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IJjldODUCTIQ̂ '
Section I

Proteinase inhibitors are proteins which inhibit 
proteinases by forming complexes with them,

Kunitz and Northrop (1936) crystallised the basic trypsin 
inhibitor from bovine pancreas in 1936 and showed that it was 
a protein. Trypsin inhibitors have subsequently been 
purified from animal tissues, plants and microorganisms.
Major advances have been made in the study of their structure, 
properties, kinetics and mechanisim of action. Studies on the 
inhibitors of other proteolytic enzymes have, however, been 
relatively few. Papain inhibitors have been shown to be present 
in animal tissues, plants and microorganisms, but the only ones 
to be purified are those from chicken egg white (Possum and 
Whitaker, 1968; Sen and Whitaker, 1973) and from the healing 
skin of Arthus type inflammation In rabbits (Udaka and 
H^yashi, 1965). Low molecular weight polypetide inhililtors of 
papain have been obtained from microorganisms (Umezawa, 1972). 
None of these papain inhibitors is specific for papain except 
those from egg white (Possum and Whitaker, 1968; Sen and 
Whitaker, 1973) and rabbit skin (Udaka and Hayashi, 1965)*
The occurrence of specific papain inhibitors in plants has not 
been reported*

The study of papain inhibitors of plants and especially 
of the lerume, Vlgna cat.jang, was undertaken in the present 
study. Papain inhibitors were found to occur in seeds as well

i



2
as in rapidly grooving tissue cultures of all plants which were 
investigated, whereas inhibitors of other proteolytic enzymes 
such as trypsin, chymotrypsin and suhtilisin were present only 
in some and not in all the callus cultures tested. Specific 
protein isoinhibitors, which act only on papain (and the 
related enzymes flcin and chymopapain), but not on other 
proteinases such as trjrpsin, chymotrypsin and subtilisin were 
demonstrated for the first time in a plant source (seeds of 
Vigna catjang) and were separated from each other and 
purified. The occurrence of papain inhibitors in plants and 
the purification, properties and kinetics of the isoinhibitors 
of papain from Yiprna catjang form the subject of this thesis.
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Section II
Historical

The isolation of a trypsin inhibitor from bovine 
pancreas by Kunitz and Northrop (1936) in 1936 was followed 
by the discovery of. an antiprowth factor in soybean flour by 
Ham and Sandstedt (1944) and independently by Bowman (1944). 
This was followed by reports of the inhibition of animal 
growth by other members of the Le^uminosae such as lima bean 
(Tauber, Kershaw and Wright, 1949), and lucerne (Ramirez and 
Mitchell, I960), In 1947 Kunitz (Kunitz, 1947) crystallised 
the soybean trypsin inhibitor as well as the enzyme-inhibitor 
complex. The methods of isolation and assay of the inhibitor, 
the study of the kinetics of interaction of the proteinase 
and the inhibitor and the dissociation of the complex, which 
were introduced by Kunitz, are still of importance in the study 
of these inhibitors.

This pioneering work was followed by numerous reports on 
the isolation and purification of proteinase inhibitors from 
several sources such as animal organs, sera, extracellular 
fluids, plant tissues and microorganisms. Their kinetics and 
nutritional and pharmacological effects were studied. The 
stability of several of these inhibitors to heat and acid 
facilitated their purification and many of them were isolated 
in pure form and their amino acid composition determined.
This was followed by the determination of the primary sequence 
of the bovine pancreatic trjrpsin inhibitor by Kassel,
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Radicevic, Anefield and Laskowski in 1965 and of a number of 
other trypsin inhibitors such as Kazal's inhibitor of bovine 
pancreas (Greene and 3artelt, 1969), porcine pancreas inhibitor 
(Tschesche and Wachter, 1970) and inhibitor of Ascarls 
lumbrlcoldes (Fraefel and Aoher, 1968),

The unravelling of the three dimensional structure of 
Kunitz's pancreatic trypsin inhibitor and the enzyme-inhibitor 
complex by X-ray crystallography by Huber, Kukla, RuhlTiann 
and Steigeraann (1970) and Huber, Kukla, Ruhlmann, Epp and 
Formanek (1970) was a major achievement.

A landmark in this field is the synthesis of the bovine 
pancreatic trypsin inhibitor (Kunitz) by Noda, Terada, Mitsuyasu, 
Waki, Kato and Izumiya (1971) and by Yajima and Kiso (1974).

Rapid advances have been made in the study of the 
mechanism of action of trypsin inhibitors, the identification 
of the active site, and the reversible cleavage of a peptide 
bond, atleast in some of the inhibitors (Laskowski and 
Sealock, 1971).

The physiological function of many of the inhibitors, 
especially in plants is obscure. The detection of isoinhibi
tors in a number of seeds has made this problem more intriguing. 
Several theories have been put forward about their physiolo
gical role, but none of them has gained general acceptance,
A few of the inhibitors have found clinical applications,
Trasylol (bovine parotid and lung trypsin inhibitor) has been 
used in the treatment of shock (Back, 1966; 1̂ 68-) and eeurly



pancreatitis (Thompson, 1963). The microbial leupeptin has 
been used as an anti-inflammatory agent (Uraezawa, 1972)* 
Clinical trials have proved that pepstatin, a pepsin Inhibitor 
is an effective antidote for stomach ulcers in pylorus ligated 
rats (Umezawa, 1972),

Scope of literature survey:
The wide occurrence of inhibitors of a large number of 

proteolytic enzymes has stimulated considerable interest in 
this field and the literature on this subject is vast (Reviews 
Vogel, Trautschold and Werle, 1963; Kassel, 1970; Laskowekl?}- 
Sealock, 1971; Liener and Kakade, 1969; Fritz and Tschesche, 
1970), This survey will therefore be limited to general 
aspects of inhibitors of proteimses and will deal mainly with 
papain inhibitors. The term •'proteinase inhibitor" or 
"inhibition” is used in this thesis to refer only to 
protelnaceous inhibitors of proteolytic enzjrmes, (Antlgen- 
antibody interactions and non-protein inhibitors will not be 
considered in this survey).
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Section III 

Papain

The properties of the enzyme papain (E.G.No. 3.4.4.10) 
are outlined in this section.

Papain is one of the proteoljrtic enzymes obtained from 
the latex of the tree Carica papaya. The term "papain” was 
coined by Wurtz and Bouchut (1379) in 1879 to describe the 
proteolytic enzyme from the latex. Balls and Lineweaver 
(1959) were the first to isolate the enzyme from fresh papaya 
latex. In 1954 Kimmel and Smith (Kimmel and Smith, 1954) 
successfully crystallised papain from commercially available 
dried latex.

Papain activity is only a part of the total proteolytic 
activity of the latex. Shack (1967) showed the presence of 
four distinct fractions containing proteolytic activity by 
means of carboxymethyl-sephadex chromatography. All the four 
required a thiol reagent for activation. The soluble protein 
of the latex consisted of papain activity, chymopapain activity 
and two new enzymes. One of the new enzymes was termed 
peptidase A and was purified to homogeneity. The activity of 
peptidase A was 40^ of that of papain when casein was used as 
a substrate. The optimum pH of peptidase A was between 8 and 
10 with casein as substrate, while that of papain was between 
7-8 with the same substrate. No other information is available 
on the fourth enzyme, except the fact that it is a thiol 
activated enzyme.



■He.tgrpgeflgjitY gf
papain itself consists of three types of proteins 

(Blumberg, Scheohter and Berger, 1970| Brocklehurst ajid 
Kierstan, 1973). ( 1) Active papain in ’.vhich the side chain
of cysteine 25 (active centre) is free. (2) Inactivated papain 
which can be converted to active papain by thiol reagents 
such as cysteine, reduced glutathione etc, and cyanide.
(3) Inactive papain which is non-activatable, probably due to 
the active being converted irreversibly to the sulfonic 
form. Of these papain (1) and (2) consistute 40-60^ of the 
total protein. Hence different batches of papain vary in 
their specific activities, depending on the amount of proteins 
(1) and (2).

^^ctivators!
It is? well known that papain is activated by thiol 

reagents such as cysteine, reduced glutathione and cyanide 
(Glazer and Smith, 1971; Arnon, 1970). Traces of heavy 
metals are removed by the addition of EDTA.

Ifî g.tlyajQrs;
Papain is inactivated in the presence of air. Oxidised 

papain is reactivatable by thiol (Sluyterman, 1967) agents. 
Metals such as Cd'*’, Fe"̂ ,̂ Cu'*’̂ , Hg'*'̂ , Pb"̂  ̂ inactivate papain 
(Arnon, 1970). As mentioned above, these heavy metals can be 
removed and the enzyme reactivated by the addition of a 
chelating agent such as and a thiol activator simulta
neously. £-chloromercuric benzoate forms a stable in^active 
complex with the active group of the enzyme. lodoacetic



acid and iodoacetamide also cause irrevereible inactivation, ^

Chloromethyl ketones of phenylalanine and lysine also 
bring about total loss of activity. They act on the SH group 
rather than the imidazole groups of histidine as in the case 
of trypsin and chymotrypsin (Whitaker and Perez-Villasenor, 
1968).

Ctabllitv:
The crystalline enzyme shows high stability as a sus

pension in Nad solution and can be stored at 4 ®C for several 
months without appreciable loss of activity. In solution, 
the enzyme loses 1-29̂  of its activity per day, while the 
mercuric form can be stored for months without loss of activity. 
Compared to other enzjrmes, papain ie remarkably temperature 
stable. Dried papain can be heated to 100*0 for three hours 
without loss in activity. Its stability in solution is pH 
dependent. It is stable in the neutral pH range, unstable in 
acid solution at elevated temperatures and ie rapidly 
destroyed below pH 2 at 25*0 with spectral changes (Llneweaver 
and Schwimmer, 1941).

Papain is stable to organic solvents, such as 70^ methanol, 
and 15^ dimethylsulphoxide (Barel and Glazer, 1969). It 
retains its activity in 8 M urea with no observable conforma
tional changes (Gundlach and Turba, 1965), However it is 
unstable in 6 M guanidine hydrochloride and 10^ trichloro
acetic acid (Sluyterman, 1967).

Optimum p^:
The optimum pH range for activity is from pH 6 to 8 ,

8
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depending upon the stbstrate used,

Specincltv:
Papain has a broad specificity towards proteins and small 

molecular weight substrates (Kirarael and Smith, 1957). Most 
peptide bonds are hydrolysed although the relative rates for 
different synthetic substrates vary. Peptide bonds formed by 
the carboxy groups of-^-amino lysine and arginine were found 
to be the most susceptible bonds (Hill, 1965). Thus benzoyl-L- 
arginine amide and ethyl esters were found to be the most 
sensitive substrates. Papain also shows transamidase and 
transesterase activities (Mycek and Fruton, 1957; Yu-Kun and 
Chen-Lu, 1963; Glaze r, 1966),

■iQlecular weight;

Sedimentation diffusion studies and the approach to equi
librium technique showed the molecular weight to be 20,700 
and 20,900 respectively. However recent studies indicate the 
molecular weight to be 23,000 (Drenth,̂ — t Jansonlus, Koekoek, 
Swen and Wolthers, 1963). Papain has an isoelectric point of 
8,75. The absorbance of a 1 mg/ml solution of the enzyme for 
1 cm lightpath at 280 nm is 2 ,5 .
Miflg-aglg ggwgsltlfi.n:

Papain has 212 amino acid residues and is devoid of any 
carbohydrate moiety, (Brenth, Jansonius, Koekoek, Swen and 
Wolthers, 1968). All the common amino acids are present except 
methionine. Papain is rich in arginine and lysine. The 
total number of arginine and lysine residues is more than that



Of glutamic acid and aspartic acid residues and hence the 
isoelectric point is at pH 8 ,75. The amino acid sequence of 
papain has been determined by a number of workers (Light, 
Frater, Kimmel and Smith, 1964; Mitchel, Chaiken and Smith, 
1970). The N terminal amino acid sequence was found to be 
Ile-Pro-Glx,, while the C terminal was established as -Lys-Asn 
COOH, Later X-ray structure studies on papain (Drenth, 
Jansonius, Koekoek, Swen and Wolthers, 1968) confirmed the 
amino acid sequence and structure of papain. Bisulfide bonds 
were found to be present between Cys 22 and Cys 63, Cys 56 and 
Cys 95 and Cys 155 and Cys 200,

Three d.imensional structure of papain:
The molecule is ellipsoidal in structure with the

O
dimensione 50 x 37 x 37 A. The hydrophillic moities are at the 
surface, while the hydrophobic groups are oriented inwards 
(Drenth, Jansonius, Koekoek, Swen and Wolthers, 1968).

ActiYg., cepttgt
Papain is binuclear. There are two hydrophobic cores, 

with a groove at the top. The reaction between the enz3rme 
and the substrate occurs in this groove. Cysteine 25 is the 
free Sri group at the active centre. As stated earlier, 
reaction of this sulfhydryl group by an alkylating reagent

*

or a heavy metal or disulfide formation or oxidation to the 
sulfonic group renders the enzyme inactive. Reactivation of 
Cys 25 is essential for enzyme activity. An Imidazole ring 
of histidine 159 is in close proximity and is postulated to 
be Involved in catalytic action.

TO
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Section IV
Distribution of proteinase Inhlbltora

Proteinase Inhibitors have been Isolated from a variety 
of tissues. The frequent presence of Isolnhlbltors in the 
same tissue offers considerable difficulty in arriving at a 
suitable nomenclature. Steiner and Frattall (1969) proposed 
a nomenclature based on the active centre of the inhibitor 
e.g. the trypsin inhibitors can be clasElfied as arginine or 
lysine inhibitors depending on the particular amino acid 
present at the active centre. The above suggestion would no 
doubt lead to a more systematic classification, but it is at 
present premature, since the reactive sites of a number of 
inhibitors have yet to be determined. In this thesis the 
inhibitors will be classified on the basis of enzyme activity 
which is inhibited e.g. trypsin inhibitors, chymotrypsin 
inhibitors, subtilisin and papain inhibitors, Most of the work 
till now nas been on the above inhibitors from various sources 
such as animal tissues, plants and microorganisms. The 
literature on the above inhibitors is extensive and has been 
surveyed in several reviews and books (Vogel, Trautschold and 
'fferle t  1968; Kassel, 1970; Fritz and Tschesche, 1970; 
Laskowskl and Sealock, 1971; Liener and Kakade, 1969;
Weyer, 1968), Only the literature on papain inhibitors will 
be dealt with in detail in this section while only some aspects 
of the literature on other inhibitors will be reviewed.
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PLiii<Tb;
Trmsln Inhibitors:

Seeds of the Leeruminosae family such as poyhean, (Kunltz, 
1947; 3irk, 1961; Rackis, Sasarae, ‘Tann, Anderson and Ernith, 
1962; Yamamoto and Ikenaka, 1967), and lima bean (Jones, '■Toore 
and Stein, 1963; Haynes and leeney, 1967) are rich in trypsin 
Inhlbitore. Sohonie and 3handarkar (1955) have ehown trypsin 
inhibitors to be present in a wide wariety of seed tissues. 
Seeds of 20 species were screened for trypsin I'hibitor 
activities and for inhibitors of chjmotrypsin and subtilieln 
(Sumathi and PattabiraTian, 1976). Trypsin inhibitor activity 
was found to be widely distributed. The trypsin inhibitors 
are not restricted to the dicotyledons. Monocotyledonous 
plants such as wheat (Shyamala and Lyman, 1964), barley 
(Burner and Siegelmann, 1966) and corn (Hochstraseer, Muss 
and Werle, 1967) also contain trypsin Inhibitors, They have 
been detected In tubers such as potato (Honavar and Tohonle, 
1955), beet (Vogel et 1963) etc. Sumethi and Pattablraman
(1975) have shown the presence of trypsin Inhibitors in a 
wide variety of tubers. Colocasia was found to have the 
hif̂ hest anti-trypsin activity. Extensive physio-chemical 
work has been carried out on purified trypsin inhibitors, 
Chvmotrrpsin inhibitors;

A chymotrypsin trypsin inhibitor from potato has been 
isolated in pure form and studied extensively (Ryan and Balls, 
1962; Balls and Ryan, 1963; Ryan and Kassel, 1970; Melville 
and Ryan, 1972). It also inhibits subtllisin, pronase (partly).
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Icallikrein and trypsin. The trypsin inhibitors from other 
sources also Inhibit chyinotrypsln, A small dlalyEable inhibitor 
having a molecular weight of 3 0 0 0 -4 0 0 0 has been isolated from 
potato (Rancour and Ryan, 1968), It inhibits o<-chymotryp8in 
but is not specific since it also inhibits an endog-enous 
bradykinin inactivating carboxypeptidase of potato (Ryan, 1973), 
Recent investigations by Belitz, Kaiser and Santarius (1971) 
indicate the presence of as many as thirteen isoinhibitors in 
potato which inhibit trypsin and chjrmotrypsin.

No specific subtilisin inhibitor of plants was known until 
recently. Three isoinhibitors specific for subtilisin were 
isolated from Vigna cat.jang (Vartak, 1975), and one from barley

Ok(Yoshikawa, Iwaî ki, Fv^ii and Oogaki, 1976). The subtilisin 
inhibitors from Vlgna cat.jang have molecular weights ranging 
from 1 0 ,0 0 0 to 11,700, whereas the one from barley has a 
molecular weight of 20,000, A non-specific inhibitor has been 
reported to occur In potatoes (Balls and Ryan, 1963) and in 
barley (Mikola and Suolinna, 1971),
Isoinhibitors:

A number of reports deal with the presence of isoinhibitors 
in plant tissues. Soybean, lima bean and potato have been 
found to contain a number of isoinhibitors of trjrpsin and 
chymotrypsin, A family of chromatographycally distinct 
polypeptide inhibitors of bromelain has recently been isolated 
(Reddy, Keim, Heinrikson and Kezdy, 197*5), The isoinhibitors 
were found to have a molecular weight of about 3»600* They
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contain 50 amino acids each, and five disulfide bridges. The 
inhibitor was also found to contain a carbohydrate moiety, 
possibly attached to a threonine residue. Isoinhibitors may 
arise by the action of proteolytic enzymes or deamidation or 
amidation during seed formation or during isolation and may 
therefore be artifacts (Reddy 1975). However the
occurrence of isoinhibitors even in tissue extracts prepared 
with trichloroacetic acid (Warsy, Norton and Stein, 1974), 
perchloric acid (Jones, Moore and ?tein, 1963), diisopropyl- 
phosphofluoridate (Pubols, Barteit and Green, 1974) and other 
reagents which inactivate proteolytic enzymes suggests the 
probability of isoinhibitors occurring naturally in plants.

Localisation;
In soybean the trypsin inhibitor was found to be concen

trated in the cotyledons (Rackis and Anderson, 1964). In the 
case of cereals such as barley, wheat and rye (Mikolo+Kirsi,
1 9 7 2) etc. the endosperm was found to be rich in trypsin 
inhibitors. The embryo of wheat, barley and rye also showed 
inhibitor activity. In the case of tubers such as potato, 
the inhibitor was found to be concentrated in the cortex of the 
tubers (Ryan, Huisman,^Vandenburgh, 1968).
Inhibitors of Animal Orig.i.D - Trvpsln and chymotr.YEfiln Inhlbltsrst

The presence of proteinase inhibitors in animal tissues 
was first established as early as the end of the last century. 
These substances were termed as anti-enzymes. The inhibitors 
were found in exudates such as serum (Bundy and Mehl, 1959; 
Schwick, Heimburger and Haupt, 1966)̂  pancreatic secretions



(Kazal, Spicer and Brahinsky, 1948)?colostrum (Laskowski, 
Kassell and Hagerty, 1957) and urine (Astrup and Nissen, 1964). 
The pancreatic secretory inhibitor (also known as Kazal's 
inhibitor) was found in most of the animals tested. The bovine 
trypsin kallikrein inhibitor crystallised from pancreas by 
Kunitz and Northrop in 1936 was found to be distributed In 
tissues such as lung, parotid glands, lymph nodes, spleen and 
liver. Similar inhibitors are found in goat and pig but not 
in other mammals (Kassel, 1970). Proteinase inhibitors have 
been reported in nematodes (Peanasky and Ghaleb, 1970)and 
eggs of certain birds such as chicken, turkey, duck and quail 
(Rhodes, Bennett and Peeney, I960). Most of the above 
inhibitors are mainly trypsin inhibitors. However most of 
them also inhibit chymotrypsin and kallikrein.

The trypsin and chymotr3T5sin inhibitors of chicken egg 
white also inhibit subtilisin. (Liu, Means and Feeney, 1971).
No specific subtilisin inhibitor has been reported to be 
present in animal tissues.

t3p̂ yg.£ B tlijafi ei.nh 11? 41 o,r:
An endogenous carboxypeptidase inhibitor was isolated 

from goat pancreas by Bua, Bedi and Dixit (1975). The 
inhibitor was obtained in the dialysate by dialysis of the 
pancreatic extract at pH 5 against citrate buffer.

Inhibitors of microbes;
During the last decade proteinase inhibitors have been

15



shown to be present in microorganisms. The most widely- 
studied proteolytic inhibitors of microbial origin are the 
ones from Streptoaycee strains (Umezawa, 1972). Extensive 
work on these interesting polypeptides has been carried out by 
Umezawa £t (1972), Leupeptln inhibits trypsin, papain and
(very weakly) plasmin. Ghymostatin inhibits chymotrypsin, but 
has only weak activity with papain and none with trypsin, 
Pepstatin inhibits pepsin and cathepsin D, They are very low 
molecular weight polypeptide inhibitors.

A specific subtilisin inhibitor from Streptomyces 
albofriseolus S-3253 has been purified. It has a molecular 
weight of 2 7 , 0 0 0 and does not act on trypsin and chymotrypsin. 
(Murao and Sato, 1972; Sato and Murao, 1973; 1974).

£ a cc  1:1^0 my gee, ce rg y -ifllfte :

Lenney, Maitle, Wiemken, Schellenberg and Meyer (1974) have 
shown the presence of three different proteinases and their 
corresponding inhibitors in Saccharomyces cerevisiae. The two

me
protein^inhibitors A and B have been now partially purified 
and characterized. The A and B inhibitors were found to be 
thermostable. The proteinase inhibitor A has a molecular 
weight of 22,000. It could be dissociated into two chains, 
each having a molecular weight of 11,000. Proteinases B and C 
were found to be serine proteinases, whereas proteinase A was 
shown to be an acid proteinase (lenney, 1975). There are very 
few reports in the literature of different proteinases and 
specific inhibitors of these proteinases occurring in the same

16
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tissue. This work on the yeast enzymes and inhibitorp, 
represents an Important advance in the characterization of 
proteinase inhibitors and further work may throw light on 
their metabolic role in yeast*

ZrQ igliiftse If lh lb lto x s  Y ign^:

Since this work deals with the papain inhibitors of 
Yi^na catJang the occurrence of other proteinase inhibitors 
in this source will be briefly described, A protein inhibitor 
was purified from Vip;na sinensis by Yentura and Filho (1966), 
The inhibitor was found to be more active against chymotrypsin, 
than trypsin. The molecular weight was found to be 17,000 by 
sedimentation equilibrium studies. However in a recent report 
by Ventura, Filho, ?jJorelra, Aquino and Pinheiro (1971) the 
molecular weight was corrected to 10,000. The inhibitor 
contains 2^ tryptophan but no methionine. Practionation of 
the crude extract on sephadex revealed four different fractions 
having trypsin inhibiting activity and with molecular weights 
of 11,000 to 21,000 (Filho, 1973).

The trjrpsin inhibiting activity of the cotyledons was 
found to decrease during germination (to 5^ of the value of 
the dry seeds). The disappearance of the activity was found 
to be controlled by the axial parts of the plant, A weak 
inhibition of an endogenous proteinase by the crude extract 
was reported. iVhen this work was nearing completion Gennis 
and Cantor (1976) reported the purification of two new 
Inhibitors of an endogenous proteinase from Vigna sinensis 
(trypsin and chymotrypsin inhibitors). They have also
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studied the structure and formation of the trypsin and chymo- 
trypsin inhibitor complexes.

