
3. 7
2. 8

of th e

45 hr .
0.4
l. 7
0. 9
2. 4
3. l
4, 0
5, 8
32. 7
3. 7
8. 6
3. 5
3. 5
,. 3
3. 2
2.5
L4
0. 5
2. 6

aThe values expressed are molar percents of total contents of amino
acids (based on HCl hydrolysis) and are corrected for the enzyme
blank .

Cysteine content of soluble amino acids was negligible
20 hours, which was raised to over 30%at 45 hours .

at O and

Methionine rel ease

in the soluble pool was increased 2, 5-fold at 20 hours (Table 18).
Pepsin-pancreatin

digestion

released considerable

aromatic amino acids, arginine,

amounts of leucine,

and tryptophan (Table 19) .

portance were the release patterns

Of im-

of sulfur containing amino aci ds.

Steaming of batter favored methionine release during enzymic digestion ,
These observations were of nutritional

significance .
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Tab1e 19.

Release of free amino acids from the fermenting batter of
the black gram-rice blend during pepsin-pancreatin
digestiona

Amino
acid
Aspartic acid
Threonine
Serine
Glutamic acid
Prol ine
Glycine
Alanine
Cystei ne
Valine
Methionine
Leucine
Tsoleucine
Tyrosine
Phenylalanine
Lysine
Histidine
Arginine
Tryptophan

O hr.
2. 6
-1 , 6
0. 4
-0 . 8
-L l
1. 3

3.4
0. 5
44.7
3. 2
27. 2
29. 7
11., 5
6.5
20. 1
15, 8

Fermentation time
20 hr . , steamed
20 hr .
0, 2
5 . 13
8, 1
0. 4
1.2
0. 6
6 ..6
10. l
10.9
49. 4
15. 1
52. 8
55. 7
6.3
11. 2
21. 7
65. 9

-0 , 2
8.4
17, 4
2.2
3.4
3. 9
11. 3

13. 2
39,5
56. l
18. 9
74. 3
64. 9
18, 7
12. 5
36. 0
65. 9

45 hr .
- 0.4
-0 . 3
4. 3
5. 0
1. 7
1. 6
4. 8
12. 1
5.3
7. 6
26. 6
8, 5
29. 3
29. 2
14. 7
10. 3
24.8
27 9

aThe values expressed are percents of total contents of amino acids
(based on HCl hydrolysis).
The figures are corrected for the free
amino acids present in the batter prior to enzymic digestion
(Table 18) . The figures were also corrected for the values from
the enzyme blank ,
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DISCUSSION
Mukherjee et al . (1965) reported the prominence of Strep tococc us
faeaalis

at the beginning of fermentation and of Leucono s toc mes ente r-

oide s during the useful stage of fermentation ,

an attempt was not made to identify

the cultures .

were in close agreement with the observations

(1965).

In this inves t igation,
But the results

of Mukherjee et al .

It was evident that the organism predominant in the BGR

batter at 20 hours, L. mes ent eroi des, was contributed
Its presence in the early stages of fermentation
produce higher amount(s) of acid(s)

by black gram.

and the capaci t y to

suggested that s, f aecali s isolated

by Mukherjee et al. (1965) from BGRbatter was derived from rice .

It

was evident from the assessment of physicochemical and microbiological
changes as well as from the electrophoretic

evaluation

of protein

subunits that the microbial degradation of rice components advanced
at a faster

pace .

It seemed that the loss of rice microflora,

processing treatments
rice,

during

in the manufacture of the Uncle Ben converted

slowed down the fermentation ,

Provision of metabolites

the fermentation of rice in the BGRbatter,
the growth of L. mes ente r oid es at 20 hours.

from

thus, appeared to invigorate
Rice and black gram

complement each other, making idli fermentation

a synergistic

process

as concluded by Radhakri shnamurty et a 1. ( 1961), and our findings were
in agreement with their

conclusions ,

Weobserved an increase in soluble solids and soluble nitrogen
dur ing BGRfermentation .
f e rmentation results

These observations

were in contrast with the

reported by Steinkraus and van Veen (1971) ,
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However, our observations

were in parallel

with the findings with the

tempeh fungus (Steinkraus et al . , 1960) and the ontjob fungus (Steinkraus et al , , 1965) on the soybean substrate . Soluble sugars were
progressively

depleted after 4 hours of fermentation,

their biotransformation
The microbial activities

into peptidic,

acidic,

probably due to

and gaseous components.

during fermentation reduced the batter weights

by 1. l and 2. 5%, respectively,

after 20 and 45 hours fermentation .