Royer, Miege, Grange, Miege and Mascherpa (1974) have in 
a recent report demonstrated the presence of five trypsin 
inhibitors in the cotyledon extract of Vigna unguiculata (from 
Zaire), strain H.81. It was found that trypsin Inhibitors have 
a partial activity towards an endogenous proteinase. The 
prepence of an inhibitor-enzyme complex is postulated. Sbihonie 
and Bhandarkar (1955) reported the presence of two trypsin 
inhibitors in Vigna cat.lang, but their purification was not 
carried out. Earlier work from this laboratory showed that 
extracts of Vigna catjang seeds contained a large number of 
proteins, which inhibit trypsin, chymotrypsln, subtllisln and 
papain. They were separated from each other and two trypsin 
inhibitors, three specific subtlllsln and two papain inhibitors 
were purified to homogeneity. The properties and kinetics of 
some of them were studied in detail (Vartak, 1975). Their 
properties will be discussed in later sections. The characteri
zation of such a large number of specific inhibitors of 
different proteinases from a single plant source is of 
considerable Interest.

Papain inhibitors:
Proteinase inhibitors of papain have been detected in 

plants, microorganiems and animal tispues. The only inhibitors 
specific for papain, which have been purified, are those from 
two animal sources chicken egg white and from the healing skin



of Arthus type lnflam:?iation in rabbits. Papain Inhibitors of 
Actinomyoetes are small peptides and are non-specific in nature. 
Antipapain factors have been detected in a few plant tissues, 
but have not been purified and their specificity is not known. 
The papain inhibitors described below will be classified into 
non-specific inhibitors and those specific for papain and 
ficin, which are closely related -SH activated plant enz3mies.

bJr.c.CIJ;'IC IxmHIBITOAS;
Egp white;

A protein inhibitor of ficin and paDain was purified from 
chicken egg white by Fossum and Whitaker (1963) and by Sen and 
Whitaker (1973). It inhibited bromelain feebly. The 
purification and properties will be discussed later.

typ e ■cabl?it8 t

A papain inhibitor from the site of healing Arthus type 
inflammation of the skin in rabbits was purified by Hayashi 
and Udaka (1965). The properties and purification will be dealt 
with in a later section.

Plants;
No specific papain inhibitor has been isolated and 

purified, except for a potato inhibitor (unpublished work 
Huff, 1972) and the two inhibitors purified in this laboratory 
by Vartak (1975). However inhibitors from plant sources which 
inhibit other enzymes such as trypsin, chymotrypsln, subtlllsin 
have been reported. They will be discussed below,

Non specific papain inhibitors;
Learmonth (1951; 1958) was the first to report the presence
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of an antipapain factor in soybean flour extract, while 
studying: its influence on bread doughs. He showed the factor 
to be concentrated almost entirely in the germ. The factor 
was also reported to be present in haricot beans and broad beans. 
However the results were not conclusive since the activities 
were low and the inhibition could have been due to non-protein 
factors,

Sadoeva (1973) reported the presence of an antipapain 
factor in soybean meal and extract. The factor was found to 
be heat stable and was different from the therniolabile 
fractions which inhibited trypsin and chymotrypsin.

When the present work was nearing completion, isoinhibitors 
of bromelain from commercial stem bromelain were described by 
Perlstein and Kezdy (1973). However the isoinhlbltors were non
specific and inhibited trypsin, chyinotrypsin and papain. The 
molecular weights ranged from 5000 to 6000.

Broad bean:
Two Isoinhlbitors having a broad epecificity for trjrpsin, 

chymotrypsin, papain, pronase and thrombin have been purified 
recently (Warsy, Norton and Stein, 1974). The broad bean 
trypsin inhibitor also inhibits papain and chymotrypsin 
(Sohonie, Huprlkar and Joshi, 1959).

A papain inhibitor was reported to be present in wheat 
flour (Hites, Eandstedt and Schaumburg, 1951).
Animal Bource - Inhibitor from the mucous membrane, of the 
respiratory passages;

An Inhibitor was detected In the mucous membrane of the
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respiratory passages and in their secretions in humane and 
other mammals by Haendle, Trautschold, Vogel and Terle (cited in 
Vogel et aj. 1963). It was found to be active against 
plasmin, pronase and papain, though not as effective as against 
chymotrypsin.

Inhibitor from seminal vesicles and aemen of manamals!
An organ specific and sex specific proteinase inhibitor 

in the vesicular glands and semen of all mammals examined so 
far has been reported by Haendle, Trautschold, Fritz and 
Werle (1965). Though essentially a trypsin inhibitor it also 
inhibits plasmin, papain and bacterial proteinase from 
Streptomyces grlseus. Kallikrein and ch3rmotrypsin are however 
not inhibited (cited from Vogel et al., 1968).

Serum;
A papain inhibitor has been detected in the sera of many 

species (Grob, 1949).
A trypsin inhibitor from the submandibular glands of dogs 

inhibits chymotrypsln and papain (Trautschold, 1965).
Skim

An antipapain factor has been shown in rabbit skin 
( .fartin and Axelrod, 1953),
Micro~organisms t

Antipatn ' is a small peptide produced by a few species 
of Streptomyces. It was detected in the culture filtrates 
of Streptomyces michlganenels. JSkosuMJaenslfi
and F.treT̂ tonvceR vlolascena. The following structure was 
given by Umezawa.
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Both antipain and leupeptin have arginine residues. 
Both inhibit papain and tr;fpsin, but antipain is a weaker 
inhibitor of plasrain than leupeptin.
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Section V

Papain activity may be measured either by determining the 
rate of digestion of proteins or by followinf̂  the rate of 
hydrolysis of small molecular weight synthetic subetrates.
Since in its native state papain shows very low activity, all 
assays are carried out in the presence of activators such as 
cysteine and iiDTA, Inhibitor activity is measured by the 
decrease in papain activity caused by the inhibitor.

Determination of proteolytic activity;
This method consists of measuring the formation of small 

molecular weight trichloroacetic acid soluble digestion 
products of the protein. Casein is generally used as the 
substrate* Hemoglobin is used for acidic pH ranges at which 
casein is insoluble. Other proteins such as bovine serum 
albumin, which can be obtained in pure form, can also be used 
as substrates. The reaction is stopped by the addition of a 
specified concentration of trichloroacetic acid and the 
reaction mixture filtered after 30 minutes. The free amino 
acids and small peptides in the filtrate are measured either 
by determining the absorbance at 280 nm (due mainly to tyrosine 
and tryptophan and their peptides) (Kunltz, 1947) or by the 
well known method of Polin-Ciocalteau (J\nson, 193B) or by the 
ninhydrin method (Moore and Stein, 194B),

Use of synthetic si3bgtrate.e;
The use of simple synthetic substrates for the assay of 

proteolytic enzymes was introduced by Bergraann (1942) in 194?*
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Generally the esters or amides of araino acids are used. Papain 
hydrolyses peptides, amides and esters, especially bonds 
involving arginine lysine, leucine and glycine.

Assay of esterase activity;
The method is based on the assay of the free carboxyl 

group or the liberated alcohol. Vsi'hen 3A1.E (benzoyl-L-arginine 
ethyl ester) is used as the substrate, the liberated carboxyl 
groups are titrated against a standard base (Smith and Parker, 
1958; Blumberg, Schechter and Berger, 1970).

When BiiivJs is hydrolysed to benzoyl arginine and ethyl 
alcohol there is an increase in absorbance which is maximum 
at 253 nm. This forms the basis for the spectrophotometric 
assay when Biijbii ie used as the substrate. However the 
substrate also absorbs strongly at 253 nm; hence the titri- 
metric method is preferred. When CIUP (£-nitrophenyl 
carbobenzoxy tyrosine) is used as a substrate, the liberated 
£-nitrophenol is measured spectrophotometrically at 410 nm.
The substrate has no absorption at 410 nm (Bender, Begue- 
canton, Blakely, Brubacher, Feder, Gunter, Kezdy, Killheffer, 
Marshall, Miller, Roeske and Stoops, 1966),

■Assay of amidase activity:
The amide substrates are cleaved to give carboxyl groups 

and the corresponding amine. Hhen benzoyl-L-arginine amide 
(BAA) ie used as the substrate, the free carboxylic groups 
released are estimated by titration in the presence of ethanol 
(Smith and Parker, 1953), The free amine is estimated 
spectrophotometrically at 410 nm, when benzoyl-DL-arginine
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£-nltroanilide is used as the substrate. The substrate does 
not show any absorption at 410 nm, (Arnon, R,, 1965).

Unite;
No generally accepted convention exists for expressing 

proteolytic inhibitor activity, Vogel has suggested that one 
international inhibitor unit (lU) may be defined as ♦’the 
quantity of inhibitor which completely inhibits the activity 
of one international unit of proteolytic activity” i.e. which 
catalyses the conversion of one micromole of the substrate per 
minute under standard conditions (Vogel 1968), This
definition is applicable only to synthetic substrates. If a 
high molecular weight substrate such as casein or hemoglobin 
is used, the definition given by Kunitz is used (Kunitz, 1947),

It is the quantity of inhibitor that causes a decrease in 
absorbance of 1 , 0 per minute at 290 nm for 1 cm light path, 
during the cleavage of a natural substrate, in the trichloro
acetic acid filtrate, when the reaction is carried out un^er 
specified condition of pH, temperature etc. (Kunitz, 1947).
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Section VI 
Purification

Conventional techniques for protein purification such as 
atnnonlum sulfate fractionation, precipitation with organic 
solvents, deprotelnlzlng reagente, ion-exchange res?ln chroma
tography, exclusion chromatography etc. are generally usea. 
However, because of the stability of these inhibitors to 
denaturing conditions such as high temperature and acidity, 
drastic conditions can be employed for the purification of these 
proteins. Kunitz used boiling trichloroacetic acid solution 
for the extraction of the pancreatic inhibitor and denaturation 
of most of the other proteinp. This treatment was also used to 
isolate the inhibitor from the complex with the enzyme (Kunitz 
and Northrup, 1956), Similar procedures have been adopted by 
other workers to separate and purify the inhibitors. When the 
enzyme-lnhlbltor complex is sufficiently stable, the complex ~ 
can be separated by exclusion chromatography and lowering the 
pH causes denaturation of the enzyme and facilitates the 
separation of the inhibitor. 6 M guanidine hydrochloride was 
used to denature trypsin and release the soybean inhibitor from 
the complex after exclusion chromatography (Sealock and 
Laskowski, 1969).

An attractive method for the purification of the inhibitor 
is affinity chromatography. The enzyme is bound to an 
insoluble support and the Insolubilised enzyme is used for 
binding the inhibitor, A resin which is used for binding the 
inhibitor is the polyanionic trypsin resin introduced by 
Levin, Pecht, Goldstein and Katchalskl (1964). They used the



malelc anhydride ethylene copolymer ae the support and 1 ,6- 
diamlnohexane as the crosslinkln^ reagent. The resin was used 
to isolate the Kazal type of inhibitors from human (Fritz, 
Huller, Wiedemann and Werle, 1967) porcine, canine and bovine 
pancreas (Fritz, Schult, Neudecker and Werle, 1966) and from 
seminal vesicles of mice (Fritz, Huller et al_., 1967). For 
inhibitors with isoelectric point below pH 5, which were not 
bound to the resin due to interference by free carboxylates 
on the resin, a modified resin in which the carboxylates of 
the resin were blocked by N-N dimethyl ethylene diamine was 
used (Fritz, Gebhardt, Fink, Schramm and Terle, 1969). The 
new resin was used to purify inhibitors from wheat, rye 
(Hochstrasser and Werle, 1969), potatoes (Hochstrasser, Werle, 
Siegelmann and Schwarz, 1969) and peanuts (Hochstrasser, 
Illchmann and Werle, 1969). Chymotrypsin-Sepharose and trypsin- 
Sepharose were used respectively for the purification of 
chicken ovoinhibitors (Fienstein, 1971). The complex is 
dissociated with 0.2 M KCl or by urea solution at pH 2. In 
some cases the method has the advantage that the resin-linked 
enzyme can be reused several times.

However, modification of the inhibitor on the insoluble 
enzyme resin may also take place. Hochstrasser, Muss and 
Werle (1967) and Hochstrasser, Illchman and Werle (1969) 
obtained a mixture of modified inhibitors and native inhibitor 
while purifying trypsin inhibitors from maize ex+ract, wheat and 
rye germs.

28
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Chicken ee: > white; (Possum and %itaker, 1968; Sen and Whitaker, 
(1973).

Purification of the egg white inhibitor wae carried out 
by conventional purification techniques. The initial step 
consisted of the removal of ovomucin and some other proteins 
by addin̂ r sodium chloride. This was followed by 50?C ammonium 
sulfate precipitation, Sephadex-G-75 chromntopraphy and CM- 
cellulose chromatography, which yielded a fraction with a 
specific activity of 3 . 2 2 unlts/mg of protein (1100-ffold 
purification). The C,d-cellulose fractions were found to be 
unstable to lyophllisation in dilute solutions. The yield 
was about 7% of the Initial inhibitor. The preparation was 
not homogeneous on diec-electrophoreeis. Sen and Whitaker 
(1973) Improved the purification procedure and obtained an 
electrophoretically pure material. Concentration of the 
material was carrifd out by ultrafiltration. A linear gradient 
pH elution on a Ciji-cellulose column was carried out, which 
gave a homoegeneoue material. The final specific activity 
was 5 . 3 unlts/mg of protein where a unit was equivalent to the 
Inhibition of 10 pg of flcin according to Kunitz’s caselnolytlc 
method of assay. The inhibitor was purified 2130-fold.

The purification of the Inhibitor by affinity chromato
graphy was attempted by Sen and Whitaker using flcin bound to 
Ciai-cenulose. 3ut none of the methods used to dissociate the 
complex such as treatment with 9 M urea at pH 3 , 20  ̂glycerol 
or with tetrathionate were successful.



lurlilcatlon ol' a panaln inhibitor from the healln/̂  ekin of 
Artnug type Inflammation In rabbi tF ; f lid aka ’Tayaghi, 1965) 

The inhibitor was Isolated from acetone pretreated skin. 
The acetone powder extract was fractionated with ammonium 
sulfate and then by chromatography on Fephadex G-50 and Dî AE- 
cellulose. Concentration was carried out using 20^ polyvinyl 
pyrrolidone. The specific activity of the purified material 
was 1700 units/mg of protein using the caseinolytic assay.
The preparation was homogeneous on paper electrophoresis. The 
yield was about 1$ of the initial activity. The inhibitor was 
purified 212 fold.



31
Section VII

Stability:
The most remarkable property of thie clase of proteine 

Is their stability to the usual denaturing agents. Several 
inhibitors e.g. Kunitz’s (Kunitz and Northrop, 1936) and 
Kazal's pancreatic inhibitors, (Laskowski and ’̂ru, 1953), 
bovine and porcine colostrum inhibitors (Laskowski and 
Laskowski, 1951; Laskowski, Kassel and Hagerty, 1957) and 
the various bean inhibitors (Vogel £t al,, 19 6 8) retain their 
activity even after exposure for several minutes to 2-3?̂ 
trichloroacetic acid at elevated temperatures (95®C). Kunitz’s 
soybean trypsin inhibitor (Kunitz, 1947) and serum inhibitors 
are exceptions (Laskowski and Sealock, 1971)* They are heat 
and acid labile. Kazal’s pancreatic inhibitor and Bowman 
Birk's inhibitor from soybean are unaffected by 90^ ethanol, 
Uany of the above inhibitors are stable to denaturation by urea 
at neutral pH and room tempera+ure. With a few exceptions, 
these proteins are unique in their stability and possess a 
rigid structure. Laskowski sugj?ests that the instability of 
serum inhibitors may be due to the lack of cystine residues.
The cross linkage by numerous cystine residues contributes to 
the rigidity of the molecule. The labile nature of Kunitz’s 
soybean trypsin inhibitor (Kunitz, 1947) may arise from the 
fact that it contains only 4 half-cystine residues in 143 amino 
acid residues. In contrast other stable inhibitors contain a 
higher percentage of cystine moieties, Most of them contain 
9-15% half cystine. The lima bean inhibitor component 2 and
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the 3oviTnan-Birk inhibitor from soybean (Frattali, 1969; Jones, 
Moore and Stein, 1963) contain 14 half-cystine residues. 
Bromelain inhibitors were also found to have a high half
cystine residue content ranging from 8-9 in about 52 amino 
acid residues (Reddy £tal., 1975). However unpublished work 
from this laboratory has shown that heat and acid stable 
subtilisin inhibitor from Vlgna cat jang has only one mole of 
half-cystine per mole of inhibitor and a low proline content. 
The stability of these inhibitors may be due to factors other 
than disulfide crosslinking (Vartak, 1975).

Most of the inhibitors are relatively stable to degra
dation by proteolytic enzymes. The polyvalent bovine pro
teinase inhibitors are resistant to pepsin digestion (Vogel 
£t al., 1963), The 9o’wnan-Birk inhibitor from soybean is also 
stable to pepsin action (Yogel, et £l., 1968), On the 
contrary Kunitz’s soybean trypsin inhibitor is readily 
attacked by pepsin (Kunitz, 1947). However as in the case 
of other denatured proteins, denatured inhibitors are readily 
acted upon by proteolytic enzymes. It has been suggested 
(Laskowski and Sealock, 1971) that the secondary structure is 
responsible for this stability.

Molecular weight;
The molecular weights of proteinase inhibitors usually 

range from 6P00 to 60,000, most being around 20,000. The 
serum inhibitors are of high molecular weight. The plant 
inhibitors have usually molecular weights of 6 , 0 0 0 to 2 0,0 0 0, 
However the isoinhibitors active against carboxypeptidase 
from potato have mo "Secular weights ranging from 3»000 to



4,000 (Rancour and Ryan, 1968), They are dialyzable poly
peptides, Inhibitors of the Streptomyces species are of very 
low molecular weight (500-1200) (Umezawa, 1972),

^^lnQ„acld composition!
The amino acid composition of several inhibitors has been 

determined. The common occurrence of cystine residues in 
inhibitors has already been discussed earlier. Another feature 
common to the inhibitors is the presence of numerous prolyl 
moieties in the molecule, especially near the active centre.
It has been suggested that prolyl residues (Laskowskl and 
Sealock, 1971) also add to the rigidity of the molecule.

The similarity of the properties of several inhibitors 
suggests the presence of a similar conformational structure, 
which accounts for the stability of the molecule, Jlrgensons 
Ikenaka and Gorgurakl (I960) compared the optical rotatory 
dispersion spectra in the visible spectrum of four lima bean 
fractions, Kunltz's soybean inhibitor and chicken ovomucoid 
inhibitor. The results showed that the latter two are quite 
distinct from the former. The optical rotatory dispersion 
spectra (visible and ultraviolet) of the 1 ,9S inhibitor £rom 
soybean and the above inhibitors were compared by Ikeda, 
Hamaguchl, Yamamoto and Ikenaka (1968), The inhibitors were 
found to differ from each other, both quantitatively and 
qualitatively.

However the trypsin inhibitors have been found to contain 
similar reactive sites. The details of the reactive site will 
be discussed in a later section.
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Garbohvdrate contept;
The serum trypsin Inhibitors are known to contain varying 

amounts of carbohydrate groups 10-20^. The Inhibitors from egg 
white, other than the papain inhibitor, also have carbohydrate 
moieties. However the only report of a plant proteinase inhibitor 
having a carbohydrate group is that of the bromelain inhibitor 
from pineapple stem (Reddy ^  , 1975).
Inhibitor CQnB±ant_Kĵ (Association or DisaDclation ;

Kinetics;
The dissociation constant (Kĵ ) is a quantitative expression 

to denote the affinity of an inhibitor for an enzyme. It is 
given by the equation ̂̂  ̂ where E, I and El represent
enzyme, inhibitor and enzyme-inhibitor complex respectively.
The complex is generally found to be labile with decreasing 
pH, until dissociation is practically complete below pH 3 
(Steiner, 1954). The dissociation constants of many of the 
inhibitors have been determined. Most of the complexes have 
a dissociation constant around 10*^ to 10 whereas enzyme
substrate complexes generally have much higher dissociation 
constants.
Stoicheiometric ratio;

This designates the number of molecules of the enzyme 
combining with a molecule of the inhibitor. The molar combining 
ratio for trypsin and the lima bean inhibitor, was found to be 
1:1 (Ryan, Clary and Tominatsu, 1965). The ratio was the same 
for the egg white ovomucoid inhibitors and trypsin. However it 
has been shown that in addition to the 1 : 1  complex 1 mole of
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the al3ove inhibitor can also combine with two moles of trypsin,
—9The 1:1 complex (K^ = 5.8 x 10 M) was found to be more stable 

than the 1:2 complex = 2,5 x 10“ ?̂f) (Vogel £t al,, 1963),

Trypsin derivatives such as poljrfcyrosyl trypsin and poly 
DL alanyl trypsin also combine with the inhibitors. The 
combining ratio of Sbl-poly-DL-alanyl trypsin was found to be 
2 i1 while with serum trypsin inhibitors it was shown to be 
1:1, Thus the tyrosyl and alanyl residues offer no steric- 
hindrance to inhibition (Epstein,Anfinsen and Sela, 1962).

gp .ec llic lty, enzYBge, apg svibstr..^t.£^t

Most inhibitors combine with more than one enzyme. They 
generally react with closely related enzymes. Such inhibitors 
are designated as polyvalent or broad spectrum inhibitors.
Most trypsin inhibitors act on chymotrypsin and vice versa.
The potato inhibitor type I inhibits, trypsin, ch3rmotrypsin, 
subtilisin, kallikrein and pronase. The inhibitor from barley 
inhibits chymotrypsin, subtilisin and an alkaline proteinase 

A.oryzae, S. /?riseue, and Alternaria tenuisslma (Mikola 
and Suolinna, 1971). The subtilisin inhibitors from Vif̂ na 
catjang are specific for subtilisin. They do not bind trypsin 
and chymotrypsin (Vartak, 1975). It has been shown that when 
an inhibitor acts on two enzjrmeB, such as trypsin and chymo
trypsin, the inhibitory sites are usually distinct. Examples 
are the lima bean inhibitor (Ryan and Clary, 1964)f turkey 
and duck ovomucoid (Rhodes £t ^ . » I960) and Vigna sinensis 
inhibitor (Ventura and Filho, 1966). These inhibitors were 
termed "double headed” (Rhodes et al., I960). The Kunitz



■bovine pancreatic trypsin inhibitor was found to be an 
exception. The same reactive site was Involved in the 
inhibition of both trypsin and chymotrypsin (V/u and Laskowski, ‘ 
1955; Kraut and Shargava, 1967). Another example is the 
papain inhibitor from chicken egg white which binds both papain 
and ficin at the same reactive site of the inhibitor. The 
papain inhibitors from VI^na cat.jang were also shown to bind 
ficin and papain at the same reactive site of the Inhibitor 
(Vartak, 1975).

fipgsincUy:
The polyvalent inhibitor from the potato (type I) was 

found to inhibit trypsin only when casein was used as the 
substrate. No inhibition was observed when a synthetic 
ester substrate was used. It is devoid of esterolytic 
inhibitory activity (Ryan, 1966), In another instance 
(barley grain inhibitor) amidase activity is inhibited 
predorainatly. The inhibitor showed five times more anti- 
chymotrypsin activity with a synthetic substrate than with 
a protein (Mikola and Suolinna, 1971).

Another interesting observation was made by Feeney,
Means and Bigler (1969). Some of the trypsin inhibitors 
differentiated between bovine trypsin and human trypsin, by 
selectively inhibiting one of them. Trypsin inhibitors from 
lima bean, soybean (Birk) and Kunitz's bovine pancreatic 
inhibitor inhibit both human and bovine trypsin, whereas the 
trypsin inhibitors from the ovomucoids of chicken and turkey 
inhibit bovine trypsin and not human trypsin.
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G-orinl and Audrain ( 1953) observed that tryptic activity 
reappeared upon prolonged Incubation of the Inhlbitor-enzyme 
complex. A detailed study was made by Laskowskl and Wu (1955) 
of this phenomenon which they termed "temporary inhibition". 
The chicken ovomucoid and possibly all the tested mammalian 
(Gonnl and iiudrain, 1955) pancreatic secretory Inhibitors 
(Kazal) (Tschesche and Klein, 1968; Green, Rlgbi, and Packre, 
1 9 6 6) and several derivatives of Kunitz’s pancreatic trypsin 
inhibitor (Kress, Wilson, and Laskowskl, 196B) (where the 
cys 14-cys 38 disulfide bridge was selectively cleaved and 
cysteinyls modified) were found to be temporary inhibitors.
The unmodified pancreatic Kunitz inhibitor is not a temporary 
inhibitor and was found to be resistant to proteolytic 
activity.

Further detailed study of the pancreatic trypsin
inhibitor with respect to temporary inhibition was carried
out by Tschesche, Klein and Reidel, (1970), They showed
that the inactivation of the inhibitor proceeded via formation
of small peptides. One of the early reactions they showed

5 6was the hydrolysis of the bond Arg -Glu thus generating 
des-Thr-Ser-Pro-Glu-Arg inhibitor which is still active. By 
means of kinetic data they established that the cleavage of 
the reactive site peptide bond precedes the cleavage of the 
other arginine or lysine bonds. The exact number and sequence 
of other bonds broken have yet to be determined,

Tschesche et al. (1970) explain the physiological
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significance of temporary inhibition on the baeis that trypsi- 
nogen activated prematurely is inhibited. After secretion into 
the duodenal tract, however, the trypsin may be liberated and 
used for digestion of food proteins vshereas the inhibitor is 
degraded and absorbed.

.gI.e.aYâ £.-al- e-flCTe-lflnm-tg.g, CPOlPlgZ?
Various methods have been used by workers to separate 

the inhibitor and the enzyme from the complex. The classical 
method of Kunitz (1 9 3 6) using boiling trichloroacetic acid 
for the bovine polyvalent trypsin inhibitor is well known.
The enzyme is denatured by boiling trichloroacetic acid thus 
setting the inhibitor free.

Another useful technique is the use of gel exclusion 
chromatography at low pH if the inhibitor is stable to acid. 
This method was used in the case of the trypsln-ovomucold 
inhibitors (Echrode, cited from Laskowskl and Sealock, 1971),
6 M guanidine hydrochloride at pH 7 followed by gel chroma
tography has been used to separate-soybean trypsin inhibitor 
from its complex (Sealock and Laskowskl, 1969), Sulfoethyl 
sephadex has been used recently to separate the soybean 
trypsin inhibitor from its complex at pH 2,6 (Papaioannou 
and Liener, 1970).

However the above are examples of the inhibitor being 
obtained active and free from the complex. There are very 
few instances or reports of the active enzyme being released 
from the complex. Hochstrasser _et ^ • C ‘'963) have used thio- 
ethanol to inactivate the inhibitor and release the active 
enzyme. Sodium dodecyl sulfate has selectively been used



by Hercz ( 1973) to inactivate blood trypsin inhibitor
from its complex with trypsin, Sato et al. (1975) immobilised 
a Bubtilisin inhibitor on Sepharoee and used it for the 
purification of subtiliein. The complex was cleaved with 
0.5% at pH 7.5 and the SIS was removed effectively from 
the solution by use of Dowex-2. The recovery of subtilisin 
was 30ji>, However this treatment partially destroyed the 
ability of the bound Inhibitor to combine with subtilisin 
again. The same authors have also used 6 M urea and 3 M 
guanidine HGl, but the recovery of the enzyme was only 359̂ .

The development of suitable methods for the recovery 
of the enzyme from the complex is of Importance, It is 
possible that some inhibitors occur in combination with 
endogenous enzjrmes and the recovery of the enzymes free from 
inhibitors will facilitate the purification and study of 
their properties. The lability of the inhibitors to pro
teinase action at low pH made it possible to separate the 
inhibitors and proteinases of yeast as discussed earlier 
(Lenney £t al., 1974), 
j-x-tOrLiillEb OS PA.fc-.AIlN IM IBIIO xiS

Not much work has been done on the properties of papain 
inhibitors, except for the specific papain inhibitors of 
chicken egg white (Fossum and Witaker, Sen and
V/hitaker, 1 9 7 3) and rabbit skin, which will be discussed in 
this section.
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■ghlciiefl wtiltg:
Moleculax welfrht;

The molecular weî ĥt of the inhibitor determined by gel 
filtration was found to be 12,700. The ficin-inhibitor complex 
had a molecular weight of 24,600 and the mercuric papain- 
inhibitor complex 25,300. Since the molecular weight of papain 
is 2 1 , 0 0 0 the reason for the low values for the molecular* 
weights of the complexes is not known.
Amino acid composition;

The amino acid composition of the papain-ficin inhibitor 
was found to be different from that of the ovomucoid and 
ovoinhibitor, A striking feature was the higher content of 
serine, glutamic acid, methionine, isoleucine, leucine and 
arginine in the papain inhibitor compared to the other egg 
protein inhibitors and the lower threonine, cystine and 
histidine content.

The papain inhibitor contains no carbohydrate moiety.
In this respect it differs markedly from the other chicken 
egg white inhibitors (trypsin, chymotrypsin etc.), which 
contain appreciable amounts of carbohydrate.
Stability;

At 35°C the inhibitor was stable for 30 min at pH 4.9.
A slow loss of activity of a 5 x lO” ]̂!! solution of inhibitor 
at pH 7 (0.2 H phosphate) at 30°C occurred. An unusual 
pattern of heat stability was observed. The first 10 min of 
heating resulted in a 40?̂  loss in activity. Thereafter the

Th
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inhibitor was found to be stable to heating for a further 
period of 50 min. When the solution was reheated at 30®C a 
further loss of activity was observed in 5 min. Additional 
heating for 20 min more did not result in any further loss 
of activity. The inhibitor lost about 64?̂  of its activity 
at 100*C within a period of 3 rain but continued heating did 
not result in any further loss.
Effect of pH;

CoraMiation of the inhibitor with ficin was found to be 
independent of pH, over the range 4-9.
Dissociation constant of flcln inhibitor complex;

- 8The constant was found to be 1.47 + 0.63 x 10 M by 
equilibrium inhibitory studies. By kinetic studies involving 
the effect of substrate concentration it was found to be 
1,32 4 0,43 X 10 M, The constant was found to be lower than

—Athat of the chicken ovoinhibitor complex (4 x 10“ M), The 
dissociation rate constant for the complex was found to be 
6.3 X 10“^sec”  ̂(t 1/2 = 11 secs.).
Mechanisim of complex formation;

According to Sen and 7/hitaker (1973) the forces involved 
in complex formation are not electrostatic, but probably 
hydrophobic. Hydrogen bonding may be involved to some extent. 
The above kinetic data Indicate the formation of a strong 
complex. Secondly the dissociation rate constant was found 
to be in the order of (t 1 / 2 = 11 secs.) which is very slow.

As mentioned earlier Laskowski's theory required the 
participation of an active enzyme. If it is so, the group
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of the enzymes ficin and papain is essential. However in an 
earlier paper Possum and Whitaker (1963) showed the combina
tion of mercuric papain with the inhibitor. Later Sen and 
Whitaker have shown that carboxymethylated ficin (enzymatically 
inactive) combines with the inhibitor. Gel filtration and 
competitive binding studies indicated that the alkylated 
enzyme-inhibitor complextHd a lower dissociation constant*
The ratio of combination between the inhibitor and the enzyme 
was found to be 1 :1 (for both native and alkylated ficin). 
Kellova and Tomasek (1974) observed that the mercury derivative 
of cathepsln B combined effectively with the chicken egg 
white papain inhibitor. The above observations contradict 
the assumption that participation of an active enzyme is an 
essential prerequisite for complex formation.

Jfltilbltoy Iso.latê . from
inflammation in rabbits; (Udaka and Hayashl, 1965)
Properties;
Appearance;

The inhibitor had a fibrous appearance when viewed under 
the microscope. The purified inhibitor was found to be 
homogeneous on ultracentrifugation and paper electrophoresis 
at pH 3.85 and 6.8 . Its sedimentation co-efficient was 1,2S 
by the moving boundary technique. The ratio of absorbance 
at 276 nm/260 nm, was found to be 1,61 which indicates the 
absence of nucleic acids.
Stability;

The inhibitor was found to be stable at 30®C for 30 min.
At 100°C it was stable for 5 min. At -5®C there was no loss
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in activity in 7 dayg. The inhibitor was not precipitated 
by 5% trichloroacetic acid and was insoluble in water and 
soluble in salt solutions,
Specincitv!

Besides papain it inhibited an dependent proteinare 
responsible for the cutaneous lesion of Arthus type 
inflammation. It had no effect on trypsin and chymotrypsin. 
It also inhibited an -taH proteinase released in the antigen 
antibody reaction in tissue culture, but had no effect on 
cellular proteinase released on Irradiation.

The properties of non-specific inhibitors will not be 
described as most of the property studies pertain to trypsin 
or other unrelated enzymes*



Section VIII 
Active centre and mechanism of action 

The elucidation of the mode of action and active centre 
of trypsin inhibitors is a major advance in this field. It 
has been suggested that the specific interaction between 
trypsin and trypsin inhibitors involves the cleavage of a 
peptide bond in the active centre of the inhibitor, (but see 
below for a discussion of this hypothesis). It has been 
demonstrated that the trypsin inhibitors have either an 
arginine or lysine residue at the active centre. The 
mechanism will be dealt with later, C

Chemical modification of inhibitors by specific reagents 
has facilitated the classification of trypsin inhibitors into 
lysine or arginine inhibitors (Liu, Peinstein, Osuga, Haynes 
and Feeney, 1963). Since trypsin does not act on lysyl bonds 
where the<c-amino group of lysine is modified (acetylated, 
succinylated, maleylated, deaminated, or teated with trini
trobenzene sulfonic acid), modification of the lysine moiety 
at the active centre of the inhibitors would destroy its 
activity. As a result only the arginine inhibitors will be 
acted upon by trypsin. Similarly modification of the 
arginine moiety by reagents such as 1,2-cyclohexadione (Liu,
£t al. , 1963), 2,3-butadione (Fritz, Fink, (Jebhardt,
Hochstrasser and Werle, 1969) will render the inhibitor 
inactive, Trjrpsin will then selectively act on lysyl 
containing Inhibitors, Thus it is experimentally possible to 
classify the trypsin inhibitors into lysine or arginine 
inhibitors.

44
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The inhibitor with the hond intact is known as the virgin 
inhibitor and the one with the cleaved bond ie referred to as 
the modified inhibitor. Haynes and Feeney (1963) observed that 
treatment of the modified inhibitor (Soybean trypsin inhibitor, 
Kunitz) with trinitrobenzene sulfonic acid, leads to a rapid 
loss of inhibitor activity. The virgin inhibitor was unaffected, 
It was therefore suggested that the newly formed NH2 (i.e. 
the NH2 from the active centre) should be free, if the 
modified Inhibitor is to be active, Kowalski and Laskowski 
Jr. (1 972) report that maleylatlon, citraconylation and 
carbamylation of the newly formed NH2 terminal of the Tuodifled 
soybean trypsin inhibitor (Kunitz) or chicken ovomucoid leads 
to loss of inhibitor activity. Secondly if the modified 
inhibitor is to be active, then the peptide chains of the 
modified inhibitor must be held in a definite conformation 
relative to each other by the disulfide bridges,
Enzvmatlc replacement of residues at or near the active site:

The presence of certain common characteristlce among 
the trypsin inhibitors suggest that the replacement of the 
arginine moiety at the reactive centre by a lysine molecule 

vice versa should not alter the inhibitor activity. This 
has been studied in detail by Laskowski Jr. and Sealock (1969). 
Kunltz’s soybean trypsin inhibitor was used for these studies.
The virgin inhibitor was Incubated with catalytic quantities 
of trypsin at pH 3.75 to get the modified inhibitor. The 
modified inhibitor was then treated with carboxypeptidase 
B at pH 7.6 to get the des-arginine Inhibitor, The des- 
arglnlne inhibitor was devoid of inhibitor activity. In the
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next step the des-arginine inhibitor was Incubated with 
trypsin, carboxypeptidaee and 0.1 M lysine at pH 6,7 for a 
few days to synthesize the arginine inhibitor which combines 
with trypsin. The synthesised complex desip-nated as Cp, was 
then separated by sephadex chromatography and subjected to 
kinetic control dissociation in 6 M gi^anidine HCl to release 
the new lysine containing inhibitor. Studies on the (Lys 64) 
inhibitor have shown that the substitution of arginine by 
lysine does not alter the thermodynamic properties of the 
inhibitor.

Enough data are not available on the reactive site of 
other inhibitors, Chymotrypsin acts on the tryptophan -x or 
tyrosine -x or phenylalanine or leucine-x peptide bonds. When 
the chymotrypsin (Bowman Birk) inhibitor (Frattali and 
Steiner, 1969) was teated with catalytic quantities of chymo- 
trypsin, a modified inhibitor was produced. When the modified 
inhibitor was treated with carboxypeptidase A, it lost its 
activity.

Krahn and Stevens (1970) determined the reactive site of 
the chymotrypsin lima bean component 3 inhibitor. It was 
found to be Ser-Thr-Leu-Ile-Pro. An interesting feature is 
the presence of 3 hydroxy amino acids, surrounding the active 
site leucine.

Leary and Laskowski (1973) recently reported a change 
from tryptic to chymotryptic specificity in the case of the 
soybean trypsin inhibitor (Kunitz). They report that the 
reactive site arginine or lysine can be replaced by tryptophan, 
tyrosine or leucine or phenylalanine thereby converting it into
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a chymotrypsin inhibitor. The method is similar to the 
arginine —^ lysine conversion. The virgin Trp^^ inhibitor 
inhibits chymotrypsin very effectively and trypsin is 
inhibited weakly if at all.

The reactive sites of other enzyme inhibitors swh as 
those of papain and subtilisin are not known.
:.;echanlŝ m of action of inhibitorsi

The mechanislm of Interaction between proteinases and 
their inhibitors will be disscussed only briefly since the 
work in this field is too extensive for a comprehensive 
review. Two theories have been put forv>ard for the mechanislm 
of action of these inhibitors - the first being peptide bond 
splitting by the active enzyme at the active site of the 
inhibitor and the second beinp the absence of a requirement 
for an active enzyme.

Kunitz and Northrop showed that the reaction between a 
proteolytic enzyme and its inhibitor results in the formation 
of an inactive complex. The complex was stable at neutral pH 
and in acid solution dissociated into the individual components 
which retain their respective properties.

The inhibitors contain an active centre which combines 
with the enzyme. It is the configuration of the binding site 
of the inhibitor which probably gives its specificity. The 
trypsin inhibitors were found to contain an arginine or 
lysine residue at the active centre. The chymotrypsin 
inhibitor from lima bean (compenent III) was found to contain 
a leucine residue at the active centre|^Krahn and Stevens ( 1970^,



spllttiLnfi, fngclaaai-g'̂ m:
Laskowski Jr. has postulated that cleavajre of the 

peptide bond at the active centre by the proteinase first 
occurs, and that it is subsequently followed by the formation
of the complex. The inhibitor with the bond intact is called
the virgin inhibitor and the inhibitor with the bond cleaved 
is called the modified inhibitor, Ozawa and Laskowski (1966) 
proposed the following as the reaction scheme for the soybean 
trypsin inhibitor. (See Fig. on page 4-5).

Their theory is supported by the following. They showed 
that in the case of the soybean trypsin inhibitor and chicken 
ovomucoid the native inhibitor consists of a single chain
whereas the modified inhibitor due to a bond cleavage consists
of two chains held by s-s bridges. Reduction of the disulfide 
bridge leads to loss of activity of the modified inhibitor.
It was also shown that the removal of the newly formed terminal 
NH2 group by carboxypeptidase or modification of the fIH2 group 
leads to a loss of the modified inhibitor activity. Similar 
results in support of peptide cleavage were obtained by other 
workers (Birk £t , 1967; Frattali and Steiner, 1969;
Rigbi and Green, 1968).

Finkenstadt and Laskowski ( 1967) showed that the modifi
cation was reversible. The complex was prepared by using 
modified soybean trypsin inhibitor and trypsin. The complex 
was dissociated under drastic conditions (very low pH and 6 M 
gauinidine HCl) when virgin inhibitor was obtained predomi
nantly, They also showed that the complexes prepared from

4‘)
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virgin or modified inhibitor and trypsin were indiptinguish- 
able on disc gel electrophoresis. Therefore the follo'wing 
mechanls'*"'n was proposed by them

T + I L;^C L* T + I*

where I and I* are native and modified inhibitors and C is 
the stable complex and L and L* are loose complexes of the 
Michaelis-Menten type involving non-covalent forces. The 
reactions on the left are faster than the reactions on the 
right. This results in the predominant release of virgin 
inhibitor from the complex obtained with trypsin and virgin 
or modified Inhibitor, They postulate that an acyl intermediate 
is formed between the newly formed GOOri of the inhibitor and 
serine of the active site of the enzyme, k tetrahedral 
intermediate is also proposed. Reports from this laboratory 
have shown that the subtilisin inhibitor, once modified 
cannot be converted back to the mtive inhibitor at pH 7,5,
This observation is different from the observed reconversion 
of the modified to the native inhibitor in the case of trypsin 
inhibitors, Ho'wever there is no general agreement that the 
above mechanis'^m is true for all proteolytic inhibitors,

Absence of peptide bond hydrolysis has been reported 
by other workers, Dlouha, Keil and Sorra (1963) have shown 
that there is no cleavage of the peptide bond by trypsin at 
the active site in the case of Kunitz and Northrop's bovine 
pancreatic trypsin inhibitor. In the case of turkey and 
ca§89wary ovomucoids the modified inhibitor retained its 
activity even after treatment with carboxypeptldase
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(Feinstein et , 1966), Secondly substitution of the newly- 
exposed amino group with trinitrobenzene sulfonic acid should 
lead to a loss of trypsin inhibitor activity. However this 
was not true in the case of all the inhibitors, Uy and 
Feeney (1970) modified penguin and turkey ovomucoid with 
either o^-chjrmotrypsin or subtlllsin. The newly exposed amino 
groups of the modified Inhibitor were then substituted by 
dimethylation and tested for inhibitor activity. No loss of 
inhibitory activity was detected. It is possible that substi
tution of the H of the by methyl groups does not always 
result In loss of activity.

The reactive site hydrolysis theory requires the parti
cipation of an active enzyme. However many authors have 
reported that inactive enzymes are also capable of combining 
with inhibitors, Foster and Ryan (1965), Feinstein and 
Feeney (1966), Fossum and Whitaker (1968), Feeney (1971),
Ryan ( 1973), Sen and V/hltaker (1973) have shown that inactive 
derivatives of the enzymes trypsin, chymotrypsln, subtlllsin 
and papain such as ĈijCK-trjrpsln, TPCK-chymotrypsin, 
anhydrochymotrypsln, substituted subtlllsin (serine substituted 
by tosylation), mercury papain and alkylated ficin combine 
with inhibitors to form complexes. However these results 
only indicate that non-covalent forces are involved in 
complex formation and do not rule out peptide bond splitting 
and covalent bond formation with active enzyme,

Modification of the lysine and arginine residues by 
acetylation, euccinylatlon or by treatment with reagents
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such as 2,3-t)utadlone should render the inhibitors inactive 
since trypsin does not act upon lysine or arginine groups 
when the(*-araino group is modified. However, Kassel and Chow 
(1966) found that when the pancreatic trypsin inhibitor 
(Kunitz) was guanidinated and amidinated it still retained 
its inhibitor activity. Other inhibitors which show inhibitor 
activity on guanidination or amidation or treatment with 
reagents such as 2,3-butadione. 1,2-cyclohexadion are 
turkey, cassowary and duck ovomucoids. In the case of the 
lima bean inhibitor the modified (guanidinated) inhibitor was 
found to inhibit trypsin more rapidly than the untreated 
inhibitor (Haynes and Feeney, 1968).

According to Feeney the formation of the complex does not 
require the hydrolysis of a bond and the principal non- 
covalent forces in protein Interaction are involved In complex 
formation. The specificity of an inhibitor is dependent on 
the side chain of the amino acids present at the binding 
site of the inhibitor. Catalyses and bond splitting are 
however secondary and not essential.

Each of the two theories (bond splitting and non 
splitting hypothesis) therefore seems to be applicable only 
to some inhibitors. Further work is needed with other 
Inhibitors to clarify their mechanisf'm of action. An 
insight Into this interesting protein - protein combination 
may be possible when X-ray structures of a number of 
proteinase-lnhibitor complexes are determined.
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Section IX
PhYSiQlQglcal. role, qX croteljag ge inhibitors

The wide spread occurrence of proteinase Inhibitors 
sugg-ests an important role for these proteins. The role of 
inhibitors in animal tissues is better understood than in the 
case of plants. There are several theories regarding the role 
of plant inhibitors, which lack experimental support.

It has been suggested that the function of the pancreatic 
inhibitor is to inhibit prematurely activated trypsin. It la 
thought that trypsin is an activator of other zjnnogens present 
in the pancreas, Trasylol (polyvalent Inhibitor) is used as 
an effective agent in pancreatitis (Vogel £t , 1969), It 
may also have a role in the control of a trypsin-like enzyme 
responsible for the conversion of proinsulln to insulin 
(Frank and Veros, 1968).

In blood the inhibitors may have a role in the clotting 
of blood. Some of the blood clot+lng enzymes are inhibited 
by two serum inhibitors. Individuals genetically deflnient 
in serum inhibitors were shown to be susceptible to lung 
and liver disorders such as pulmonary emphysema (Erickson,
1964) and liver cirrhosis (Sharp, Bridges, Kirvlt and 
Friuer (1969), Ghan and Rees (1975) have shown that the 
deficient state is associated with a lower content of dalle 
acid in the proteinase inhibitor. These patients were 
found to have a correspondingly lower sialic acid transferase 
activity. The two proteinp l,e. the normal and the protein 
from deficient patients were found to differ in the content
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of other carbohydrate groups also.
AlJjJia,Tl-aiitltYi)aln deficiency ~ liver diseaset

Eriksson and Larrson (1975) have also recently reported 
that deficiency of serum alpha-1-antltrypsin is associated 
with some cases of chronic olastructive disease and of fatal 
cirrhosis in the prenatal or juvenile period. Hepatocellular 
carcinoma has also been aseociated with a partial deficiency 
of the above inhibitor. The liver damage was found to be 
related to the accumulation of the PAS-posltlve material which 
is Immunologically similar to the<xl-antitrypsin but is 
deficient in a terminal sialic acid moiety. The inability to 
add sialic acid was shown by Kuhlenschmldt, Tunis, Lammarino, 
Turco, Peters and Glew (1974) to be due to a deficiency of 
sialyl transferase. Therefore It is likely ttet patients 
deficient in the above two factors may be more prone to liver 
diseases, indicating that inhibitors may have an important 
regulatory role at the cellular level.
Role of a proteolytic inhibitor In i>roi£iR..£YRt.hS2A&i

Taber, Wertheimer and Golrick (1973) have shown that 
Tir'CK (l-chloro~4-phenyl-3 tosylamldo-2 butanone) inhibits 
the cleavage of a large polypeptide chain synthesised in 
uninfected Hela cells. Earlier reports by Taber, Rekosh and 
Baltimore (1971); Summers and Maizel (1971) and Rekosh (1972) 
showed that the newly synthesised viral protein of the 
picorna-vlrus group was cleaved into three products while 
still on the ribosomes. These were further cleaved to form 
ten proteins. The above cleavage was found to be reproducibly 
Inhibited by TtCK which is a chymotrypsin inhibitor.
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The above reports indicate that some inhibitors may 
have a more basic role in cell division and that all of them 
do not merely have a protective role as postulated in the 
case of the pancreas.

The pepsin resistant colostrum inhibitor is considered 
to prevent proteolysis of the milk antibodies in the dip-estive 
system of the new born (Laskowski and Laskowki, 1951).

The physiological function of the polyvalent typsin 
inhibitor which occurs in cattle in large quantities and in 
several organs is obscure. It is probably concerned with 
some regulatory function of enzymes in these tissues.
According to Astrup (1963) the absence of respiratory 
diseases in cattle is related to the presence of these 
inhibitors in lungs,

A proteinase inhibitor acting on a range of enzymes, 
including microbial proteimses, was found in the submandi
bular and sublingual glands of foxes and cats. It is suggested 
that its function is to protect the animal against 
proteinases of the bacteria taken with the food, especially 
in stale flesh (Vogel et al., 1968),

A protective role for the inhibitors of egg white 
against bacterial action has been suggested (Feeney and 
Allison, 1969).