The loss in batter weight and depletion of soluble sugars may partly
explain the apparent increase in the amino acid content of the
lyophilized

batter

as indicated

content may primarily originate
Bean trypsin

inhibitors

The change in amino acid

from the microbial synthesis

are proteins of small molecular weights

chymotrypsin (Kress et al . , 1968; Belew et al . ,

and often inhibit

1975; Yoshikawa et al . , 1977) .

without any effect
inhibiting

in Table 17.

Inactivation

on trypsin inhibiting

activities

of chymotrypsin inhibitor

activity

for these two enzymes either

the same moiety or they are located at distinctly

suggested that the
do not reside in
different

sites

the molecule, one of which is denatured during fermentation ,
ent locations

for the trypsin and chymotrypsin inhibiting

same inhibitor

molecule have been elucidated.

investigations

have shown that black gram trypsin

chymotrypsin inhibiting
structure

activity

(Part III),

and X-ray crystallography

the active sites

Differ-

sites

in the

Although our earlier
inhibitor

possessed

data on the primary

are necessary to conclude about

of the inhibitor .

In spite of the fact that the inhibitor

withstood physical,

chemical (with the exception of mercaptoethanol)
biological

in

treatments,

its antinutritional

(Part II), and micro-

value has to be ascertained
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with caution .
extrapolated

The inhibition

of bovine pancreatic

to human pancreatic

have the same structural

trypsin,

inhibitor

but not human pancreatic

The signif ic ance of the trypsin

1969) .

as the inhibitor

may not

complementarity with the two trypsins .

example can be cited of potato trypsin
pancreat ic trypsin,

trypsin cannot be

which inhibits

trypsin

inhibitor

An
bovine

(Feeney et al.,

in human nutrition

needs to be established .
Amino acid composition of the batter was varied with the fermentation

time.

nutritional

The effects
functionality

of the variations

on the estimates of the

are summarized in Table 20.

The proportion

of leucine was increased , but that of lysine was considerably
so as to make it the most limiting

amino acid at 45 hours .

tents of sulfur containing amino acids were increased,

reduced
The con-

and at 45 hours

were close to the World Health Organization (1973) recommendedreference levels.

Fermentation results

revealed a 60% increase in meth-

ionine content at 20 hours, which rose to over 400% at 45 hours .
(1961) reported an increase in protein efficiency

Rao

ratio from 2.28 to

2.55, which was in accordance with his observation of a 20% increase
in methionine level .

Van Veen et al . (1967) did not observe the rise

in methionine content for the first
however, noted a 7% increase after
discrepancy in results
the preparation

24 hours of fermentation.
36 hours of fermentation.

may arise from the variations

techniques .

The

in microflora and

It can be concluded from the findings

of these three groups that the rate of synthesis
triggered

They,

up as the fermentation

of methionine is

progresses.

The increase in sulfur containing amino acid was the finding of
nutritional

significance.

Over 80% of the black gram proteins were
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with caution .
extrapolated

The inhi bit ion of bovine pancreatic
t o human pancreatic

have the same structural

trypsin,

as the inhibitor

but not human pancreatic

may not
An

which inhibits

trypsin

The signif icanc e of the trypsin inhibitor

1969) .

cannot be

complementarity with the two trypsins .

example can be cited of potato trypsin inhibitor
pancreat ic trypsin,

trypsin

bovine

(Feeney et al.,

in human nutrition

needs to be established .
Amino acid composition of the batter was varied with the fermentation

time .

nutritional

The effects
functionality

of leucine was increased,

of the variations

on the estimates

are summarized in Table 20.