The inhibitors from Ascaris lumbrlcoldes are thought to 
protect the organisim against proteinases of the host during 
passage through the intestines (Vogel £t al,, 1968), In the 
case of Streptomyces, the inhibitors are produced at the 
end of the fermentation process possibly as a defense
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mechanisim to stem auto-digestion (Umezawa, 1972). 
iielatIon J?£j;>veen.JtufflQur growth and proteinare inhibitor;

It is known that normal cells in tissue culture cease 
to divide when a monolayer is formed. The above phenomenon 
is termed as contact inhibition. Virus transformed cells 
or tumour cells do not show contact inhibition, Sefton and 
Rubin (1970) have shown that when normal mouse fibroblasts 
are treated with proteolytic enzjrmes, contact inhibition is 
lost and the cells show surface properties characteristic of 
transformed cells. Hence the role of endogenous proteolytic 
enzymes in contact inhibition is of interest. The effect 
of proteinase inhibitors on transformed cells was studied by 
Schnebli and Burger ( 1972), The effect of (tosyl
arginine methyl ester) TPCK and TLCK, soybean trypsin inhibitor 
and ovomucoid II were tested on the growth of transformed 
mouse (Py3T3, !̂ V3T3 and 3T12) and hamster (Py3ISK) cells.
They found that there was a selective Inhibition of the growth 
of transformed cells by the proteinase inhibitors. The 
restoration of contact inhibition by proteinase inhibitors 
indicates that a proteolytic enzyme is involved in the 
transformation of normal cells. Thus protein inhibitors may 
have a regulatory function and their role in tumour growth 
deserves further study.

The presence of three distinct and different proteinases 
and their corresponding inhibitors in Saccharojryces 
cerevisiae (Lenney, Matile, \Viemken, Schellenberg and Meyer 
(1974) has already been discussed in Section IV, The
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proteinases are present in the vacuole while their inhibitors 
are localized in the extravacuolar cytosol. The role postu
lated for these inhibitors is that they protect the extra- 
vacuolar proteins from the accidental leakage of proteinases 
from the vacuoles. Secondly it is proposed that the proteinases 
are transferred after their synthesis on the cytoplasmic poly
somes to the vacuoles as proteinase-inhibitor complexes and 
thus play a role in transportation of enzymes.
Usee!

Certain pathological conditions such as inflammation, 
pancreativ necrosis and shock are influenced by the premature 
or uncontrolled activity of proteolytic enzymes. Trasylol 
(bovine polyvalent inhibitor) has shown promising results in 
the treatment of early pancreatitis (Thompson, 1963), It has 
low toxicity and is a broad spectrum inhibitor. It has also 
been used in the treatment of surgical hemorrhages (Amris,
1966; Matis and Mori, 196B). The -mortality rate is reduced in 
experimental shock caused by burn and trauma (Back, 1966),

The low molecular weight inhibitors from the culture 
broths of Streptomyces strains (Umezawa, 1972) have found 
clinical applications. They are of low toxicity and are 
absorbed when given orally. Leupeptin shows an anti
inflammatory effect and has been suggested for the treatment 
of pancreatitis and for the inhibition of kinin formation.
In the case of burns leupeptin ointment suppresses pain and 
blister formation. Pepstatin was shown to be effective in 
suppressing stomach ulcers of pylorus-ligated rats.
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Specific proteinase inhibitors can be used as a suitable 
analytical test to disting-uish between different proteolytic 
enzymes present in tissue extracts,

logical ro le .g f .slanj^BjcatsInaae 
The role of proteinase inhibitors in plants has remained 

obscure. The following are some of the theories about their 
role.
ilegulatorv agents In controlling endogenous proteinasest 

In 1965 Shain and Mayer (1965; 1968) reported that a 
proteinase inhibitor in lettuce seeds inhibits an endogenous 
proteinase. Recent investigations by the authors showed the 
enzyme to be an endopeptidase which has a trypsin like 
specificity. With the onset of germination the inhibitor 
disappeared. This suggests that the enzyme was in a csryptic 
form or that the enzyme was activated fUom its zymogen state 
by an activator and that the Inhibitor is complexed, Unger- 
rainated barley extracts were shown to contain an endogenous 
endopeptidase which exhibits a similar pattern of activity 
with the commencement of germination (Kirsl^Mlkola, 1971; 
Mikola* and Enari, 1970),

As stated in an earlier section, in Vlgna sinensis the 
trypsin inhibitor activity of the cotyledon falls continuously 
during gemination to a value which corresponds to 59̂ of the 
value for dry seeds. The axial parts were shown to control 
the disappearance of the inhibitor activity. It was shown 
by Filho et ^,(1973) (pnpubllshed repults) that the crude 
"inhibitor" fraction of Ventura and Filho (1966) weakly
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inhibits an endogenous proteinase. The extract of Vip̂ na 
unguiculata was shown to contain two types of proteinases, 
one hydrolysing BAirM and the other digesting casein. The 
proteinase acting on casein was shown to be inhibited weakly 

trypsin Inhibitor from the extract (Royer et , 1974),
A carboxypeptidase B and °<-chyraotrypsin inhibitor ft*om 

potatoes (Rancour and Hyan, 1963; Ryan, 1971) was found to 
inhibit the bradykinin inactivating carboxypeptidase from 
potato. It is thought that the inhibitor may have a 
regulatory function in dormant potatoes, 

pr9t,g,QtiP,n;
It has been suggested that the proteinase inhibitors may 

have a protective function against invading microorganisms.
They act on proteolytic enzymes produced by the invading 
bacteria and thus prevent cell wall hydrolysis,

Applebaum (1964) proposed that proteinase inhibitors of 
legumes may have an important role as a defensive mechanism 
against insects. In 1947, Mickel and Standish (1947) observed 
that larvae of certain pests showed abnormal growth when fed 
on soybean extracts, Lipke, Praenkel and Leiner (1954) 
studied the effect of soybean inhibitors on the development 

Tribolium confusum. They showed the inhibition of the 
digestive proteinases of the organislm by a specific inhibitor 
in soybeans, A tribolium inhibitor has also been reported 
from wheat (Applebaum,i-Konljn, 1966), Later reports showed 
the inhibition of Tenebrlo molitor larval trypsin by lima 
bean inhibitor, ovomucoid and Bowman 3irk inhibitor (Applebaum, 
Birk, Harpaz, and Bondi, 1964), The above results are very
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similar to the inhibitinf effect of soybeans and other lepume 
seeds on the j?rowth of animals.

Green and Ryan (1972) report that wounding of leaves of 
potato and tomato plants by adult Colorado beetle larvae 
induced a rapid accumulation of a proteinase inhibitor 
throughout the aereal parts of the plant. This was stimulated 
by mechanical damage. They report the isolation of a 
proteinase inhibitor inducir^ factor which stimulates the 
production of an inhibitor on wounding of the leaves. This 
phenomenon was found to be temperature and light dependent.
The authors therefore suggest the production of an inhibitor 
as a response by the plant against invading insects. This 
theory may be of considerable importance in the control of 
pests, if it is proved to be correct, and requires further study. 
Storage:

Yet another role has been suggested by various authors.
The inhibitors may have a storage role, as the inhibitor 
content of many seeds is high e.g, they represent about 6^ 
of the soybean protein (Rackis and Anderson, 1964) and upto 
10̂ . of the soluble protein of barley grains (Mikola and 
Kirsi, 1972).

Chymotrjrpsin inhibitor studies showed that the inhibitor 
behaved as a storage protein (potato). The apical cortex of 
the tuber was shown to contain the highest levels of the 
inhibitors. When the seed pieces of potato tubers are 
planted, Inhibitor (chymotrypsin) entirely disappeared within 
a few days as the new plants emerged and grew. The aereal
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parts of the plants contained appreciable amounts of the 
inhibitor, '̂Then new tubers were formed, the inhibitors 
accumulated in the tubers with a concomitant decrease in the 
aerial parts, Ambe and Sohonie (1956) showed the presence 
of trypsin inhibitors in all parts of double and field beans 
at all stages of growth. The inhibitors decreased in 
concentration in the cotyledons and increased in plants during 
germination.

The role suggested by Mikola and Soulinna (1969) is 
that the inhibitors may have a role in the endozooic disposal 
of seeds. The seeds remain viable even after having been 
consumed by animals. It is thought that the inhibitors 
protect the seeds against the alimentary canal proteinases.

Thus the role of inhibitors in plants is not very 
clear. They may have a multipurpose function or different 
inhibitors may have varied functions.



Section X 
■PxlLb£i'̂T <iOxiK

This work presents evidence for the presence of a papain 
inhibltor^in a wide variety of plant tissues tested. The 
purification of four specific isoinhibitors of papain from 
Vigna oat.jang is described, A comparative study of the 
properties and kinetics of isoinhibitors of papain has been 
carried out. The purification of specific papain inhibitors 
from a plant source has not been reported so far except for 
a brief earlier report from this laboratory. The study of 
the properties and kinetics of the inhibitors include amino 
acid composition, molecular weight determinations, molar 
inhibition ratio, UV spectrum, mechanism of action, stability 
of the inhibitors under different conditions etc.

Chapter II deals with the materials and experlme ntal 
methods used for these studies.

Chapter III deals with the occurrence of papain 
inhibitors in different plant tissues.

Chapter IV deals with the separation and purification 
of the specific isoinhibitors of papain from Vl^na o^t.jang.

Chapter V deals with the properties and kinetics of 
the isoinhibitors of papain from Vlf̂ na cat.jang.

Chapter VI deals with the discussion of the results of 
these studies.

Chapter VII contains a summary and conclusions of this
work.

Chapter VIII gives a bibliography of the literature 
references cited in this thesis.

B2



G H A P T E R II

M i i T E R I i ^ L S  A M D  M E T H O D S



63

Seotlon I

Materials;
The chemicals used were of analytical grade. Reduced 

glutathione was from Reanal, Hungary and £-chloromercuric 
benzoate was from Pluka, Switzerland, Cysteine hydrochloride 
and Hammarsten’s casein were from E,Merck, Germany. Hemoglobin 
was purchased from Serva Laboratories, Germany.

The following chemicals and enzymes were obtained from 
Sigma Chemical Company, U.S.A. DiAL-cellulose (0.9 meq per 
g, medium mesh), CM-cellulose (0 , 6 meq per g, medium mesh,) 

BArisÂ  albumin (from bovine serum crystallised), 
cytochrome c, (from horse heart), myoglobin (from horse heart), 
trjrpsln inhibitor (from soybean, type I-S), trypsin (from 
bovine pancreas - Type III), oC-chjniotrypsln (from bovine 
pancreas - Type II), subtllisin (subtllopeptidase-A, from 
special strain of Bacillus subtills. Type VIII), ficln (from 
fig tree latex, 2 x crystallised), and chymopapain. The 
method of Peterson and Sober (1956) was followed for the 
washing of celluloses.

Papain was obtained from Biochemicals Unit, Pelhi,
Pepsin (porcine origin, crystallised) was obtained from 
Armour and Company, USA. Insulin (crystalline) was purchased 
from B.D.H,, England.

Sephadex G-200, G-100, G-75 and G-50 were obtained from 
Pharmacia Fine Chemicals, Sweden, Sephadex was kept on a 
boiling water bath as specified by the manufacturers and 
cooled for the required time before use.
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The chemicals used for polyacrylamide gel electro
phoresis (acrylamide, -methylene-bis-acrylamide,
N,N,N',N'-tetramethyl ethylenediaraine (TEMED) and Amido 
Black 10B) were obtained from Eastman Kodak Company, USii. 
Glycine was from Koch Light Laboratories, U.K.

Cellogel strips were purchased from Reeve Angel 
Scientific Ltd., U.K. The strips were stored in 30?̂  methanol 
and were washed and soaked in the required buffer before use.

Phosphate buffers used were of potassium salts, unless 
otherwise mentioned.
Seeds;

The various seeds were purchased from the local'market 
and stored at 4°C. In the case of Vip-na catj^ng seeds of 
various sizes were available, and only those batches in which 
the seeds were relatively bif̂  (average weight of each seed was 
200 mg) were used.

The recent nomenclature (Verdecourt, 1970) includes 
Vigna cat.jang and Vlgna sinensis under the same species,
Vigna unguiculata. However they are further regarded as 
subspecies of V.unguiculata and are differentiated mainly by 
their pod size.
V . c a t ja n g  = V . u n g u i c u l a t a ; s u b . s p .  c y l i n d r i c a  -  pod le n g t h  -

7.5 - 12.5 cms.
V . s i n e n s i s  = V . u n g u i c u l a t a ; s u b . s p .  u n g u ic u la t a  -  pod le n g t h  -

20 - 30 eras.
According to the new nomenclature the particular seed which 
has been used for this work belongs to the sub-species
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cyllndrlca. However in this thesis the old nomenclature 
Yipna catjang and Vl|gna sinensis will be retained.

The author wishes to thank Dr. Bachhawat, Vellore, for the 
gift of lectins and Dr. J.N.Baruah, Regional Research Laboratory, 
Jorhat for the sample of bromelain (from pineapple fruit).

The author is grateful to Dr. A .F.^tascarenhas, National 
Chemical Laboratory, Poona for the supply of plant tissues 
grown vitro which were used for determining their papain 
inhibitor content. The author wishes to thank Dr. C.SivaRaman 
for his help and suggestions in carrying out the ultracentri
fugal studies, and Dr. S.V.ParanJpe in carrying out the amino 
acid analyses.



Section II
Methods;

Centrifugations were carried out at 0°C in an Interna
tional Centrifuge (Model PR-1 and PR-2), Sorvall (Model SS-1) 
and Spinco (Model 1). Radiometer TTT 60 was used for enzymic 
titrations. Amino acid analysis was carried out in a Beclman 
1200 analyser, Asborbance measurements were carried out in 
a Beckman Ultraviolet spectrophotometer using 1 ml cuvettes 
with 1 cm light path.

The pH of ammonium sulfate solutions was determined 
after diluting them four times with water.

Chromatographic columns were packed under gravity by 
hydrostatic pressure. No external pressure was applied 
during the operation of the column. All purification 
operations were carried out in the cold, unless otherwise 
stated. All solutions were prepared with glass distilled 
water unless otherwise stated.
AtMpqiMa

Precipitation with ammonium sulfate was carried out at 
0®C under constant stirring. The precipitates were collected 
by centrifugation or gravity filtration after keeping the 
solutions for a period of a minimum of one hour. The concen
trations of ammonium sulfate calculated at 0 °G were 
according to Jagannathan, Kartar Singh and Pamodaran (1956).

The equation used for the addition of solid ammonium 
sulfate was

50 (S„ - SjX = ---- £---- L_
1-0.23 X S2
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and the equation for addition of saturated ammonium sulfate 
solution was

100 (S^ - Ŝ )

1 -S2

where X is grams of solid ammonium sulfate to be added for 
every 100 ml. Y is ml of saturated ammonium sulfate solution 
to be added for every 100 ml. is the initial concentration
and 02 is the required saturation of ammonium sulfate at 0°C.

The precipitates were suspended In a known volume of the 
appropriate buffer. The increase in volume was assumed to be 
due to ammonium sulfate at the saturation at which the 
precipitate was obtained and a correction was made for the 
ammonium sulfate concentration in the enzyme or inhibitor, if 
used directly. Otherwise the solutions were dialysed 
exhaustively against the buffer employed. Dialysis was carried 
out at 4®C to 5°C» One volume of the material was dialysed 
approximately against 50 to 100 volume of the buffer used. A 

minimum of three changes were given in the case of small 
scale experiments. The external buffer was kept stirred. 
However in the case of large scale experiments several changes 
of the buffer were given. In the case of ammonium sulfate 
precipitates, the dialysates were tested for sulfate ions by 
using BaCl2-HN0  ̂solution. The period of dialysis ranged from 
20 to 50 h.
Fstimatlon of protein;

A modification of the Warburg and Christian method (1941) 
was used for the estimation of protein, A correction for
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nucleic acid and ultra-violet absorbing impurities was made 
by the following- equation (Jagannathan, Kartar Singh and 
Damodaran, 1956).

-^x (2 . 3 (OD^qq - = m̂ r of protein
per ml.

It was assumed that a 0.1 percent protein solution has an 
absorbance of 1,0 at 280 nm for a 1 cm light path. Inhibitor 
solutions were diluted, if necessary, with 0.05 M phosphate 
buffer, pH 7.5* A buffer of the same composition was used as 
blank.

Protein was also determined, especially of purified 
preparations according to the method of Lowry, Rosenbrough,
Farr and Randall (1951), using bovine serum albumin as 
standard. The concentration of serum albumin was calculated 
from its extinction co-efficient at 230 nm - 6 .6)
according to Cohn, Hughes and Weare (1947). Inhibitor solutions, 
dialysed and free from ammonium sulfate and phosphate and 
other interfering impurities, were used. In each case the 
dialyeate was also assayed for protein as a control. The 
'ffarburg method was used routinely to determine protein 
concentrations during the purification procedure. 
t,>ho?phQrua;

Inorganic phosphate was determined by the method of 
Fiske and Subba Row (1925).
Papain;

The purity of papain was determined with synthetic



substrates, ('benzoyl-D^j-arginine ^-nitroanillde)
accordirig to the method of Arnon (Arnon, 1965) and 
(benzoyl-L-arginine ethyl ester) by the pH stat method of 
Blumberg, Schechter and Berger (1970).

In the present work the purity of papain was calculated 
on the assumption that the papain purified by Kimmel and 
Smith (1954) was a pure preparetion. However Blumberg et al. 
(1 9 7 0) in a recent report have shown that the above papain 
can be further purified two-fold by affinity chromatography.
The percent purity of papain used for the present work ranged 
from 55 to 53^ for different batches of papain. This correspo
nded to a specific activity of 3000-3200 units/mg of protein 
when aseayed by Kunitz’s caseinolytic method. The purity of 
papain was also checked electrophoretically. It was arbitra
rily assumed that impurities present in the enzyme do not 
combine with the inhibitor. The absorbance of a 0.1^ solution 
of pure papain at 278 nm Is 2 . 5 for a 1 cm light path.

Papain used for affinity chromatography (purification 
of the inhibitor) was purified in this laboratory according 
to the method of Kimmel and Smith (1954), Papain was stored 
under nitrogen. Bound papain was converted to the mercuric 
form by adding HgOlg in Tris/HCl, 0.01 M, pH 7.5. The 
suspension was kept overnight and excess HgClg was washed off 
with the above buffer.
Preparation of S-carboxvamidomethvl pat)ain;

Papain was bound on Sephadex G-2^0 according to the 
method of Axen and trnback (1971). Bound papain was activated 
with 0.01 M EDT-A and 0.01 M cysteine, pH 7«5. The bound
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material was then washed several times with 0 . 1 M phosphate 
buffer, pH 7.5 to remove cysteine. The material was then 
treated with freshly prepared iodoacetaraide (1 x 10“ M̂) in 
the presence of 0,3 M KCl, The reaction was carried out 
at 30®C in the dark. Excess iodoacetamide was washed off 
and the material suspended in 0 , 1 M phosphate buffer, pH 7 .5 • 
The suspension was tested for residual proteolytic activity, 
using casein. The carboxyamidomethyl derivative had no 
enizyme activity and was used for binding studies.

Papain purified in this laboratory as well as that 
purchased, were tested for chymopapain activity by lowering 
the pH to 2 and testing for proteinase activity (Papain is 
destroyed at pH 2 and below, while chymopapain is stable).
There was no chymopapain activity in any of the samples of 
papain,

A stock solution of papain was prepared in 0.02 M reduced 
glutathione and 0.1 phosphate (or Tris/HCi buffer), pH 7.5. 
Dilution of the stock solution was carried out with GSH 
buffer solution as and when required. Reduced G-bH solutions 
were neutralised before use with 2 M KHGO^, It was observed 
that the stock solution could be stored at -20°C for about 
two weeks under nitrogen without appreciable loss of activity. 
Linearity of papain activity with concentrntion qI enzyme 
and time;

As seen from Pigs. 1 and 2 papain activity is proportional 
both to enzyme concentration and time. Linearity is observed 
when the increase in absorbance of the trichloroacetic acid 
filtrate is less than 0.5'̂ 0. The assay was carried out
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according' to the method of Kunltz,

A stock solution of casein was prepared by suspending
1 g of casein in 100 ml of 0 , 1 M potassium phosphate buifer, 
pH 7.5. The suspension was heated for 15 min. in a boiling 
water bath to dissolve the whole of the solid casein. The 

casein solution was stored at -20®C and could be used for 
about 30 days,
Activation cvstelne h.y.drochlgrlde;

Cysteine hydrochloride was neutralised with 2 M KHCO^ 
immediately before use and then mixed with casein solution.
The casein solution was 0.05 M with respect to cysteine. 
Inhibitor solutions;

Inhibitor solutions dialysed against either phosphate 
or Tris/HCl buffer of appropriate concentration were used 
for assay. Suitable blanks were taken which are discussed 
below in detail.
Buffer;

0.1 M potassium phosphate buffer or Tris/hydrochloride 
buffer, pH 7.5 was used for the assay.
Kunit2 »s caselnolvtlc method: (Kunitz, 1947)

This method was used routinely for assaying papain 
inhibitor activity during purification of the inhibitor and 
for the study of some of its properties. The details of the 
method are as follows except when stated otherwise.

The assay system consisted of 10 mg of casein, 200 ̂ moles 
of potassium phosphate buffer, pH 7.5» 25 )imoles of cysteine, 
and the inhibitor solution and papain in a final volume of



2 ml. The final pH of the reaction mixture was 7.5 and the 
mixture was incubated at 35®C. The reaction was initiated 
by the addition of 1 ml of the substrate and the reaction 
mixture was incubated for 3^ min. The reaction was stopped 
by adding 5 ml of 5̂' trichloroacetic acid. The tubes were 
kept for a minlrnura period of 30 min. and then filtered 
through Whatman No. 1 filter paper. The absorbance of the 
filtrate was determined at 230 nm, 3/̂ trichloroacetic acid 
was used for dilution if the absorbance exceeded 0,700 
(The concentration of tr,'i(̂ hloroacet Ic acid in the filtrate 
is %),
31aiiks:

Trichloroacetic acid filtrates of casein, crude enzyme 
and Inhibitor preparations contain 230 nm absorbing material, 
which will therefore interfere with the assay of proteolytic 
enzymes and inhibitors. In order to obtain the true readings, 
the readings of the above solutions at 280 nm will have to 
be subtracted, suitably to get the final value. The different 
blanks were run as follows.

The reading obtained is mainly due to the substrate, 
casein or hemoglobin. The optical density for this blank for 
casein varied from 0.080-0.150. The reading was obtained by 
omitting the inhibitor and the enzyme from the reaction 
mixture,
Enzyme blank;

This blank was necessary for crude preparations of 
enzymes. It was obtained as follows. The enzyme was omitted

72
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initially from the reaction mixture and was added to the 
reaction mixture after the addition of trichloroacetic acid. 
This blank is also referred to as the zero minute enzyme 
blank. This reading when deducted from the 2B0 nm reading 
of the trichloroacetic acid filtrate of the 50 nin. Incubated 
reaction mixture gave the true ensyme activity. Zero minute 
blanks were not necessary for pure preparations of enzyme, 
as the quantity of the enzyme used had no detectable reading 
at 280 nm.

Two blanks were taken when crude preparations were used* 
In both the cases the enzyme, whose inhibition was being 
studied, was omitted from the reaction mixture. One blank 
(zero minute Inhibitor blank) was run by adding the inhibitor 
solution after the addition of trichloroacetic acid. This is 
used for correcting for ultraviolet absorbing impurities In 
the crude inhibitor. The second blank is necessary in the 
case of crude extracts containing proteolytic activity. In' 
the case of the second blank the inhibitor solution was added 
to the reaction mixture in the beginning Itself and Incubated 
for the required time. The reaction was stopped as usual by 
the addition of trichloroacetic acid. The 280 nm reading 
obtained for the zero minute inhibitor blank when subtracted 
from the above blank (Incubated blank) gives the proteolytic 
activity of the extract. This has to be taken into account 
while calculating the inhibition values.

The possibility that the inhibition is not a true 
inhibition, but is due to the hydrolysis of papain by
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proteolytic enzymes in the crude extract was also taken into 
account. This possibility was ruled out by incubating the 
enzyme, namely papain, with crude extracts for different 
periods of time before adding the substrate and then testing 
the inhibition. In the above case if the inhibition is the 
same in all the samples which were preincubated for different 
times, inhibition is due to a papain inhibitor and not due 
to an endogenous proteinase acting on papain. This was 
carried out routinely for all samples of tissues tested and 
for the purified preparations of the inhibitors.

A typical assay for inhibitor activity using 0-0.90 
ammonium sulfate precipitate (Fraction II, Section III, 
Chapter IV) is illustrated in Table 1. The table illustrates 
the different types of blanks taken and the corrections 
made for them in calculating the final inhibitor value.
hmvinX. si .the.rgagtlQ.n

The amount of enzyme taken in the reaction mixture 
was such that an optical density increase of about 0.4-0.5 
was obtained. The papain inhibitor activity is proportional 
to inhibitor concentration when the decrease in papain 
activity was not more than 605̂  of the initial activity.
The amount of inhibitor taken in the reaction mixture was 
adjusted such that the decrease in enzyme activity was 
between 0.09-0.250. Only those inhibitor values which did 
not exceed 60^ inhibition of the enzyme activity were taken 
for calculating the inhibitor values, since the inhibition 
was found to be proportional to the inhibitor concentration 
in this range.
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The sensitivity of the assay was increased by decreasing 
the enzyme concentration and increasing the period of incubation 
proportionally, when required.

LDTA was found to have no effect on papain activity in 
the case of the caseinolytic method and hence was deleted 
from the assay system. For every variation in experimental 
conditions, suitable controls were run to ensure that the 
compound did not interfere with enzyme activity.
Units;

A unit of papain activity gives an increase in absorbance 
at 280 nm of 0.001 per minute per ml of the reaction mixture 
under the experimental conditions. A unit of papain inhibitor 
activity is that which causes inhibition of one unit of papain.
The same procedure was used for the assay of inhibitor activity 
when hemoglobin and serum albumin were used as substrates. 
M£ay_jQX.,ĵ ai2.ajLn BABM aa„.SP̂ S..trale: (Amon,
1965)

The reaction mixture consisted of 5 ^moles of 
500 pmoles of dimethyl sulfoxide, 15 pmoleB of iDTA pH 7.5»
50 ĵmoles of cysteine pH 7.5 and 500 >jmoles of Tris/HCl buffer, 
pH 7.5. The total volume of the reaction mixture was 6 ml.
50-100 pg of papain and the required amount of Inhibitor to give 
5O5& inhibition were added. The various blanks as discussed 
earlier were taken. The mixture was incubated for 30 min at 
25°C. The reaction was stopped by adding 1 ml of 3^ acetic

«

acid and the liberated ^-nitroaniline was estimated at 410 nm,CPv̂ 3[) 
Units and specific activity;

The amount of substrate hydrolysed by papain can be
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calculated from the molar extinction coefficient of £-nltro- 
anlllne at 410 nm = 3800). One unit of activity

I TTl

is the amount of papain vvhlch will hydrolyee one rnicroraole of 
the substrate per minute under the experimental conditions.
The specific activity is expressed as number of units per milli
gram protein. One unit of inhibitor activity If that amount 
which Inhibits one unit of papain activity under the same 
experimental conditions.
1 nglund! s assay. ofL flcliL to UBlng the., svnthet ic substrate 3AirM ;

This was used to determine the specific activity of ficin.
The method is similar to that of Frlan^er, Kokowsky and Cohafi
(1961). A total volume of 0.3 ml contained 0.1 M sodium 
phosphate buffer, pH 7, ficin, 0.02 M mercaptoethanol and 0,001 M 
JlDTA, 3 ml of the substrate were added to start the reaction.
( BAjtIhA solution was prepared by dissolving 43.5 mg of in
100 ml of 0.1 M phosphate buffer, p̂i 7 containing 0.001 M 
Versene and 1 ml of dimethyl sulfoxide). The tubes were 
incubated for 60 min at 37®G. The reaction was terminated by 
the addition of 0,? ml of glacial acetic acid. The increase in 
optical density at 410 nm was measured. Suitable blanks were 
taken. One unit of activity is defined as the quantity of (ficin 
required to catalyse the hydrolysis of SAJrWA at the rate of 
1.00 umole per minute (Englund, King, Craig and Walti, 1963)̂ C'<̂ '̂  5> 
The specific activity of pure ficin was calculated to be 
9000 junits/mg according to Kunitz’s caseinolytic method of assay,

CPi o
i3iiLh titrimetric assay;

Papain was also assayed by the pH stat method of 
Blumberg, Schechter ajad 3erger ( 1970), The acid liberated
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during the hydrolysis of BAiE hy papain was titrated with 
0,02 U KaOH, The reaction mixture volume was 15 ml and it 
contained 300 ̂ raoles of BAIIL, 30 jjmoles of £DTA, 75 jjmoles 
of cysteine pH 6, 150 pg of papain and 4,500 praoles of KOI.
The reaction was carried out at pH 6 at 21 ®C. The volume of 
NaOH added was recorded graphically and the activities were 
calculated from the initial rates of hydrolysis of BAEi,
Papain purified according to Kimrael and Smith (1954) gives 
a of 13.0 sec“\

Specific activity of chymopapain was taken as 1920 units/ 
mg of protein according to Kunitz'e caselnolytlc method of 
assay (Ebata and Yasunobu, 1962).
I'olvacrvl anide ^el el ectrophoreais ;

Polyacrylamide gels were prepared according to the method 
of Davis ( 1964) with slight modifications. Riboflavin was 
used instead of ammonium persulfate. The spacer gel was 
deleted. 9̂  gels were prepared in cylindrical tubes of 3-4
mm diameter. The pH of the gel was generally around pH 8,9
and the pH of the buffer (Tris-glycine) was 3.3. The 
concentration of the bath buffer was 0,02 ^ with respect 
to glycine and 0.0025 M with respect to Tris. The current 
applied was about 3r4 milliamps per tube and the run took
usually about 120 min, Bromophenol Blue was used as the
tracking dye. Protein was stained with 0.5^ ^mido Black 
10B in 7^ acetic acid. Destaining was carried out with 3% 
acetic acid. 0,5^ Coomassie Blue in 20^ trichloroacetic 
acid was also used occasionally to stain the protein bands, 
Destaining was carried out in 3/̂- trichloroacetic acid.
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Relative mobility of the protein concerned was calculated 
as the ratio of the distance travelled by the protein to the 
distance travelled by the marker,
•yâ iiin̂  of gels;

Certain non-protein impurities from the polyacrylamide p-ei 
inactivated the inhibitor. The yield of the inhibitor on 
elution was poor. Hence the gels were removed from the tubes 
and washed with glass distilled water first and then washed 
with the concentration of the buffer used to prepare the gel 
(0.25 M with respect to Trie), The gels were then shrunk in 
the cold and inserted into the tubes and allowed to swell at 
room temperature and stored in the cold (4®C). This washing 
was essential for preparative purposes and detection of the 
inhibitor on the gel.

The Qon-protein impurities also interferred in the 
protein assay. These could be partly removed by dialysis, 
and washing. However the non-dialyzable impurities could be 
removed only by passing the extract through Diiii-cellulose 
or 0*5i-cellulOEe, deoending on the nature of the inhibitor used. 
The non-protein impurities were in general not adsorbed and 
could mostly be removed by a thorough washing of the cellulore, 
by the buffer used for adsorption. Gels at low pH (4.4) were 
prepared according to the method of Reisfeld, Lewis and 
Williams with slight modifications (pamphlet from ^mes Co., 
Indiana). Riboflavin was used instead of a’̂monium persulfate 
and 9^ gels were used. It was observed that in the case of 
the acid gels, certain impurities from the gel impeded the 
mobility of the protein. Basic Fuchsin was used as the +racking
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dye. The marker moved extremely slowly and 3 to 10 h were 
required for the marker to traverse 6 to 9 cm. flowever 
washing the gels with buffer of the same concentration as 
that used to prepare the gels (0,25 M with respect to acetic 
acid) enhanced the movement of the marker as well as the 
protein, V/ashing of the gels was essential for good separation 
on the preparative scale. The bath buffer used was 0,01 
potassium acetate buffer, pH 4.4. The current applied was
3 to 4 milliamp per tube and the runs usually took 130 min,
0.5?S Amido Black 10B in 7“̂ acetic acid was used to stain the 
protein bands, Destaining was carried out in 3“̂ acetic acid. 
Preparative gel electror>horesis:

Polyacrylamide gel columns of height 11 cm and diameter 
1.8 cm were prepared as mentioned above dependii^ on the pH 
at which the gels were to be run. Riboflavin was used for 
polymerisation. The gels were washed as mentioned above and 
shrunk in the cold. They ’flere reinserted into the tubes and 
allowed to swell in the appropriate washing buffer In the cold. 
The above operation took about two weeks. 5^ sucrose was 
first layered on the gel. 300 ml of Trip-glycine, pH 3.3 
were used as the bath buffer in both the compartments.
800 ml of 0,01 M potassium acetate buffer were used in each 
of the compartments for runs at pH 4,4. 0,059̂  Bromophenol
Blue was used as the marker in the upper compartment for runs 
at higher pH and Basic Fuchsin at lower pH. One ml of the 
Inhibitor solution (containing 8 to 10 rag of protein) in 10^ 
sucrose was loaded on 5% sucrose. Electrophoresis was run 
at 5 milliamp per tube. /,fter every 12 to 16 h the buffer
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was replaced with fresh buffer. Flectrophoresis was continued 
till the marker reached the end of the tube. In the case of 
one of the inhibitors (run at pH 8.3), the marker was allowed 
to flow out and fresh marker was loaded in 5^sucrose and 
allowed to reach the end before the electrophoresis was stopped. 
This was essential as some impurities moved close to the 
inhibitor and a longer run gave better separation.

The gels were removed and cut horizontally into sections 
of 0,5 to 1 cm -thickness. Each portion was extracted 
separately with 0.05 M potassium acetate buffer, pH 4.4, A 
homogenieer was used to extract the fractions which contained 
the inhibitor activity. The gels were reextracted several 
times at intervals of 24 h each with 0.05M potassium acetate 
buffer, pH 4.4. The time factor was important for total 
recovery, as diffusion from the acrylamide particles was very 
slow. It was also observed that better recoveries were 
obtained with extraction carried out at low pH than at pH 7*5, 
The extracts containing the inhibitors were processed 
separately. Non-protein impurities were removed by dialysis 
and the use of ion-exchange celluloses.
Iso-electric point (pI);

Cellogel electrophoresis was carried out to determine the 
isoelectric point of the inhibitors. 5 cm long and 5 cm wide 
cellogel strips were used. Acetate buffer for pH 3.5-6, 
phosphate buffer for pH 6-8 and NaOH-glycine buffers for 
pH 8-12 were used. 10 to 20 pg of the inhibitor (in 0.1 ml 
to 0.2 ml) and dialyeed against the appropriate buffer were 
used for each run, 0.01 ml of 0.05^ Bromophenol Blue was
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added to the inhibitor before the run. The buffer concentration 
was 0.005 M, The cxarrent used was one milliamp and the time 
of the run was 15 min. After the run the cellogel strip was 
stained for 1 rain in 0.5^ Imido Black and then destained for 
5 min in 7?6 acetic acid. The movement of the protein at 
different pH values was measured and the pH at which there 
was no movement was noted as the isoelectric point of the 
inhibitor used.
Ultraviolet absorption spectrum: ^

The inhibitor was dialysed against 0.001 M phosphate 
buffer, pH 7.5 and the optical densities at various wave
lengths in the U.V, region were recorded. The same buffer 
was used as the blank. The optical factor of the inhibitor 
was the reciprocal of its absorbance at 280 nm, when the 
protein concentration was 1 mg/ml for 1 cm light path*
Molecular weight bv gel filtration:

The molecular weights of the inhibitors were determined 
by Sephadex G-50 filtration (Andrews, 1965). Sephadex G-50 
was suspended in water and was allowed to swell in a boiling 
water bath for about an hour, cooled and deaerated. A column 
(100 cm X 1.5 cm) was then packed with gel and equilibrated by 
passing several column volumes of 0.05 M phosphate buffer, 
pH 7.5 through it. 0.5 ml of phosphate buffer containing a 
mixture of 2 mg each of soybean trypsin inhibitor (21,000), 
cytochome c (13|000), myoglobin (17,000) and blue dextran and 
1000 units of the inhibitor was loaded on the column and 
eluted with the same buffer. The flow rate was 30 ^1 per 
hour and 3 ml fractions were collected. The fractions were
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assayed for the different proteins loaded. Cytocbrome c and 
myoglobin were detected by determining the absorption at 412 nra 
and 405 nm respectively. Trypsin and papain inhibitorp were 
assayed by the caseinolytic method of Sfunltz. Separate columns 
were run for the inhibitors, i graph was drawn by plotting 
the eluant volume against the logarithms of molecular weight 
from which the molecular weight was calculated.
Molecular weight-de±ermina,tIon .by g_PS-PQlvacrvladlde gel 
electrophores is;

The method of Shapiro, Yinuela and Maizel (1967) and 
Weber and Osborn (1975) was adopted.

Gels of length 10 era and diameter 0,6 cm were prepared 
containing 15?̂  acrylamide, 0.36?£ Bis, 0.1?̂  SIS and 0.05^
TMiD, 0.1 M sodium phosphate, pH 7.2 and 0.00045̂  riboflavin. 
The bath buffer used was 0.1 M sodium phosphate buffer, 
pH 7.2 containing 0.1% SDS,

One part of protein solution in 0,01 M sodium phosphate 
buffer, pH 7.2 was added to nine parts of 0,01 M sodium 
phosphate buffer, pH 7.2 containing 0.1^ SDS and 1^ 2-merca- 
ptoethanol kept in a boiling water bath (98®C). The final 
protein concentration ranged from 0.05 to 1.0 mg/ml. The 
above mixture was incubated for 4 min and cooled to room 
temperature. The ratio of to protein was always 
maintained at 3si. 10 to 20 )ag of the denatured protein was 
loaded on each gel. Dialysis was essential only if the 
ionic strength of the buffer was high or the material contained 
salts, 3romophenol Blue was used as the tracking dye. 
Electrophoresis was carried out by using 3 mllliamp per tube.
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The anodic compartment was the lower chamber. Electrophoresis 
was discontinued when the marker had reached three-fourths 
of the distance of the gel. The dye front was marked by 
inserting a thin nylon thread. Gels were fixed overnight 
in 2,5?̂  Cooraassie Blue prepared in 45^ methanol and 9?̂ glacial 
acetic acid. Destaining was carried out by using 5i» methanol - 
7.5?̂  acetic acid mixture. Insulin (molecular weight of subunit 
approximately 2,800), cytochrome c (13,000), myoglobin (17,000), 
and soybean trypsin inhibitor (21,000) were used as standard 
proteins. They were processed in a similar way. Migration of 
Bromophenol Blue was used as the reference point for each gel. 
The electrophoretic mobilities (distance of protein migration/ 
distance of dye ’tilgration) were plotted against the logarithms 
of the known polypeptide chain molecular weights, k straight 
line was obtained from which the molecular weight of the 
unknown protein was calculated,
kadm.  ̂amlyfijjs;

Three 0.2 mg samples were dissolved in 2 ml of 6H HGl 
in test tubes. The teat tubes were evacuated and sealed.
The samples were hydrolysed at 110®C for 24, 48 and 72 h 
respectively. The excess acid was removed by vacuum 
evaporation at room temperature (35®C). Evaporation was done 
thrice adding 2 ml of water each time for dissolving the 
residue.

Proline, threonine, serine and tyrosine are partially 
destroyed on hydrolysis. Hence a correction was applied by 
extrapolating to zero hydrolysis time from the data for 24,
48 and 72 h hydrolysis.



85

Tyrosine and tryptophan were determined by the method of 
Goodwin and Morton (1946) by measuring the absorbance of the 
protein at 294.4 257.15 nra and 230 nm.
Z£tlmatl02i o f tree Sri groupst

Free SH groups were assayed according to the method of 
Ellraan (1958, 1959). '.Then the protein is treated with 5-5' 
dithiobis-2-nitrobenzoic acid (DT̂ iB), the increase in
abeorbance at 412 nm is proportional to the SH content.

—1 2?iolar extinction of 13,600 M cm was used to calculate the 
thiol concentration. The accurancy of the method was checked 
with reduced glutathione,

0.1 ml of the inhibitor solution (containing (200 pg), 
0.9 ml of 10 M urea (in 0.05 M phosphate buffer, pH 7.5) 
and 0.02 ml of 0,01 were taken in a 1 ml cuvette with
10 tnm light path and the increase in absorbance at 412 nm was 
measured,
Mssociation constant:

The dissociation constant of the enzyme - proteinase 
inhibitor complex was determined by the method of Greene and 
Work (1953), An inhibition curve was obtained by adding 
increasing amounts of inhibitor to a fixed amount of enzyme 
near the equivalence point. Straight lines (dotted) are 
drawn from the base to find out the equivalence point and 
the amount of free enzyme. The residual enzyme activity 
in the presence of one equivalent of inhibitor was used to 
calculate an approximate dissociation constant for the 
equilibrium; i-I F + I, where E is the enzyme and I Is
the inhibitor. However it has to be noted that the above
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method for determination of the dissociation constant of the 
enzyme-inhibitor complexee is approximate and the values 
could differ by an order of ten, was calculated and
correlated to the theoretical plot of fractional free enzyme 
as a function of molar ratios of inhibitor to enzyme (I®)/

S’

(E®), for the indicated values of the ratio E V K ĵ. The above 
correlation gives an idea as to how firm the binding is 
between the inhibitor and the enzyme (Beith, 1973).
Performic aclij oxidation and cvsteic acid estimationt 

The total half-cystine content was determined as 
cysteic acid after oxidation with performic acid according 
to Moore (1963), followed by HOi hydrolysis and amino acid 
analysis. 0,2 - 0,4 mg of the inhibitor was used for 
cysteic acid estimation.
iQXskl:. A£.X.&£sdm.tXsmt

This was carried out by the orclnol-sulfuric acid method 
of Wlnzler modified by Francois, Marshall and Neuberger
(1962).
Partial specific volume:

Partial specific volume of the Inhibitors was determined 
from the data on amino acid analysis. The values for v for 
the amino acid residues were taken from Schachman (1957). 
Determination of degree of JiYdrQPhQblQltYt

The degree of hydrophobicity of the papain inhibitor 
was calculated from its amino acid composition. Three 

different methods were followed.

According to Fisher, the degree of hydrophobicity is
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expressed In terras of polarity ratio p, which is defined by 
the equation given belowi

P =

where and are the volumes occupied by polar and non
polar residues respectively,
Bigelow»s method: (1967)

This method gives the average hydrophobicity H 0ave 
based on Tanford's free energies of transfer of amino acid 
side chains from an organic environment to an aqueous 
environment, H {fave is the total hydrophobicity divided by 
the total number of residues* Values for the H cal/res for 
each amino acid were taken from Bigelow (1967).

According to the method of Waugh ( 1954) the degree of 
hydrophobicity is measured in terms of i.e. frequency
of non-polar side chains. iNTS ie calculated by counting the 
tryptophan, isoleucine, tyrosine, phenylalanine, proline, 
leucine and valine residues and expressing the sum as a 
fraction of the total number of residues,

Spinco Model E ultracentrifuge was used for carrying out 
analytical runs. It was provided with a phase plate -- 
Schlieren optical system and a rotor temperature Indicator 
and control device, i 4® sector 12 mm path length standard 
cell was used in sedimentation velocity runs. Sedimentation 
co-efficients were calculated from plots of logarithm of
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distance of sedimenting Ijoundary from the axle of rotation 
vereuB time (Schachman, 1957)* The sedimentation co-efficlente 
were standardised to water at 20®C (SgQ after making 
density and viscosity corrections, A partial specific 
volume of 0.73 was used.

Molecular weight determinations were made by the 
approach to sedimentation equilibrium method of Archibald 
(1947) as described by Schachman (1957). A synthetic boundary 
cell was used. The plate phase was at an angle of 60®. The 
speed of centrifugation for linear extrapolation of the 
gradient curve was calculated according to LaBar (1966),
Only readings at the air meniscus were taken. Photographs 
were taken at intervals of 15 min. Photographic plates were 
measured on a Hilger I 50 two-way micrometer.
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Table 2: Values used jCor actl-ylty caloulatlons of protelnaceB

E.C.Number Proteinases Molecular
weight

Substrate
used.

Specific 
activity of 
pure
proteinase

3.4.4.10 Papain 21,000 Casein
K.Units/mg 
5430

3.4.4.11 Chymopapain* 27,000 Casein 1920

3.4.4.12 Pic in 25,000 Casein 9300

♦Ebata et al. (1962).
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j d q  OF P A P A IN  IN T H E  A S S A Y  M I X T U R E

F IG 1 ,

p a p a i n  a c t i v i t y  a s  a  f u n c t i o n  o f  e n z y m e

C O N C E N T R A T IO N
Kunitz'e caseinolytic assay method was used. Conditions are as 
described in Materials and Methods,



91
500

30 40  50 60

T I M E  IN M I N U T E S

F I G .  2

F- APAI N A C T i V i J v  AS A F U N C T i C N  OF T i M E  

Kunitz’s caseinolytic assay method was used. 5 vtg of papain were 
used. Other conditions are as described in Materials & Methods.
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FIG . 3 ,

p a p a i n  a s s a y  u s i n g  s y n t h e t i c  s u b s t r a t e  ( B A P N A )
was c a r r i e d  o u t a t  20®C f o r  20 m in . O th e r c o n d it io n s  a re  

a s  d e s c r ib e d  i n  M a t e r ia ls  and M e th o d s. P u r i t y  o f  p a p a in  u se d  a s  

com pared w it h  th e  c a l i b r a t i o n  c u r v e  o f  I r n o n  i s  56?^.
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M 3  OF F t C i N  !M R E A C T  i ON M I X T U R E

FiG_ 4

C A S E I N O L Y T I C  A S S A Y  OF FICIN { K U N I T Z ' S  PR OC EDURE)  
Kunitz'e method of assay was used as descrlbef̂  In '̂ hapter IT, ’̂ateriala
and 'Set'iods. Specific activity of flcin - 3 ?C0 unltf/mg. fpeclflc
activity of pure ficin - 9300 units/mg.
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FIG . 5 .

"ENGLUND'S" ASSAY OF FICIN BY USING SYNTHETIC
S U B S T R A T E  ( B A P N A )

S P E C I F I C  A C T I V I T Y  OF FICIN U S E D -

0-5 MOLE BAPNA HYDROLYZED/MOLE 

SPECIFIC AC^ ' - ' Y  OF PURE F I C I N -
A (- fc A ( r~ r



C H A P T E R  III 
OCCURRENCE OF Pi\Pi\IN IMIBITORS IN PLANTS
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Section I
Occurrence of papain Inhibitors In plants 

Introduction;
As described in Chapter I (Section IV) the occurrence 

of trypsin Inhibitors in seeds, especially of Leguminosae, 
is well known. Papain inhibitor activity has been reported 
to occur in a few plant tissues, but no survey of its 
distribution has so far been carried out. In this Chapter 
the distribution of papain inhibitors in a wide variety of 
plant tissues is reported for the first time. The inhibitor 
was found to be present in seeds as well as actively growing 
cells. The inhibitor distribution in different parte of the 
plant and its variation dxiring geraination were also studied.

It is well-known that a number of metals inhibit enzyme 
activity. Hence it is important £>r the investigator, workinig 
on "protein inhibitors", to rule out the possibility of metal 
inhibition of enzymes. In the case of proteolytic inhibitors 
it is equally important to distinguish between "true 
inhibition" of the enzyme and apparent inhibition due to the 
hydrolysis of the enzyme under consideration, by proteolytic 
enzymes present in crude extracts. Hence the following 
experiments were carried out to determine the nature of 
inhibition of pacain, before proceeding to purify the 
inhibitors.
Experiment It

The crude extracts were precipitated with a:nraoniura 
sulfate at 90^ saturation. The precipitated material in each
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case was dialysed exhaustively and tested for inhibitor 
activity. The above experiment makes it less likely that 
inhibition of papain is due to small molecules,
Experiment Hi

The precipitated inhibitor samples were dialysed against 
0.01M pH 7.5 and tested for activity. In addition, the
inhibitor activity was also tested in the presence of EDT-A in 
the reaction mixture itself. The experiments rule out inhibi
tion of the enzyme by heavy metals chelated by 
]i:xp.eyAin£iit, J I I :

Crude extracts often contain proteolytic enzymes. These 
may destroy papain and cause apparent inhibition. To 
eliminate this possibility, papain was incubated with the crude 
extract for different intervals of time. The inhibitor 
activity was then determined. Proteolytic hydrolysis of papain, 
will be time dependent.
Experiment lY:

In another set of experiments papain and the crude 
extract were incubated at different temperatures (0®C, 4“C,
15®C and 35°C) for a known period and the inhibitor activities 
of the preincubated samples were determined. It was found 
to be the same in all the samples. Interaction between 
enzymes and protein inhibitors is very rapid and virtually 
independent of temperature. If the decrease in papain activity 
was due to proteolytic enzymes present in the crude extract, 
inhibition would progressively increase with increase in 
temperature.
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Experiment V:
Polyacrylamide gel electrophoresis of a partially purified 

sample was carried out in some cases. The location of the 
inhibitor was determined after elution. The above experiment 
also suggested that the inhibitor was a protein.