The proportion

but that of lysine was considerably

so as to make it the most limiting

amino acid at 45 hours .

tents of sulfur containing amino acids were increased.

of the

reduced
The con-

and at 45 hours

were close to the World Health Organization (1973) recommendedreference levels .

Fermentation results

revealed a 60% increase in meth-

ionine content at 20 hours, which rose to over 400% at 45 hours .
(1961) reported an increase in protein efficiency

Rao

ratio from 2. 28 to

2.55, which was in accordance with his observation of a 20% increase
in methionine level .

Van Veen et al . (1967) did not observe the rise

in methionine content for the first
however, noted a 7% increase after
discrepancy in results
the preparation

24 hours of fermentation.
36 hours of fermentation.

may arise from the variations

techniques ,

The

in microflora

and

It can be concluded from the findings

of these three groups that the rate of synthesis
triggered

They,

of methionine is

up as the fermentat i on progresses.

The increase in sulfur containing amino acid was the finding of
nutritional

significance.

Over 80% of the black gram proteins were

Table 20.

Nutritional evaluat ion of the batter of the bla ck gram-rice blend (based upon its amino acid
composition)

Nutritional
parameter
Limiting
amino
acidsc

Predicted
biolotcal
value
a

Black gram-rice blend fermentation
Ohr .
20 hr.
45 hr .

Black
grama

42 (Cys + Met)

43 ( Cys + Met)

7.}_(Lys)

~

73 (Leu)
80 (Thr)

94 (Thr)

84 ( Va1)

80 (Thr)

22

(Met + Cys)

86 (Thr)
94 (Cys + Met)

40

4

. b
R, ce

15

~

(Leu)

66 (Lys)
68 ( Cys + Met)

42

From Part I I.

bFrom Part IV.
cEvaluated with World Health Organization (1973) provisional
underlined values are the chemical scores .

amino acid pattern as the reference .

dPredictions of biological values of proteins were made according to the regression
by M~rup and Olesen (1976).

The

equation computed
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globulins,

the chemical score for which was O owing to the deficiency

of methionine and cysteine
biological

(Part II) .

value of bean proteins.

elevate the nutritional
elaboration

This deficiency restricts

the

Thus, fermentation seemed to

quality of the black gram-rice blend .

Further

is, however, necessary about the mechanisms involved for

the increase.

Stoichiometry of inorganic sulfur predicts

that the

formation of the amino acids should be at the cost of other sulfur
compounds. Calculations

based on the data of Klein and Kramer (1972)

indicated that the major portion of sulfur
was present as nonprotein .

in Phaseolus vulgaris

L.

The presence of a variety of compounds

has been demonstrated in sulfur metabolism of seeds and the presence
of thioethers

such as S-methylcysteine

has been noted in legumes

(Young and Maw, 1958).
An increase in methionine content as judged by HCl hydrolysis
may not mean improvement in the protein quality
is impaired .

The bioavailability

may be affected

side chain of an amino acid (Mauron, 1971).
may also be affected

by the digestibility

fluenced by the tertiary
aker, 1976).

To predict

structure

which, in turn, may be in-

of the protein

the nutritional

digestibility
ability
Splitter

(Boonvisut and Whit-

benefits

due to microbial proteolytic

The choice of pepsin-pancreatin

by tying up the

Amino acid availabi lity

the amino acids released after pepsin-pancreatin
those liberated

if its bioavailability

of the variations,
digestion as well as

activities

system for in vitro

were analyzed .

determination of

was made for its accuracy in measuring amino acid avail-

(Saunders et al . , 1973; Stahman and Woldegiorgis, 1975;
and Shipe, 1976).

The release

(mole percent) of available
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essential

amino acids from the BGRbatter due to microbial and en-

zymic hydrolysis at different
27.

stages of fermentation is shown in Fig.

Steaming of the batter had a marked effect on the liberation

essential

amino acids.

Although availability

of all essential

of

amino

acids, except threonine and tryptophan, was increased by steaming,
the increase was particularly
21 indicates

the beneficial

high for methionine and tyrosine .
effects

of optimum fermentation.

smaller proportion of lysine was liberated
hours fermentation,

from the batter after 20

and proteolytic

enzyme-resistant

teins in soybean were reported to be responsible
enlargement and growth inhibition

vulgari s L. has been reported

in rats (Liener, 1976).

the trypsin inhibitor .