A papain inhibitor was shown to be present in all the 
plant tissues tested so far (Table 3 4)*

25 g of the seeds were washed several times with tap 
water, distilled water and glass distilled water to remove 
traces of preservatives which may have been added. . All 
operations were carried out at 0®C unless otherwise stated.
The seeds were soaked in a definite quantity of glass distilled 
water at room temperature (35®C) for 30 rain. The water was 
drained off and the seeds were homogenised with 25 ml of 
0.1 M potassium phosphate buffer, pH 7.5* (5 ml/g dry seeds) 
for 2 min in a Waring blendor. The extract was allowed to 
stand for 30 min, with occasional stirring and then passed 
through muslin cloth to remove the coarse particles. The 
homogenate was centrifuged at 4000 x £ for 20 min. The 
resultant supernatant liquid was dlalysed against one litre 
of O.OIfl phosphate buffer, pH 7.5 over a period of 18 h at 
4®C with two changes. The dlalysed sample was estimated for 
papain inhibitor activity.

A portion of the supernatant liquid was precipitated with 
ammonium sulfate at 90^ saturation and filtered under gravity 
after keeping for two hours. The precipitate was dissolved 
in a small volume of the same buffer and dlalysed
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exhaustively under the same conditions as mentioned above with 
several changes of buffer.

The extracts in all cases were treated with (0.01 M)
before assaying the inhibitor activity. A portion was also 
dialysed against i-DTA in the buffer and the inhibitor activity 
was determined after dialysis,

Vlgna cat.1 ang seeds were germinated for four days in the 
dark in a tray containing a layer of moist cotton at 30®C.
The whole seedlings were harvested and homogenised with 0.1 M 
potassium phosphate buffer, pH 7.5 as mentioned earlier. The 
extract was dialysed and an aliquot was precipitated with 
ammonium sulfate and dialysed exhaustively as described 
J^naliquot of the dialysed extract was also heated in a boiling 
water bath for 7 min. at 93°C and cooled immediately in an ice 
bath. The heated dialysed extract, the dialysed extract and 
the ammonium sulfate precipitated Inaction were assayed for 
papain inhibitor activity.

The inhibitor content was also determined at different 
stages of germination, Vigna cat.jang seeds were grown as 
mentioned above and harvested at 1 day intervals* The extract 
was prepared as mentioned earlier and precipitated with 
ammonium sulfate and dialysed exhaustively before testing the 
inhibitor activity. (iiHT-A treatment was also given).

In another set of experiments 4--day old seedlings were 
separated into leaves, stem and roots. Each portion was 
extracted and processed separately as above. The inhibitor 
content of the individual parts of the plant was determined. 
The Inhibitor content after heating the extracts was also
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measured,
.IlgjS,Hg....SVlly££,S!

The Inhibitor content of several callus cultures from 
plants which are maintained in this laboratory, was determined.

Callus cultures (about 3-4 weeks old) were collected 
and lyophilised. The dry weights were determined. The tissues 
were first powdered and extracted with 0,1 M phosphate buffer, 
pH 7,5 (15 ml to 25 ml buffer/gm of dry tissue) after grinding 
in a glass mortar. The homogenate was allowed to stand for 
30 min, sieved through a muslin cloth and fuged at 4000 x £ 
for 20 min. The supernatant liquid was dialysed against 
0,01 M phosphate buffer, pH 7.5. Extracts were tested for 
papain inhibitor activity with and without EDTii.

A few of the cultures were treated with ammonium sulfate 
to 90?̂  saturation, and dialysed exhaustively before determining 
the inhibitor content.

The inhibitor content of all the tissues was determined 
after heating the extracts at 93°C for 7 min.

RLbULTb AimD DlbCUBblQiN
Table 3 shows the papain Inhibitor content of the seeds 

tested with or without ammonium sulfate precipitation.
Table 4 shows the papain inhibitor content of the callus 
cultures tested before and after heating. As seen from 
Tables 3 & 4 papain inhibitor activity occurs in all the 
plant tissues tested.
Seeds;

Some of the dicots were found to be rich sources of the
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Table 3: PapMn inhibitor activity of plant seeds

Dialysed extract

Name

Precipitated 
with ammonium 
sulfate and 
dlalysed ®

Papain inhibitor activity* 
Units/g dry seeds

1 . £iM££SlUS 220 224
2. Arachis hypo^aea 640 488
3. Glycine max 690 432
4. Dolichoe biflorus 450 326
5. Cyamopsls psoralioldes 480 600
6. Vi^na catjang 600 580
7. Visna cat.ian̂  (germinated, 

fresh extract)
175 180

8. TritlcuTi vulp-are 112 47
9. Sorghum vulgare 120 87
10. Zea mays 220 260
11, Oryza sativa (polished seeds) 16 1.8
12. Oryza sativa (bran) 156 -
13. Brassica oleracea var, capitata 117 126

♦ Papain inhibitor activity represents total inhibitor 
activity.

° Mean inhibitor activity of three batches of seeds.

T h
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inhibitor. Arachis hypopaea. Glycine max and Vigna oatjang 
were found to be equally rich in this particular inhibitor,
As compared to the dicots, the monocots have a lower content 
of the inhibitor. In the case of rice the inhibitor was found 
to be present almost entirely in the bran. Polished rice 
contains only 10^ of the inhibitor as compared to an equal 
weight of rice bran.

Heating the extracts at 98®C for 7 min. had no marked 
effect on the inhibitor activity of seeds. Treatment with 
i'DTi or Incubating papain with crude extracts of the seeds 
at different temperatures for different periods did not 
result in any change in inhibitor activity. This indicates 
that metals and proteinases are not responsible for the 
inhibition since the dialysed ammonium sulfate precipitates 
retain the activity. The presence of a protein inhibitor of 
papain in all the seeds tested so far is indicated.
Tissue cultures!

In the case of callus cultures also, the inhibitor 
activity was unaffected by treatment with EDTA or by incuba
tion for varying periods with papain, before and after 
addition of the substrate. Hence it is improbable that the 
net decrease in activity of papain is caused by proteolytic 
enzymes which hydrolyse papain or by heavy metals.

As seen from Table 4 the inhibitor activity increased 
on heating in the case of the callus cultures. Since all 
the inhibitors are non-dialysable and the activity increased 
on heating it is likely that the inhibition is due to a
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protein and not due to heavy metals. The ammonium sulfate 
precipitated extracts (Table 5) also showed increase in 
activity on heating. Some of the extracts showed inhibitor 
activity only after heating. The extracts of all tissue 
cultures except Cansicum sp showed an increase in activity 
after heating. (Removal of phenolics from dark coloured 
extracts such as those from Capsicum (unpublished work), which 
showed slight inhibitor activity only after treatment with 
polyclar, is probably necessary for accurate assay.)

It is of interest that the liquid medium in which maize 
roots were grown also showed papain inhibitor activity, 
suggesting that the inhibitor is secreted into the medium.

Parthenocissus tricuspidata (normal and crowngall), 
Nicotiana tabacum (normal and crowngall), Vigna cat.jang and 
Saccharum officinarum were tested for trypsin and subtilisin 
inhibitor activities (private conimunication from Yartak). 
Subtilisin inhibitor activity was present in all the cultures 
except Saccharum officinarum, but it decreased on heating at 
93®C for 7 min. whereas trypsin Inhibitor was absent in all the 
cultures tested except Saccharum officinarum. These results 
show that the papain inhibitor is different from subtilisin 
and trypsin inhibitors,
TTOQVtf tlS,£,V,eB:

The normal and tumour tissues of Nicotiana tabacum and 
Parthenocissus tricuspidata were screened to find out if there 
was a definite marked variation between normal and tumour 
tissues. In all the cases the Inhibitor activity increased
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on heating, but no uniform difference was observed between 
the normal and tumour tissues. The inhibitor activity of 
Nlcotiana tabacum (normal) was higher than that of the 
crowngall tissue. The reverse was true of the Parthenooissus 
trlcuspldata normal and tumour tissues. However it will be 
shown in a subsequent Chapter that Ylp̂ na pat.jang seeds 
contain a large number of Isoinhibitors of papain. Further 
work is therefore required to study not merely the total 
inhibitor content but also the isolnhibltor pattern in order 
to determine whether there is a difference between normal 
and tumour tissues.

Several of the extracts of tissue cultures contained 
proteinase activity at pH 7*5, which was completely destroyed 
on heating at 98®C for seven min. The inhibitor is, however, 
stable to heating. The Increase in papain inhibitor activity 
on heating suggests that a heat labile proteinase (or a 
related protein capable of binding the inhibitor specifically) 
and inhibitor are both present in varying amounts in the 
callus cultures and that the observed activity is the 
difference between the activities of inhibitor and enzyme. 
Heating the extract destroys the enzyme and results in an 
apparent increase of the heat stable inhibitor. Preliminary 
work indicates the presence of more than one proteinase 
possibly of inhibitor in plant tissues. Further work is 
needed to isolate the specific proteinase free from the 
inhibitor.

tigs wee;
Another interesting observation was the high content



of inhibitor in differentiating tissues such as Sacoharurn 
officinarum. Brassica oleracea and Zea mays. The above 
tissues differentiate readily to form roots or whole plantlets. 
Other tissues, which contain lower inhibitor activities, 
showed no differentiation. In the case of Zea mays it was 
observed that the root culture has a higher content of 
inhibitor when compared with the callus and a part of the 
inhibitor is excreted into the medium. However in the case 
of Triticum vulgare, the undifferentiated callus was found 
to contain higher inhibitor activity than the callus 
exhibiting differentiation into roots. It is possible that 
a part of the inhibitor is excreted into the medium but 
unfortunately sufficient material was not available to study 
the inhibitor content of medium and tissue in greater detail. 
Further work is required to find out whether papain inhibitors 
have a role in differentiation of tissues.
Seedlings;

Vlgna cat.jang seedlings (Table 5) showed an increase in 
inhibitor activity on boiling whereas in the seeds the 
activity remained constant on heating. The increase in 
inhibitor activity on heating indicated the presence of an 
enzyme or protein binding the inhibitor, which was destroyed 
on heating, thereby releasing the inhibitor. Hence it was 
decided to study the inhibitor pattern with and without 
heating the extracts obtained at different stages of 
germination. The inhibitor activity decreased on the second 
day. However there was no increase in inhibitor activity on
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heating. On the third day the inhibitor activity was markedly 
reduced and was only Q% of the initial activity, but it 
increased three-fold on heating. There was an increase in the 
inhibitor activity on the fourth day, but after heating there 
was a striking increase in activity and the activity of the 
heated extract was nearly 65^ of that of the seeds.

The above changes in inhibitor pattern indicate 
destruction of inhibitor activity on the second day and the 
synthesis of a new enzyme after the second day of germination 
which complexes one or more of the isoinhibitors of the seeds. 
The increase in activity of the germinated seedlings on the 
fourth day probably indicates synthesis of a papain inhibitor. 
However more rigorous experiments and rapid methods for the 
separation of isoinhibitors are necessary to stuf̂ y these 
interesting variations observed during germination.
Localj.aa.tiQn la

The distribution (Table 7) of the inhibitor in different 
parts of the seedling was studied. The experiment was done 
with the seedlings on the 4th day of germination. Unheated 
extracts of the root showed no inhibitor activity, but 
activity appeared on heating. On the other hands extracts of 
leaves showed activity which did not increase on heating.
The unheated extracts of the stem, cotyledons and leaf had 
nearly the same activity, but the heated cotyledon extract 
showed a higher activity than the boiled stem extract. The 
stem extract showed a 50"/ increase in activity whereas the 
cotvledon extract showed a 230'̂  increase in activity on
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heating. The cotyledon extract also showed much higher 
proteolytic activity. More detailed experiments are required 
to characterise the differences in the inhibitors from 
different parts of the plant.
Conclusion:

A papain inhibitor was found to be present in all the 
seeds and plant tissues examined so far. The activity was 
found to be present in actively dividing cells such as callus 
and root cultures and germinating seeds of Vigna catjang.
In contrast the trypsin and subtilisin inhibitors were detected 
in some but not all of the callus cultures tested. The 
increase in inhibitor activity on heating extracts of 
actively growing tissues showed the presence of a latent 
inhibitor. The inhibitor was probably present as a complex 
with an enzyme in the unheated extracts and was released on 
destroying the labile enzyme by heating. The wide-spread 
occurrence of a papain inhibitor in all plant tissues which 
were tested and especially in actively growing plant cells 
suggests that it may have an important role in the metabolism 
of plant cells.
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Section I 
PurlfliiajLlQn of papain Inhibitors

Ab indicated In Chapter III, seeds of Glycine may,
Arachls hypogea etc. were found to be rich in papain 
inhibltore. Purification of papain inhibitors v?as undertalcen 
from Vigna cat Jang, since these seeds were available in 
plenty throughout the year and since the purification of other 
proteinase inhibitors from these seeds was in progress in 
this laboratory. Earlier work in this laboratory indicated 
the presence of a large number of isolnhlbitors of trypsin, 
subtilisin and papain in V.cat.jang. Two trypsin inhibitors, 
two subtilisin and two papain inhibitors were purified to 
homogeneity (Vartak, 1975). The purification of the other 
isoinhibitors of papain was carried out in the present work. 
Purification of papain inhibitors from both alkaline extract 
as well as acid extract of Vi^na catjang was carried out.
The alkaline extract contained six times more papain inhibitor 
activity than the acid extract. Both conventional techniques 
of protein purification as well as affinity chromatography 
were used to purify the inhibitor C from the alkaline 
extract. However the inhibitor was unstable on purification 
and even after 600-700 fold purification, was not homogeneous. 
The acid extract of the seeds contained five isolnhlbitors 
of papain, three of which were adsorbed on Di-AL~cellulose 
(A^, Ag and A^), and two were adsorbed on Gi-cellulose (B̂  
and Bg). They were separated from each other and purified. 
Isoinhibitor Â  wag purified to homogeneity and studied in
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detail. Inhibitors Ag and were purified by Vartak (1975). 
The isoinhibitors and Bg were partially purified and some 
of their properties studied. Isoinhibitor was found to be 
homogeneous by ultracentrifugation gel electrophoresis and 
bISj-gel electrophoresis, but contained impurities, possibly 
non-protein in nature. Table 8 indicates a brief outline of 
the purification procedure for the isoinhibitors , B^
of papain from the acid extract. The separation and purifi
cation of isoinhibitors and G are described in
this chapter.

Chromatography on OM-cellulose of the fraction precipi
tating between 0 , 3 0 and 0.90 ammonium sulfate saturation 
gave two groups of inhibitors. The unadsorbed portion 
when treated with DBAE-cellulose further separated into two 
fractions, papain inhibitors and (which was further 
resolved into two isoinhibitors and A^ on rechromato
graphy on D-fc-iii-celluloses), The two inhibitors differed in 
their elution properties. Papain inhibitor Â  was weakly 
adsorbed on cellulose and was eluted by 1 . 5 mM phosphate
buffer, pH 7.5 while papain inhibitor and A^ were eluted 
by 3 mM and 5 mM phosphate buffer, pH 7.5 respectively.
Papain inhibitor Â  was further purified by rechromatography 
on a Di-Ai-cellulose column, preparative polyacrylamide gel 
electrophoresis and treatment with immobilised trypsin to 
remove traces of trypsin inhibitor. The above procedure gave 
a homogeneous preparation. The inhibitors ^2 - 3̂ were
separated on a D-tAL-cellulose column after preparative 
polyacrylamide gel electrophoresis (Yartak, 1975).
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TABLE 8

Seed Extract 

0 - 0 - 7 0  ( NH4 ) 2  SO^ precipitate

0-30 -  0-90 (NH^l^SO^ precipitate 

CM-ceiiulose chromatography

r’opain in hihi tors ( A )
(CM ce'Uj ose jnadsorbed )

DE AF ■ celiuiose 
Batch'/;ise

AE - cellulose (column) 
( s tepwise-e lu t ion)

Papain inhibitors ( 8) ,
( CM-cellu lose adsorbed

CM -  cellulose 
Batch wise

1-5 ,Ti M
phosphate eluate 
Papain inhibitor (A,

DEAL - cei ulose 
chrom j fog rophy 
( pH grodi ' ‘ f’ t !

Preporat! ve 
polyacryiamide gel 
eiectrophores is

Treatment with 
im.mobi I ised 

trypsf n

Papain inh ib i tor(A i)

5mM phosphate 
eluate

Papain Inhibitors i P<2 '̂  A 3 )

Preparative 
polyacrylamide gel 
electrophoresis

DEAE -cellulose 
chromatography 

(concentration gradient)

iOmM phosphate 
eluate 

Papain 
In h ib i to r  

(Bi )

(Aj) ( A 3 )

— I
50 mM

phosphoN 
eluate 
Papain 

Inhibitor 
( B^) ;

Preparot ivp '■ 
polyacrytam»<fc 
gel electro
phoresis

( Bg)

ISO IN H IB ITO R S  OF PAPAIN FROM VIGN A CATJAN G
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The more basic inhibitors (i.e. thoee unadsorbed on 
Di,Ai.-cellulose) were further separated into “3̂  and Bg on 
rechromatography on Cii/I-celluloee, Papain inhibitor 3̂  was 
eluted by 10 mTJI phosphate buffer, pH 7.5 and papain inhibitor 
Bp hy 50 mM phosphate buffer, pH 7.5.
P3jriflcallQJi procedure, for nanain inhibitor :

Small scale extractions were carried out uslnp a Waring 
blendor. However this was found to be tlme-coneumlng and 
laborious for large scale extractions. Hence a power driven 
meat-mincet was used instead of a blendor and centrifugations 
were carried out in a Sharpies centrifuge. An 18 kg batch 
of seeds was processed, the initial extraction and precipi
tation at 0-0,70 ammonixra sulfate saturation being carried 
out with three batches of 6 kg each.
Step I - Extraction;

6 kg of Vigna cat jang seeds of fairly uniform size were 
washed with distilled water, glass distilled water and soaked 
in glass distilled water for 30 mln at room temperature. 
Washing of the seeds was eesential to remove traces of 
insecticides often added as a preservative. All subsequent 
operations unless otherwise stated were carried out at 0®G. 
The seeds were ground to a fine meal by passing them twice 
through a meat mincer. The ground material was extracted 
with a chilled solution, containing 30 1 of 0,01 potassium 
acetate buffer, pH 5.7, 450 g of KOI and 6 1 of 0,6 M HCl,
The final pH of the extract was 3.5. The extract was 
allowed to stand for 30 min with occasional stirring. The
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extract was then passed through muslin cloth to remove coarse 
particles. The filtrate was neutralised to pH 6 by the 
addition of 1200 ml of 2 M jiCdlCÔ and the liquid was centrifuged 
in a Sharpies centrifuge (15*000 x £). The clear supernatant 
liquid was used for the next step. (Fraction I),
Step II; Ammonium sulfate precipitation:
0-0.70 rreclpltationi

13»485 g of ammonium sulfate were added with constant 
stirring to the extract (31 1) till it dissolved completely.
The liquid was then allowed to stand for a minimum period of
1 h for the precipitation to be complete and then centrifuged 
at 13,000 X £. The supernatant liquid was discarded and the 
precipitate was stored at -20°C. Two additional batches of 6 kg 
each were similarly processed and the ammonium sulfate 
precipitates pooled. (Fraction II),
Step III; gylfatg

0.50 - 0.90 saturation; The precipitate obtained from 
the 18 kg botch (Fraction II) was dissolved in 7700 ml of 
0.025 "IL potassium acetate buffer, pH 5*7 (final volume 8400 ml, 
0.058 with respect to ammonium sulfate saturation, volume of 
the precipitate 700 ml). The ammonium sulfate saturation of 
the liquid was raised from 0.053 to 0.30 by adding 1100 g 
of ammonium sulfate (13.92 g/l00 «1). The extract was 
allowed to stand for 1 h. The precipitate obtained was 
removed by centrifugation at 18,000 x £ and the supernatant 
liquid was collected (volume 7900 ml). 3160 g of ammonium 
sulfate were added to the supernatant liquid to Increase the 
ammonium sulfate saturation to 0.90. The solution was allowed
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to stand for 60 rain and was centrlfuped at 18,000 x £. The 
precipitate was collected and dissol-ved in about 300 ml of 
0.05 M potassium phosphate buffer, pH 7.5 and dialysed against 
six changes of 5 1 of 0.01 M phosphate buffer, pH 15 over 
a period of 50 h. The supernatant liquid was collected 
(Fraction III) after centrifugation to remove a precipitate. 
Step.. II. I a.): Gliromatoĝ raTDhv on Ca-Gelluloset

10 ml of 1 M H^PO^ were added to 2300 ml of the extract 
(Fraction III) to ad;)ust the pH to 6.0. To this solution 
were then added 1200 ml of a suspension of 560 g of CM- 
cellulose (equilibrated with 0.005 M phosphate buffer, pH 6.0) 
in 0.005 M phosphate buffer, pH 6,0, The mixture was stirred 
for about 60 min and then filtered through a Buchner funnel.
The cellulose was washed twice with 4300 ml of 0.005M 
phosphate buffer, pH 6.0 and filtered. The filtrates were 
pooled and the pfi was raised to 7.5 with solid KHCO^ (Total 
volume 15,320 ml). The above liquid containing unadsorbed 
material was precipitated with 10,056 g of ammonium sulfate 
at 0.95 saturation. The mixture was kept overnight and 
filtered. The precipitate was suspended in 500 ml of 0.05 M 
phosphate buffer, pH 7.5 a«^ dialysed exhaustively against 
0.03 M phosphate buffer, pH 7.5 to remove ammonium sulfate. 
After centrifugation the supernatant liquid (volume 2140 ml) 
was collected. (Fraction IV a).
Step 17 (b); 0>A~Gellulose chromatograpJiy;

Ci-cellulose was eluted with 11,000 ml of 0.1 phosohate 
buffer, pH 7.5 and then with 4000 ml of the same buffer (volume 
15,800 ml). The above eluate was precipitated with 10,000 g of



amraonium sulfate (0.95 saturation). The eluate wap allowed 
to stand for 60 rain and filtered. The precipitate was 
dissolved in a 200 ml of 0.05 M phosphate buffer, pH 7.5 and 
dialysed exhaustively against 0,0005 M phosphate buffer,pH 6. 
The volume after dialysis was 500 ml. (Fraction IV b),
£.t£B , Y: Îhrom.atQgraiijiy. on D£A£-cellulose:

Negative adsorption was carried out to remove the 
trypsin inhibitor and other impurities, 400 g of DE-AE- 
cellulose suspended in 10 litres of 0.03 M phosphate buffer, 
pH 7.5 (equilibrated with 0.03 M phosphate buffer, pH 7,5) 
were added to 2140 ml of CM-cellulose supernatant liquid 
(inaction IV a). The mixture was stirred for about 60 rain 
and filtered through a Buchner, The Di-AE-cellulo se was 
washed twice with 6 1 to 0.03 M phosphate buffer, pH 7.5 
and filtered. The filtrates were pooled (volume 15 1) and 
precipitated with 9,750 g of ammonium sulfate at 0.95 
saturation. The liquid was allowed to stand for 60 min and 
then filtered. The precipitate was dissolved in 0,01 M 
phosphate buffer, pH 7.5, (1000 ml), and dialysed against 
buffer of the above concentration. The dialysed material was 
concentrated by lyophilization, redialysed and reconcentrated 
to a volume of 320 ml. The material was stored in 0.01 M 
phosphate buffer, pH 7.5 at -20®C and was dialysed against 
0.0005 M phosphate buffer, pH 7.5 before use. (Fraction V). 
rteu VI; Rechromatographv on IiKA.L-celluloge;

300 g of cellulo se were washed and equilibrated with
0.0005 M phosphate buffer, pH 7.5. A column (8 x 40 cm) was 
packed with this I>i'-«£-cellulose, The column was washed with
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several volumes of the above buffer. Pour such coJ,urans 
were run. 80 ml of the concentratea inhibitor solution 
(Fraction V) containing 96 x 10^ units of papain inhibitor 
and 2.65 g of protein were loaded on the column. The column 
was washed with two column volumes of 0.0005 M phosphate 
buffer, pH 7.5. The inhibitor was then eluted by successive 
addition of 400 ml each of 0.0015 M and 0.005 M phosphate 
buffer, pH 7.5. 400 ml fractions were collected. The papain
inhibitor content and protein of each fraction were then 
determined. Two isoinhibitors of papain, one weakly adsorbed 
and eluted at 0.0015 M phosphate buffer, pH 7.5 and the other 
eluted at 0.005 M phosphate buffer, pH 7.5, were obtained.
The specific activity did not increase much, but this step was 
essential to separate the two iso inhibitors. The inhibitor 
eluted at 0.0015 M phosphate buffer, pH 7.5 was processed 
further, (The inhibitor eluted at 0,005 M potassium phosphate 
buffer, pH 7.5 was purified iflixrtiier by Vartak), Fractions 
having a specific activity ranging from 80 to 100 units/mg 
were pooled and concentrated by lyophilisation, dialysed 
against water and reconcentrated by lyophilisation to a volume 
of 250 ml (Fraction VI).
Step YII; Rechromatographv on cellulose; (pH gradient)

Preliminary work done on a small scale showed that this 
iso inhibitor was strongly adsorbed on Di-AE-cellulose at 
pH 9, (0.02 M Tris). The inhibitor was not eluted even at 
a concentration of 0,1 M Tris, pH 9.4-9.5. However the 
inhibitor was eluted at a pH of 8 or less, A considerable
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amount of impurities could be removed by the above procedure 
and hence a pH gradient was used,

100 g of Di-AI—cellulose were washed and equilibrated with 
0.02 M Tris base. A column (4 x 40 cm) was packed with above 
DEAL-cellulose and washed with about two column volumes of 
0.02 ’4 Tris. The inhibitor solution (250 ml) (Fraction VI) 
containing 143 x 10̂  papain inhibitor units and 700 mg of 
protein was loaded on the column. The Inhibitor solution was 
made 0.02 M with respect to Trie by the addition of 5 nil of
1 M Tris to 250 ml of the inhibitor solution. The column 
was first washed with 2000 ml of 0.02 M Tris, pH 9 and then 
with 2000 ml of 0.1 M Tris. The washings were collected in 
fractions of 100 ml each. The inhibitor was then eluted with 
a linear gradient formed from 2000 ml of 0.1 M Tris and 
2000 ml 0.1 M Tris/iiCl, pH 7.2 buffer. 40 fractions of 100 ml 
each were collected. The flow rate was 2 ml per min. The 
pH, protein anĉ inhibitor activity of the individual fractions 
were determined and fractions having a purity of 1000 units/ 
mg of protein and above were pooled. The pooled solution was 
concentrated, dialysed and lyophilised to a volume of about
3 ml (Fraction VII),

An electrophoresis run at this stage showed the presence 
of four to five impurities. The impurities were removed by 
preparative polyacrylamide gel electrophoresis as described 
below.
Step VIII; Purification by prei)araj;l.ve polvacrvlamide gej.

£l£.Ctrg.Pj3flJ‘£^Ia?
Glass columns (2.5 x 12 cm) containing 9^ gels at pH 3.9
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were used. The gels? were washed by the procedure described 
in Chapter II prior to use. Tris-glycine buffer, pH 8.3 
and 0.002 M with respect to glycine was used as the bath 
buffer. Several such polyacrylamide columns were run.
1 ml of the inhibitor solution (equivalent to 8 mg of protein 
and 8000 units of inhibitor) in 10^ sucrose and containing 
0.1 ml of 0.05?S Bromophenol Blue was loaded at the cathodic 
end of the column, previously layered ’vith 5^ sucrose. Two 
gel eolumns were run at a time. A current of 5 mamps was 
applied and the run was carried out at 4®C for 30 to 40 h.
The marker was allowed to flow out into the anodic compartment. 
Initial experiments on a small scale showed that reloading 
the marker and taking a second run gave better resolution.
Hence the marker in 10^ sucrose was loaded at the cathodic 
end of the column and it was allowed to reach the anodic end. 
Electrophoresis was then discontinued and the gel cut into 
eight equal portions. Fach fraction was crushed and eluted 
with 0.1 M acetic acid. The crushed gel fractions were kept 
overnight and the individual fractions were estimated for 
inhibitor activity. Eight such columns were run. Individual 
fractions containing inhibitor activity were checked for 
homogeneity on polyacrylamide gels. Fractions which showed 
a homogeneous preparation were pooled. The pooled fraction 
was homogenised in a blendor to disperse the gel particles.
The crushed material was extracted daily with 0.05 M acetate 
buffer, pH 4.4 over a period of ten day?. The pooled 
extracts were concentrated, d ialysed against water and
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reconcentrated to a volume of 4 ml (Fraction VITI). The 
inhibitor was then tested for its homogeneity by gel electro
phoresis. The pooled fractions showed a single band. However 
it was found that even though the inhibitor was apparently 
homogeneous it had trypsin and chymotrypsin inhibitor activity. 
A small amount of the above fraction was then treated with 
immobilised trypsin to determine whether the papain inhibitor 
itself had antitrypsin and antichymotrypsin activities. This 
experiment showed that the trypsin Inhibitor activity could be 
removed by the bound trypsin leaving behind papain Inhibitor, 
which was specific only for papain, ficin and chymopapain. The 
antichymotrypsin activity was also removed simultaneously with 
the trypsin inhibitor. The trypsin inhibitor was recovered 
from the complex by heating the complex in a boiling water 
bath. Thus a trypsin inhibitor was also obtained in homoge~ 
neouB form. No further studies were carried out on the trypsin 
inhibitor since it was present in very small quantities and 
was not related to the ob;)ect of this thesis.
Steu IX; Treatment with imaobillged trvusln;

The fraction obtained from polyacrylamide gel electro
phoresis contained about 3000 units of trypsin inhibitor and 
20,000 units of papain inhibitor. Bovine pancreatic trypsin 
was bound to Sephadex G-200 by the method of Axen and 
Ernback (1971). A suspension of immobilised trypsin in 0.1 M 
phosphate buffer, pH 7.5 (30 ml) and containing 10,000 units
of trypsin was added to the Inhibitor solution (Fraction VIII).

«+ Ô c -
The suspension was stirred continuously for 60 min./̂  The 
suspension was then filtered through a 'Vhatman No. 1 filter
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paper. The residue was washed three times with 20 ml lots 
of 0.1 M phosphate buffer, pH 7.5. The filtrates were pooled, 
dialysed against water and then concentrated by lyophilisa- 
tion. The preparation was tested for tr3rpsin and chjrmotrypsin 
inhibitor activities and for homogeneity by gel electropho
resis. The above treatment successfuly removed the trypsin 
inhibitor impurity and a homogeneous papain inhibitor was 
obtained. This was used for the study of its properties 
(Fraction IX),
Removal cl acrvlamlde impuritieat

Polyacrylamide extracts contain non-protein impurities 
which absorb at 280 nm and also interfere in the estimation 
of protein by the method of Folin. An attempt was made to 
use BL-A£-cellulose to remove the non-dialysable impurities. 
However at high pH 9 the impurities were adsorbed along with 
the inhibitor. It was necessary to do the adsorption at high 
pH, as adsorption of the inhibitor at pH 7,5 was weak. The 
impurities were partly eluted along with the inhibitor at 
pH 7.2, Hence true protein and epecific activity of the 
inhibitor could not be determined by using routine methods.

Protein was determined by amino acid analysis, by taking 
a known dry weight of the sample. Specific activity of the 

inhibitor was found to be 4000 units/mg of protein. The 
above sample was homogeneous on gel electrophoresis and 
SDS-gel electrophoresis. The results of the purification 
of the inhibitor are shown in Tables 9 & 10. Its properties 
are described in a later chapter.
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Yields of toe Inhimtor:
It is difficult to calculate the yield of the individual 

inhibitors due to the presence of a very large number of 
isoinhibitors, The amoijnts present in the crude extract of 
each isoinhibitor are not known and hence initial specific 
activity and the degree of purification cannot be calculated 
accurately. However the recoveries on DEA£-cellulo se and on 
preparative polyacrylamide gel electrophoresis were poor and 
the reason for this is not clear since the inhibitors are stable 
over a wide pH and temperature range,' The poor recovery at 
Step III is due to defective dialysis tubing which resulted in 
loss of material.
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Section II

P u rin c a tlQ ii DX-a.c..e.̂ pre lo r  p.apaln. lnhi]3jLt.Qxg 3 .̂ ana

exflifflinaxY wofK
Oc.currence of Iso inhibitors Ln the seeds!

It is of importance to determine whether all the 
inhibitors occur in the seeds or whether they are artifacts 
due to the action of a proteolytic enzyme or other enzymes on 
one or more of the inhibitors. An extract was prepared by 
boiling powdered Vlgrna cat.jang seeds in KCl-dCl mixture for 
2 min at 93°C. The material was processed in a similar way 
upto the GiA-cellulose stage. The extract was further 
fractionated on Gi.l-cellulose which gave two groups of 
inhibitors, one of which was adsorbed and the other not 
adsorbed on CjS-cellulose. This suggests that the main groups 
of inhibitors are probably present originally in the seeds 
and are not artifacts obtained during the isolation procedure. 
Further work is required to determine whether the isoinhi
bitors in each main group are also present in the seeds or 
whether they are obtained during the purification procedure.

This section deals with the purification of the CM- 
cellulose adsorbable papain inhibitors.

A preliminary experiment was carried out to deteraiine 
whether the CM-cellulose adsorbable inhibitor (B) could be 
further purified on D£AE-cellulose.
D£AL~cellulQse t r eatment o f  C i^-cellulose e lu a tg ;

2 ml of Cli-cellulo se eluate equivalent to 32 mg of 
protein and 800 units were added to 400 mg of DLAE-cellulose
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equilibrated with 0.0005 M phosphate buffer, pH 7.5. The 
mixture was kept for 60 min and then filtered through a 
Buchner funnel and washed with the above buffer twice. The 
Dh-AL-cellulose was eluted twice with 3 ml of 0.1 M phosphate 
buffer, pH 7.5. The filtrates and eluates were tested for 
protein and inhibitor activity. All the inhibitor activity 
and protein were in the unadsorbed fraction and none in the 
eluate. The inhibitor was therefore sufficiently basic not 
to be adsorbed on Di^ii-cellulose under these conditions. The 
above experiment also shows that the above inhibitor is 
different from the inhibitors Ag and As DiAE-cellulose
chromatography gave no purification it was decided to use 
Cud-cellulose for further purification,

A small batchwise experiment on Ci^-cellulose was 
initially carried out.
P^r.c£llvlQ.se„ (g^tchwiafi,):

10 g of CM-cellulose were washed and equilibrated with 
0.001 M phosphate buffer, pH 6. A column (20 x 3 cm) was 
packed with the cellulose under gravity and washed with two 
column volumes of 0.001 M phosphate buffer, pH 6. 2 ml of
the inhibitor solution containing 63 mg of protein and 
4000 units in 0.001 M phosphate buffer, pH 6 were loaded on 
the column. The column was washed with 200 ml of 0.001 M 
phosphate buffer, pH 6. The inhibitor was eluted with baffers 
of different phosphate concentrations. The elution was first 
carried out with 200 ml of 0.01 M phosphate, pH 7.5. 25 ml
fractions were collected, the flow rate being 5 ml per 5 min.



The concentration of the buffer was then increased to 0.03 % 
and 8 fractions of 25 ml each were collected. The column was 
then successively eluted with 200 ml of the following 
concentrations 0.05 M, 0.075 M and 0.1 M phosphate buffer, 
pH 7.5. Individual fractions were tested for inhibitor 
activity and protein. 52^ of the inhibitor activity was 
obtained in the 0.05 M phosphate eluate and about 309̂  in the 
0.01 M phosphate fraction and about 15?̂  remained unadsorbed.
There was very little activity in the other fractions. The 
unadeorbed fraction was not further examined to determine 
whether it is a separate inhibitor or not. The above experiment 
showed that this fraction contains at least two Inhibitors 
with different elution characteristics. On the basis of this 
experiment, a gradient elution was carried out to confirm 
the presence of two isoinhlbltors,

■Eg,gJ3rQa,?Aag£aBJax, qil ĝ c£lI,ylQ,.££ t 
Gradient elutlon>

A column of the following dimensions was used (28 x 1.2 cm), 
the effective length being 25 cm. The column was filled with
4 g of washed CJI-cellulose equilibrated with 0.001 M, pH 6, 
phosphate buffer* 10 ml of the inhibitor solution equivalent 
to 143 mg of inhibitor protein and 10^ units in 0.001 M 
phosphate buffer, pH 6 were loaded on the column. The column

p\K
was washed with 200 ml of 0.001 M phosphate,.6,0. A gradient 
mixer containing 200 ml of 0.001 M phosphate buffer, pH 7.5 
and 200 ml of 0.1 M phosphate buffer, pH 7.5 was connected 
to the column. The concentration of the buffer was increased 
slowly and the flow rate of the column was adjusted to 5 ml

12'J



per 5 min. Eighty 5 ml fractions were collected. The inhibitor 
activity and protein of each fraction were determined. Maximum 
purity of 500 units/mg was obtained, the starting purity being 
69 units/rag of protein. The above fraction showed three bands 
on polyacrylanide gel electrophoresis, A further gradient

O nrechroraatography of the above 0.05 ^ fraction̂ Ĉi.i-celIulose column 
gave a purity of 1000 units/mg protein. However this preparation 
was also found to be inhomogeneous on aorylamide and showed a 
ma;)or band and two faint bands, Hence polyacrylamide gel electro
phoresis was carried out to determine whether a pure preparation 
could be obtained directly.

electyogJiflrgsijs:
Electrophoresis on a small scale was carried out. Gels were 

washed according to the procedure described In Chapter II, At 
pH 3.3 (9^ gels) there was hardly any movement of the protein (A 
cathodic run was carried out). 0.002 M Tris-giycine buffer was 
used ae the bath buffer and Brilliant Cresyl Blue as the marker.
0.1 ml of the inhibitor solution (equivalent 30 units of inhibitor) 
containing 0.01 ml of '̂ .055̂  Brilliant Cresyl Blue was loaded at 
the anodic end of the polyacrylamide column. The current was 3 to 
4 mamp. The movement of the bands was extremely slow and two 
bands of equal intensity were obtained. One of the two bande moved 
about 1 cm from the loading end, while the other showed no movement. 
Hence electrophoresis was carried out at low pH (4,4) using the 
method of Reisfleld (1962) with slight modifications.
Polvacrvlanlde. gel £lectrophQre.s_ls at pH ^.4;

99& washed gels were used for the run. 0.01 M potassium 
acetate buffer, pH 4.4 was used as the bath buffer, 0.1 ml 
of the solution containing BO units and 0,7 me protein was

17.0
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loaded at the anodic end of the column (0.6 x 10 cm). The 
solution was in 10^ sucrose and contained 0,003 ml of Basic 
Fuchs in as the tracking dye. The marker was allowed to 
reach alDout three fourths of the column length when electro
phoresis was stopped. The gel was stained with 0.05^ Araido 
Black and kept for 60 min and destained with 3^ acetic acid, 
Pour to five bands were seen. One of the bands moved with the 
marker and a band of equal intensity was close to it,
Another gel was run simultaneously for detection of the 
inhibitor. This gel was sliced into eight equal fractions. 
Each fraction was eluted separately with water and allowed 
to stand for 24 h after crushing the gel. The inhibitor 
activity of each fraction was determined. The inhibitor 
activity was found to coincide with the component moving 
with the marker, A control was run to correct for inhibition 
of papain by the dye or by acrylamide extract. The purified 
inhibitor was found to have the same mobility as the marker,
An important point to note here is that in unwashed gels, 
the movement of the marker as well as proteins was impeded 
by impurities from the gel and virtually no separation or 
movement of the protein bands was observed in unwashed gels. 
Hence washing was essential for rapid and effective reso
lution, On the basis of these preliminary studies the 
following procedure was used for the separation and 
purification of these isoinhibitors.
Final purification proced_ur̂ t

A batchwise QM-cellulose adsorption and elution to 
separate the isoinhibitors and the purification of one of
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them by preparative gel electrophoresis were the two steps 
adopted. Gradient chromatography on CM-cellulose was not 
adopted since it failed to give a homogeneous preparation. 
Moreover the fraction obtained by this procedure was unstable 
on storage. CM-celluloee adsorption was also done batchwise, 
since coluijn runs took too much time, Preparative polyacryl
amide electrophoresis was used as the final purification step 
since the impurities could not be removed by gradient chroma
tography on CM-celluloee. Secondly the inhibitor had a 
mobility similar to that of the tracking dye, which 
facilitated the purification of the inhibitor by preparative 
gel electrophoresis. The inhibitor obtained by this procedure 
was very stable on storage.

The procedure used for extraction of seeds (step I) and 
precipitation of the extract with ammonium sulfate at 0,70 
saturation (step II), subsequent ammonium sulfate fractiona
tion (0.3 - 0,90) (step III) and GM-cellulose chromatography 
(step IV b) were the same as for the purification of the 
Di,i»L-cellulose adsorbable inhibitor.
Step Y! ReqhrQia.a.tQm B.t2y...Oil Q,tjr,££,IIylQg.fii

Inhibitors and were separated at this step,
200 g of Cî -cellulo se were washed and equilibrated with 
0.0005 M potassium phosphate buffer, pH 6, To this 500 ml 
of the dialysed inhibitor solution (from step IV b) were 
added and kept for 60 min with constant stirring. The 
suspension was then squeezed through muslin cloth and the 
filtrate centrifuged at 4000 x £ for 30 min to remove finer
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particles of Cii-cellulose. It was then washed with 2500 ml 
of 0.001 M potassium phosphate buffer, pH 6 and eluted with 
2500 ml of 0.01 M phosphate buffer, pH 7.5. The cellulose 
was washed twice with 2500 ml of 0.01 M phosphate buffer, 
pH 7.5. This fraction (0.01 M eluate) contained the 
inhibitor. It was precipitated with amraonium sulfate at 
0.90 saturation and stored at -20“C, No further purification 
of this inhibitor was undertaken as it was found to be 
unstable on purification, A few of the properties were 
studied using this fraction after dialysis. Finally it was 
eluted with 2500 ml of 0.1 M phosphate buffer, pH 7.5 and 
washed twice with 0,1 M phosphate buffer, pH 7.5, Each 
fraction was assayed separately for papain inhibitor activity. 
The 0.1 M fractions were pooled and concentrated by lyophili- 
sation to a smaller volume and dialysed against water and 
reconcentrated to a volume of 10 ml. (Fraction V), 

gr£j.araJLi,z£..PQlyagrylfiia.Id.£. £sL,
Polyacrylamide gel columns (2,5 x 12 cm) were used, 

pH 4,4 gels were prepared and washed by the procedure 
described in Chapter II, 0,01 M potassium acetate buffer, 
at pH 4.4 was used as the bath buffer. Two gel columns 
were used each time and ten such experiments were carried 
out to collect sufficient material. 0,5 ml of the inhibitor 
solution (equivalent to 3750 units and 33 rag) in 10^ sucrose 
and containing 0,04 ml of 0.05^ Basic Fuchsin were loaded 
on each gel (earlier layered with 5% sucrose) at the anodic 
end of the column. A current of 5 mamp per tube was applied



1"^

in the beginning (14 h) and then increased to 10 raamp per 
tube. Each run took about 30 h. The marker was allowed to 
flow up to 2 cm from the cathodic end, when electrophoresis 
was discontinued. The gels were removed and each gel cut 
into eight equal portions. Each section of the gel was 
crushed separately into fine particles and eluted overnight 
with water* Each fraction was then tested for inhibitor 
activity the next day. The active fractions were tested for 
homogeneity by polyacrylamide gel electrophoresis. Those 
fractions which showed a single band were pooled, homogenised 
in a blendor and extracted daily with 0.05 M potassium acetate 
buffer, pH 4.4f over a period of ten days. The filtrates 
were collected, pooled, concentrated dialysed against water 
and lyophilised to a volume of 3 ml (Fraction VI).
ai£J2_Oi: se, ghrgaatogy^pny:

This step was essential to remove some of the non- 
dialysable acrylamide impurities, 25 g of C^-cellulose, was 
equilibrated with 0.001 M phosphate buffer, pH 6, S ml of 
the Inhibitor solution in 0.001 ^ phosphate buffer, pH 6 
containing 25 x 10̂  units were added and stirred for 60 rain. 
The slurry was then filtered through a Buchner funnel and 
washed several times to remove adhering acrylamide 
impurities. The cellulose was then eluted with 100 ml of 
0,1 M phosphate buffer, pH 7.5thrice. The eluates were 
then pooled, dialysed and concentrated by lyophilisation.
The above homogeneous preparation was used to study the 
properties of the inhibitor.

The preparation obtained by polyacrylamide gel



electrophoresis was found to be homogeneous on SDS-gel 
electrophoreels and ultracentriiugation. However the 
specific activity of the preparation was only 100 units/rag. 
Since a specific activity of 1000 unite/mg was obtained on 
gradient elution from a GM-cellulose column, when fraction Y 
was loaded it is likely that the preparation contained 
impurities which had the same mobility as the inhibitor or 
inactive inhibitor or non protein impurities which interfered 
with the Folin and spectrophotometric protein assays. Work 
on fractionation with Ci-cellulose showed that the inhibitor 
lost activity on concentration by lyophilisation. Hence it 
is possible that this fall in activity was due to inacti~ 
vation of the preparation on concentration. Attempts to 
determine its true purity were made by using immobilised 
papain. Only the active material was bound by papain.
Elution of the inhibitor was carried out by heating the 
complex at 30®C at pH 2, 40^ of the activity was recovered.
A specific activity of 1000 units/mg was calculated from 
the difference in the initial "protpln" content and the 
"protein" remaining unadsorbed by immobilised papain.
However further work is required to determine the reason 
for the low specific activity of this apparently homogeneous 
fraction.
Y ia ld s  0^ th ? ln h lh llg .r:

Ab stated earlier the true yield and increase in 
specific activity on purification could not be calculated 
due to the presence of a large number of isoinhibitors. 
Rechromatography on CM-cellulose (step 4) gave two inhibitors



Which were present in nearly equal quantities. The final 
Bpecific activity could not be accurately determined due to 
the presence of non-protein impurities. The losses on CM- 
cellulose chromatography as in the case of D£--«E-cellulose 
chromatography could not be explained. Inhibitor was 
not purified further due to its lability on purification, 
but the properties of the partially purified material were 
studied. The separation of and Bg and purification of 
Bg are shown in the table given below: (Table 11).
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Section III
£ u £ iI ig sU g n  q£ C Xrg.m alte.Iln .e  sattr^gt q£

Preliminary experiments indicated that extraction at 
pH 7.5 with 0.1 M potassium phosphate l3uffer, pH 7.5 gave 
nearly six times the quantity of papain inhibitor activity 
as compared to that of the acid extract. Hence purification 
of the inhibitor from the alkaline extract was Initially 
attempted.
Preliminary work;

100 g of seeds were washed with distilled water and 
glass distilled water and soaked for 30 rain at room 
temperature. The soaked seeds were blendorized for 2 rain 
with 500 ml of 0.1 M phosphate buffer, pH 7.5. The extract 
was allowed to stand for 30 mln and then passed through 
muslin cloth to remove the coarse particles. The filtrate 
was centrifuged at 4000 x £ for 20 mln. The clear superna
tant liquid was used for purification (volume 4-85 ml)
(Fraction I).