BGRfermentation

Electrophoretic

patterns,

of proteins during fermentation.

fermentation

is, thus, expected to increase the proteolytic

of resistant

proteins,

content .

ratio,

resulting

in increased available

Such an increase might have been reflected

regenerating

Resistance

of Phaseolus

(Seidl et al . , 1969).

however, suggested denaturation

globula r pro-

for the pancrea tic

digestion of the globulin fractions

did not inactivate

A

which was partly compensated for by steaming .

Trypsin inhibitor

to proteolytic

Table

capacity for red blood cells,

The

hydrolysis

amino acid

in a better

higher protein efficiency

and lower fat content of liver when Rao (1961) fed idli diets

to rats.
The aforestated

data indicate

that the fermentation of rice and

black gram blend not only improves the flavor of the bland raw materials
but also increases the availability

of essential

amino acids.

observed improvement in the contents or the availability

The

of the sulfur

Fig. 27.

The release of essential amino acids from the batter (black gram-rice) at fermentat ion
times of O hour, 20 hours, 20 hours (steamed), and 45 hours. (The release is expressed
as the molar percent based on the total amino acid content and represents the combined
effect of fermentation and pepsin-pancreatin digestion.)

100
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Table 21.

Nutritional evaluation of the fermentation of the black
gram-ri ce blenda

Fermentation
time (hr . )

Scores of the li~iting
amino acids

0

15 (Thr)

29 (Cys + Met)
53 (Val)
76 (Ile)
20

62 (Thr)

7T (Val)

86 (Cys + Met)
89 (Lys)
20, steamed

51 (Thr)
80 (Val)
95 (Cys + Met)
96 (Lys)

45

9 (Thr)

79 (Val)

93 (Lys)
aBased upon the free amino acids present in the soluble portion after
enzymic digestion .
bUnderlined values re present the chemical score for the released amino
acid pattern.

containing amino acids has a tremendous nutritional
consumers.

Thus, idli provides better nutrition

easily digestible

form.

impact on the idli
in an appetizing and
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SUMMARY

Fermentation of the black gram-rice blend was investigated
the microbiological,

for

physicochemical, and biochemical changes .

fermentation was a synergistic
the two ingredients.

The

process as regards the microflora from

Total soluble solids,

soluble nitrogen,

and

soluble acids increased during fermentation,

whereas soluble sugars

were decreased .

was unaffected,

Trypsin inhibiting

activity

chymotrypsin inhibiting

activity

was progressively

fermentation processs .

The amino acid content of the batters

although

reduced during the

with fermentation time with the exception of isoleucine

increased

and cysteine .

The increase in methionine content was 60 and 420%, respectively,
20 and 45 hours fermentation .

Enzymic digestion

with pepsin and

pancreatin indicated improvement in the availability
amino acids during fermentation .
improve the nutritional
rice blend ,

at

of essential

Fermentation, thus, appeared to

quality of the proteins

in the black gram-
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CONCLUSIONS,
ENCOURAGEMENTS,
ANDINTERROGATIONS
In retrospect,
gations .

there are three major landmarks for these investi-

At each of these three stages the confusion and perplexity

prevailed until the conclusions were reached, with important findings .
The three steps included electrophoretic
probable tertiary

structure

characterization

of black gram trypsin

of proteins,

inhibitor,

and

improvement in protein quality by fermentation .
The majority of the proteins
solubilization,
strength,

the globulins

in legume seeds are globulins .

require a solution

a condition under which the proteins

Sodium dodecyl sulfate
is being extensively
of proteins .

ionic

do not electrophorese .

(SOS) in polyacrylamide gel electrophoresis
employed for characterizing

The results

dissolve proteins;

of a certain

For

subunit constitution

reveal that SOS has a good capacity to

however, dissociation

of proteins

is more complete in the PAMU(phenol-acetic
system than in the SOS system.

in their subunits

acid-mercaptoethanol-urea)

Two-dimensional gel electrophoresis,

with the PAMU
and SOS systems respectively

in the first

and second

dimensions, demonstrated an alignment of most of the protein subunits
in seeds of black gram and rice along the diagonal(s).
from the "diagonal behavior" that the mobilities

It appears

of proteins

in these

two systems are governed by the molecular size of the protein subunit.
In the PAMU
system, interference
tein dissociation

of ionic strength was reduced, pro-

was more complete, results

proteins were sharply focused .

were reproducible,

and the
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Certain salient

features

hibitor were applicable
differences

of the proposed model for trypsin

to black gram trypsin

were, however, revealed in the kinetic

to the proposed model for trypsin
either

inhibitor .

inhibitor,

The marked

details .

suggestive of

the presence of a corresponding amino acid in the scissile

profile

bond of

Though lysine appeared to be present in the scissile

bond of black gram seed trypsin
susceptible

According

chemical modification of

lysine or arginine residues reduced the activity

the inhibitor .

in-

inhibitor,

the inhibiting

also for arginine modification .

activity

The inhibiting

was

acti vi ty

at several pH values suggested the involvement of two residues

whose ionic nature might have influenced the activity .
bridge was of vital
The disulfide

importance in the retention

bond, lysine,

arginine,

features

These features

of the tertiary

activity .
residues

seemed to be involved in the
structure

seem to have contributed

of the inhibitor .

structural

active site environment of the inhibitor .
inactivated

of inhibiting

and other unidentified

(at least one of which may be histidine)
architectural

The disulf i de

stability

The inhibitor

to the

was not

when exposed to heat (ll6 °C), extremes of pH values,

protein dissociating

agents, as well as the microbial action .

kinetic

studies characterized

trypsin

inhibitor

the inhibition

as a mixture of partial

The

by black gram seed

competitive with pure non-

competitive systems as against the generally accepted mechanism of
competitive inhibition ,
The fermentation
ing nutritious
nificant

of the black gram-rice blend provided an appeal-

product~idli

.

The fermentation

demonstrated a sig-

increase in methionine content and indicated an increase in

15l

the availability

of cysteine and methionin e.

The availability

of

sulfur containing amino acids was further augmented by steaming .
These findings have a significant

nutritional

20%of the world protein supplies .
content,

impact ,

Legumes form

In spite of their high protein

legumes are not recognized as good protein sources for the

deficiency of sulfur containing amino acids .
consumed where protein malnutrition

prevails.

fermentation thus suggests a practical

Legumes are extensively
The black gram-rice

means to elevate the nutritional

status of the millions where legumes form a major constituent

of the

daily diet .
The findings of the present work have roused numerous quest i ons.
Solutions for our understanding of subunit dissociation
structure-stability

relationship

of methionine synthesis
rogations.

for

11

of proteins,

smal1 proteins,

and mechanism

11

during fermentation may lie in those inter-

A few important queries are as follows .

Is molecular size the only governing parameter for protein subunit mobility in the PAMU
system?
relationship

Is the mobility-molecular

true for the conjugated proteins?

phoretic procedures (with modifications,
cise and versatile

Can PAMU
electro-

if necessary) be more pre-

than the SOS electrophoretic

procedure?

the active site environment of the black gram trypsin
confirmed by primary structure
the tertiary

structure

potent anti-nutrients

a single disulfide

Are trypsin

for humans? Is the inhibitor

as

What is
inhibitors

"bi-headed?

11

How

protein moieties?

Howcan

bond containing protein exhibit stability

towards

11

resistant

What is

inhibitor

and X-ray crystallography?

of human trypsin(s)?

does the body metabolize such

size

11

152

physical and chemical treatments?
for methionine synthesis?
synthesis?

What are the underlying mechanisms for such

What are the relative

towards increased availability
able strains

contributions

Can this principle

of bl ack gram and rice

of amino acids in idli?

of microorganisms be made available

granule, powder, or pill)
acids?

Which microorganisms are responsible

which will synthesize
be applicable

Can the desir-

in suitable

form (like

the limiting amino

to other food systems?
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