485 ml of the extract were precipitated at 0,9 
saturation by the addition of 300 g of ammonium sulfate 
under constant stirring. The precipitated extract was 
filtered through a Whatman No. 1 filter paper overnight.
The precipitate was scooped out and dissolved In 60 ml of 
0.05 M Tris/HCl buffer, pH 7.5. The above liquid was 
dialysed against several volumes of 0.01 M Trls/HCl buffer, 
pH 7.5 over a period of 30 h. The volume after dialysis
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100 ml of the above fraction were mixed with 100 ml 
of glass distilled water and precipitated with 0,9 ml of
2 M acetic acid at pH 5. The precipitate obtained was 
centrifuged and both the precipitate and the supernatantA
liquid were tested for inhibitor and proteinase activity.
The supernatant liquid contained all of the inhibitor 
activity, while the pro*eniase was precipitated out.
However the supernatant liquid did contain traces of 
proteinase activity. The specific activity increased from
2 to 15 units/mg of protein (Fraction ITT),
Ammonium sulfate precipitation:

178 ml of the acid precipitated supernatant liquid 
were precipitated with 135 g of ammonium sulfate at 0,9 
saturation. The precipitate was collected by centrifugation 
and suspended in a known volume of 0,05 M phosphate buffer, 
pH 7.5 and dialysed against 0,0005 M phosphate buffer, pH 7,5 
(Fraction IV),

se. shr.Qâ t.Q.grapJi,Y>
Earlier batchwise experiments with Fraction II 

(dialysed 0.90 extract) showed that the inhibitor was 
adsorbed on cellulose and eluted at 0.01 M phosphate
buffer, pH 7,5. Hence a column with the following 
dimensions 1.5 x 35 cm was packed with washed Di-A£-oellulose 
equilibrated with 0.0005 M phosphate buffer, pH 7.5. The 
column was washed with the same buffer and the inhibitor 
solution (7500 units and 250 mg) was loaded on the column.

was 256 ml (Fraction II),



The column was washed with several volumes of 0.0005 SI 
phosphate buffer, pH 7.5 and then a gradient elution between 
0,0005 M phosphate buffer, pH 7.5 and 0,05 M phosphate buffer, 
pH 7.5 was used to elute the inhibitor. Substantial purifi
cation was obtained. The purity was raised from 30 to 500 
units/mg of protein in some of the fractions. However 75?̂  
of the inhibitor activity was lost within 24 h. As the 
supernatant liquid contained traces of proteinase activity, 
the sudden loss of inhibitor activity was possibly due to the 
action of the proteinase. Hence various methods were tried 
to destroy the proteinase before proceeding with further 
purification (Fraction V).
RSSLQ 1SJL..Q t  ETO s.s.,.ag.t.Isl-ty:

The following compounds were used to see whether they 
had any effect on the proteinase activity. The effect of 
these reagents on the inhibitor activity was tested before 
testing them on proteinase activity. (1) DJT" (2) HgCl^
(3) ^CMB, DFk at even a concentration of 10 M had no action 
on the proteinase, while both HgClj and at a concentra
tion of 0.005 M destroyed only 30^ of the proteinase activity. 
None of the reagents had any effect on the inhibitor.

Heating the extract at pH 7,5 (Fraction II and Fraction I) 
and at 90®C did not destroy the proteinase activity. However 
heating the acid supernatant (Fraction III) at pH 5 at 80®C 
destroyed it. The inhibitor activity v̂ as not lost on heating 
at pH 7,5 at 90°C, The supernatant liquid after precipita
tion with acid was found to be unstable at pH 5» when not
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heated. Hence heating at pH 5 at 80®C was adopted for 
destroying the proteinase.
Streptomycin treatment of the alkali extraott

As several non-protein impurities interfered in the 
purification of the inhibitor and also to avoid dialysis 
after ammonium sulfate precipitation of the extract (step 2), 
which was extremely laborious, the extract was precipitated 
with streptomycin sulfate (1^ streptomycin base). The 
extract was prepared in 0.01 M Tris-HCl buffer pH 7.5 
instead of phosphate. When streptomycin treated extract 
was precipitated with acetic acid to pH 5, 75^ of the 
inhibitor activity was lost on dialysis in 24 h. The 
dialysate contained no inhibitor activity. However if the 
extract was adjusted to pH 5 and neutralised immediately 
there was no fall in activity. This Instability could not 
be explained. As this method was not successful it was not 
included in the final purification procedure. On the basis 
of the above results the following procedure was adopted for 
the purification of inhibitor C from the alkaline extract.
The yield of the Inhibitor was not good, A large number of 
experiments (direct extraction of seeds at 80®Cat pH 5, 
fractionation with solvents etc.) which were tried were 
ineffective in increasing the yield and hence the following 
procedure was used without further modifications.
Final T?urificatlon proĵ edure;
Step I : m r ac ti-Qjat

Two kg seeds were washed with distilled water and then
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with glass distilled water, soaked in glass distilled water 
for 30 rain at room temperature and then passed through an 
electrically operated meat mincer twice. The fine meal 
obtained was suspended in 10,000 ml of previously chilled 
0,1 M potassium phosphate buffer, pH 7,5. The extract was 
allowed to stand for 30 min at 4®C and then passed through 
muslin cloth to remove coarse particles. The filtrate was 
then centrifuged in a Sharpies centrifuge at 15,000 x £. The 
precipitate was discarded and the supernatant liquid was 
processed further (volume 9,000 ml) (Fraction I).

5,400 g of ammonium sulfate were added over a period 
of 60 min to 9000 ml of the extract to give 0.90 saturation. 
The material was allowed to stand for 2 h and then filtered 
through Whatman No. 1 filter paper overnight. The next 
morning the precipitate was suspended in 0.05 M Tris/TOl 
buffer, pH 7.5 (700 cc). The volume was one litre and the 
ammonium sulfate saturation 0.4. The precipitate was 
homogenised and filled in cellulosic casing tubings. The 
suspension was dialysed against 35 1 of 0.01 M Tris/HOl 
buffer, pH 7.5. Two changes of 85 1 each were given. The 
material was dialysed over a period of 48 h. The volume 
after dialysis was 4060 ml. (Fraction II),
£tep. H i t AcLl J f r e c l v M :

4000 ml were used for acid precipitation. The dialysed 
extract was mixed with an equal volume of glass distilled 
water (4000 ml) and precipitated with 40 ml of 2 M acetic



acid at pH 5. (If the dilution ’with water was not carried 
out there was loss of inhibitor), iill operations were carried 
out in the cold and as rapidly as possible in this step and the 
next. The precipitate was removed by centrifugation in a 
Sharpies centrifuge at 15,000 x £  (Volume 6,700 ml)
(Fraction III).

Heating at.. pH 5 at 30°C.
6000 ml were filled in dialysis tubings and the bags 

were dropped into a water bath containing about 80 litres 
of 0.01 M sodium acetate buffer, pH 5 at about 80®C, The 
material was heated for 3 min at 80®C, The tubings were 
then plunged into ice chilled glass distilled water.
Cellulesic casing was used to heat the material since the 
required temperature is attained rapidly. This was necessary 
to avoid the action of the proteinase during slow heating 
(volume 5,900 ml). (Fraction IV).

î mmonium sulfate precipitation at pH 5;
5900 ml were precipitated at 0.95 saturation by the 

addition of 4000 g of ammonium sulfate. The extract was 
precipitated without removal of denatured proteins. This 
was necessary since filtration of the ammonium sulfate 
precipitate was otherwise difficult. If the heat denatured 
protein was removed first, the volume was too large for 
high speed centrifugation. Hence precipitation v̂as carried 
out in the presence of denatured protein. The ammonium 
sulfate precipitated suspension was filtered through 
V/hatman filter paper No. 1 overnight. The precipitate was 
suspended in 250 ml of 0,05 Tris/HCl, pH 7.5 and the



whole suspension was dialysed against 0.001 M Tris/HCl 
buffer, pH 7.5. The denatured protein was removed by 
centrifugation at 4000 x £. Removal of the precipitate 
by filtration and subsequent dialysis gave poor recovery, 
(Eraction 1),
S tep  V I : _Di.Ai!.-cellul08e chrom atography (B a tch w la e ^ ;

800 ml of a suspension of Di-AL-cellulose (40 mg/ml) 
washed according to the method of Peterson and Sober were 
added to 430 ml of the inhibitor solution (Fraction V) in 
0.001 M Tris/aci buffer, pH 7.5. The volume was made to 
2500 ml with glass distilled water. The suspension was 
stirred for 60 mln and filtered through a Buchner funnel. 
The cellulose was washed twice with 1500 ml of glass 
distilled water. It was then eluted with 950 ml of 0.01 
phosphate buffer, pH 7,5. The eluates were pooled, 
concentrated by lyophillsation, dialysed against water and 
reconcentrated. (ll*actlon VI). 30% of the inhibitor 
activity remained unadsorbed. This unadsorbed fraction was 
not further studied.
Step V I I ; R e fra c t IQ m t Iq a . O ii,a , 1

A column of the following dimensions was used (1,3 x
29 cm). 25 g of washed Di-^£-cellulose were packed in a

5column. 760 mg of protein equivalent to 163 x 10 units 
in 0.0005 phosphate buffer, pH 7.5 were loaded on the 
column. The column was washed with several volumes of 
0.0005 M phosphate buffer, pH 7.5. A gradient was applied 
between 0.0005 M and 0,02 M phosphate buffer, pH 7.5. The
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flow rate was 14 nil per 16 rain. 2 00 such fractions were 
collected. The individual fractions were tested for protein 
as well as inhibitor activity. Fractions having a purity 
of 1000 unlts/mg of protein and above were pooled, lyophllised, 
dlalysed and reconcentrated to a volume of S ml (Fraction VII). 

£ephadex a-100 fractlonationi 
A column of the following dimenelons was used (100 x 

A cm). The void volume of the column as determined by using 
blue dextran was 330 ml. Sephadex G-100 was prepared as 
mentioned In Chapter II and packed after deaeration (70 g).
The column was washed with 0.05 M phosphate buffer, pH 7.5.
2 ml of the inhibitor solution equivalent to 5 rag protein

Aand 10 units in 0.05 ^ phosphate buffer, pH 7.5 were loaded 
on the column. The flow rate was 10 ml per 15 min. 120 
fractions (each 10 ml) were collected. Individual fractions 
were tested for protein and inhibitor activity. Four such 
columns were run. The maximum specific activity obtained 
by the above colu'nn was 5000 unlts/mg of protein. The 
recovery of activity was about 70?̂ . Fractions having a 
specific activity of 5000 unlts/mg of protein were pooled, 
lyophllised and dlalysed and re concentrated. 12-}

A polyacrylamide gel electrophoresis run at this stage 
showed four bands. (Two major and two minor bands).
Preliminary experiments on polyacrylajalde _gel elfi.ctrophoreels;

Unwashed gels when used gave no recoverable inhibitor 
activity. Two experiments were run eimultaneously. One gel 
was used for detecting the bands and the second to determine 
the inhibitor activity after elution. Flectrophoresis was
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run at pH S.3. 500 units were loaded on each gel. One pel
was stained with Amido Schwarz and destalned with 3f acetic 
acid. The other gel was cut into 8 equal portions and each 
portion was eluted with 0.1 W acetic acid and kept overnight 
for elution at 20"C, Pour protein hands were observed out 
of which two bands were active. One of the bands correspo
nded to 4-0?̂- and the other to 60^ of the inhibitor activity.
The stability of these fractions was tested after 10 days.
The Inhibitor having a relatively lower mobility lost all 
of its activity while the other one remained active.
Further work is necessary to determine the reason for this 
unexpected lose of activity of one of the fractions. 
Preliminary experiments indicated that the purity of a 
preparation of specific activity 5000 units/mg of protein 
was about 80^ pure on the basis of the intensity of 
staining of the different bands.

r M r llic a tif lf l  o l  In b lb ltp r  Q b.y a x x i a l t y  c ’̂ roma.tagr^BliYi

Purification of papain inhibitor C by using papain, 
immobilised on Sephadex G-200 was tried. Papain was 
immobilised according to the method described in Chapter II 
by coupling to Sephadex G-200 activated by cyanogen bromide.

The extract was prepared as mentioned in step I 
(purification from alkaline extract Section III). 10 ml 
of bound papain (equivalent to 12 x 10^ units) were 
activated by the addition of 0.2 ml of 0,5 M neutralised 
cysteine HGl and then added to 90 ml of the extract 
(11 X 10^ units) containing 0.01 HI cysteine. The suspension
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was stirred for 60 min and then centrifuged at 4000 x £ 
for 30 min. The hound material was washed several times 
with 0,02 M phosphate buffer, pH 7.5 containing 0.005 M 
LDTii. The bound inhibitor was then suspended in 30 ml of 
0,1 M phosphate buffer, pH 7.5 and the pH was lowered to 
1 by the addition of 5.75 ml of 3 M HCi, The suspension 
was kept for 20 min at ©®C and then centrifuged. The residue 
was washed twice with 20 ml and 10 ml as described above.
The eluates were pooled, neutralised with 2 M KHCO^ and 
dlalysed against 0.02 M phosphate buffer, pH 7.5. The 
unadsorbed supernatant liquid as well as the eluate were 
tested for activity. Protein in the eluate was determined 
by Folin’s method. About 50-60^ of the inhibitor activity 
could be recovered. The eluate had a high specific activity 
ranging from 3300 to 4000 units/mg of protein in different 
batches. The stability of the inhibitor was checked after 
storage at -20°C or at 0°C for about ten days. However 
the material was found to be unstable and about 15^ of the 
activity was lost in ten days. Elution at pH 2 resulted 
only in 10 to 15?̂  recovery of the inhibitor. Even though 
a thorough washing was given after binding the inhibitor, 
traces of proteolytic activity acting on the inhibitor were 
possibly present. Heating the material at pH 5 before 
elution also did not stabilise the inhibitor. It was 
thought that the excess papain (i.e. unbound papain) may be 
acting on the inhibitor when bound. Hence bound mercury 
papain was used, Hg bound papain was prepared as described 
in Chapter II. Adsorption and elution were done as



described above except that cysteine and EDTi were eliminated 
from the mixture and 0.1 M Tris/HCl was used instead of 
phosphate, All the inhibitor in the seed extract was bound 
to the Hg bound papain. However the recovery on elution 
was about 55?̂ . The solutions were dialysed against i/HTi 
prior to estimation, LDTii was also added in the assay system 
to remove traces of mercury. However the inhibitor obtained 
from the Hg bound Immobilised system also lost activity on 
storage at -20°C. Binding to S-alkgrri, papain attached to 
Sephadex G-200 was also tried and though binding of inhibitor 
was quantitative its recovery was very poor.

Since the material was found to be unstable, purifi
cation by this procedure was not continued though relatively 
good recovery and very high purification were obtained in 
a single step. The reason for the instability of the 
inhibitor after treatment with immobilised papain and 
mercury papain Is not known. In separate experiments it was 
shown that the papain inhibitor purified from alkaline seed 
extract by the procedure described earlier was quite stable 
after addition of acid to pH 1, followed by neutralisation.
The instability was therefore not due to the acid trealinent. 
Neither could it be due to residual papain activity, since 
papain was totally destroyed at pH 1 and since Hg-papain 
gave the same result as papain. The results of the 
purification of the above inhibitor by affinity chromato
graphy are tabulated in Table 13.
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Purifi.ca.tlQrL.J3.i paraln Inhibitor 0 bv affinity 
chromaton-aohv

Fraction
Total
Inhibitor
activity

Total
protein

Recovery Spec 1 fi c 
activity

Units X 10̂ mg Units/mg

Original Extract 11 130 - 6.1
Supernatant 
liquid after 
binding

0 •

Eluate 6 1.7 55 3350*

♦Protein vjas determined by Folin's method.
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Section I 
Homogeneity and specificity

General;
The seeds of Vlgna catjang contain six Isolnhlbltors 

of papain. They have been separated and characterized.
Papain inhibitors and and Bg were Isolated
from acid extracts of the seeds, while inhlhitor C.was 
Isolated from the alkaline extract. Papain inhibitor was 
purified to homogeneity and had a specific activity of 
4000 units/mg of protein. Inhibitors Ag and A^ were homo
geneous and had a specific activity of 6250 and 5000 units/mg 
of protein respectively (Vartak, 1975). Papain inhibitor C 
was purified to a specific activity of 5000 units/mg of 
protein. Inhibitors B̂  and B2 were separated and ^2 was 
purified to a specific activity of about 1000 units/mg of 
protein, 
lioffloeenfiltyi

Papain inhibitors Â  Ag and A^ were homogeneous on 
polyacrylamide gel electrophoresis and SDS-gel electrophoresis. 
Electrophoresis was carried out using 9.35̂  gels. Inhibitor 
Â  was homogeneous at pH 9.9 and 8.3 (anodic run was carried 
ovir). 20 to 30 yg of inhibitor were used for each electro
phoretic run (photograph 1), As stated earlier Inhibitor C 
even at a specific activity of 5000 units/mg of protein 
showed four bands, of which two bands had inhibitor activity. 
One of these inhibitors was found to be unstable on storage 
at -2 5®C. It is not known whether two inhibitors are



r -10 to  g r a p h  No. 1 ;  D is c  g e l  e l e c t r o p h o r e s i s  o f  p a p a i n  I n h i b l t o
1 r  •>

f'Ar

50 o f  i n h i b i t o r  p r o t e i n  
w e re  u s e d .  E l e c t r o p h o r e s i s  
was c a r r i e d  o u t  a t  pH 8 . 3  
and pH 9 . 9 .  ( a )  pH 8 . 3  and
( b )  pH 9 . 9 .  T r i s - g l y c i n e  
s y s te m  a t  pH 8 . 3  and 0 . 1  M 
T r i s  b a s e  s y s t e m  a t  pH 9 . 9  
w ere u s e d .  E l e c t r o p h o r e s i s  
was c a r r i e d  o u t  i n  9 . 3 ^  g e l s .  
M i g r a t i o n  was t o w a r d s  th e  
a n o d e . O t h e r  c o n d i t i o n s  a r e  
a s  d e s c r i b e d  i n  M a t e r i a l s  and 
M e t h o d s .

P h o t o g r a p h  No. 2 : D i s c  g e l e l e c t r o p h o r e s i s  o f  p a p a i n  i n h i b i t o r

25 ug o f  i n h i b i t o r  p r o t e i n  
were u s e d .  F I e c t r o p h o r e s i s  
was c a r r i e d  o u t  i n  9 . 3 ^  g'e'ls 
a t  pH 4 . 4  a t  3 - 4  m A / g e l .  
M i g r a t i o n  was t o w a r d s  t h e  
c a t h o d e .  O t h e r  c o n d i t i o n s  
a r e  a s  d e s c r i b e d  i n  M a t e r i a l s  
and M e th o d s .
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P h o t o g r a p h  Nq_. 4 ; ^ D S - ^ e l  _e.le c t r o p h o r e s l s  o f  p a p a i n  I n h i b i t o r s i H J
and BoAi-

s t a n d a r d  p r o t e i n s  u s e d  
a s  m a r k e r s  w ere m y o g lo b in  
-  10 Ufr, o y to o h ro ra e  c -  
10 u g  and I n s u l l n e  10 u g .  
1 0 - 1 5  ug o f  e a c h  I n h i b i t o r s  

w e re  u s e d .  E l e c t r o p h o r e s i s  
was r u n  a t  pH 7 . 2 ,  p h o s 
p h a t e  b u f f e r  c o n t a i n i n g  

SDS. S t a i n i n g  o f  t h e  
g e l s  was w i t h  C o o m a s s le  
B l u e .  O t h e r  c o n d i t i o n s  
a r e  a s  d e s c r i b e d  i n  
M a t e r i a l s  and M e t h o d s .

L I 'o s f t 'i o r t  qj- Izracki/i^

~~ P h o t o g r a p h  JJo. 5 ; I s o e l e c t r i c  p o i n t  o f  I n h i b i t o r s  and

-------
f > • jO'&

I •

IC'4- K
10 ug  o f  c o n c e n t r a t e d  I n h i b i t o r  w ere u s e d .  C e l l o g e l  s t r i p s  w ere 
u s e d  f o r  e l e c t r o p h o r e s i s .  B u f f e r  c o n c e n t r a t i o n  em ployed i n  
e a c h  c a s e  was 0 . 0 0 5  M. S t a i n i n g  was by Araldo S c h w a rz  and 
d e s t a i n i n g  by a c e t i c  a c i d .  O t h e r  c o n d i t i o n s  a r e  a s  d e s c r i b e d  
i n  M a t e r i a l s  and M e th o d s.
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present in C or whether one of the bands contains the 
inhibitor in association with a proteinase, which causes 
loss of activity of the inhibitor.

Inhibitor moved towards the cathode at pH 4*4, 
along with the marker, as a single component (photograph 2). 
The inhibitor was found to be homogeneous at pH 7 and 3.5 
(oathodic run). It moved as a single component in 15^ 
gels at pH 4.4 and at pH 7. It was also found to be 
homogeneous by SDS-gel electrophoresis and ultracentrl- 
fugation (photograph 4 & 3). The inhibitor sedimented as 
a single symmetrical peak at 59,780 rev per mln in the 
ultracentrifuge. The profiles obtained after 15, 30, 45,
60, 75 and 90 mln of ultracentrifugation showed only a 
single component. (These results are discussed further in 
the Section on ”Molecular weight”). As stated earlier the 
specific activity of this inhibitor was only 100 units/mg 
of protein whereas chromatography on CM-cellulose gave a 
specific activity of 1000 units/mg of protein suggesting 
that the preparation is not homogeneous. Further work is 
required to determine the reason for the low specific 
activity of this apparently homogeneous preparation,
SB£.giXi.sity p£ lsQj.nlaibJlt,Qrs.-oX,p,̂ Ealt][t

ill the papain inhibitors also inhibit ficin and 
chymopapain. They do not inhibit any of the serine 
proteinases such as trypsin, chymotrypsin and subtilisin. 
They show no inhibition of pepsin and fruit bromelain.

A comparative study of the inhibition of papain, 
chymopapain and ficin by the different isoinhibitors with



oiifferent substrates was carried out. The results of these 
experiments are summarised in the table given below (Table 14). 
The figures in parenthesis indicate the molar inhibition 
ratio of Inhibitor to enzyme. Molar inhibition ratio is 
the ratio of the number of molecules of enzyme inhibited by 
a molecule of the Inhibitor. ( ,  ^olar 
inhibition ratios were calculated using the specific 
activities of pure enzymes (Table 2), and inhibitors. In 
the case of inhibitor C a maximum purity of 5000 units/mg 
of protein was assumed for calculations. (Since this 
inhibitor is not homogeneous, the actual molar inhibition 
ratio for the pure inhibitor will be higher). The molecular 
weights of enzjrmes and inhibitors used for calculations are 
summarised in tables 2 and 22. Striking variations in the 
activities of the inhibitors with different enzymes, 
different protein substrates and synthetic substrates were 
observed. The results are discussed below separately with 
regard to enzymes and substrates.
Casein;

As seen from table shows high inhibition of
papain and chymopapain, but inhibition of ficin is only 
one sixth of that with the other enzymes. Inhibitors 
and show high Inhibition of papain and ficin, the 
inhibition being nearly the same. Since A^ shows only 
feeble inhibition of ficin, it is different from ^2 and A^, 
Inhibitor C shows high inhibition with papain when 
compared to but low activity towards ficin and chymo
papain, Hence it is different from Ag and A^,
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 ̂ molar ratios of 0,2 to 1.0 except for
The ratio for with ficin is only 0.13.

and B2 inhibitors show very low molar inhibition 
ratios. For 0,003 is maximum, while for B2 it is about 
0.1 - 0.2, Bg has a higher ratio with ficin than with 
papain and chymopapain, 
aefflOglQtln:

The molar inhibition ratio with hemoglobin as substrate 
is only a fifth of that with casein for with papain. 
shows no inhibition of ficin and chymopapain with hemoglobin. 
Inhibitor 0 shows lower activity with papain and hemoglobin, 
about a fourth of that with casein, none with chymopapain, 
but suprisingly with ficin it shows higher inhibition with 
hemoglobin than with casein. B̂  and B2 show marked 
differences in their relative activities with casein and 
hemoglobin. 3̂  shows more inhibitory activity on hemoglobin 
than on casein with papain, ficin and chymopapain. For 
Bg it is the reverse with papain, the inhibition is nearly 
the same with ficin and hemoglobin when compared with 
casein and Bg shows no inhibition of chymopapain when 
hemoglobin is used as the substrate,

Serbia
None of the inhibitors showed any inhibition with papain, 

ficin and chymopapain with serum albumin as substrate,
1

V

E stera se  a c t iv i t y !  ^

In h ib it io n  o f  e s te r a s e  a c t i v i t y  was te s te d  only with 

papain , BiiEL was used as the s u b s t r a te ,  shows only 

s l i g h t l y  higher m olar in h ib it io n  r a t io  with papain , for
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inhibition of esterase activity, than inhibition of caseino- 
lytic activity* But C shows only half the ratio with the 
synthetic substrate as it does with oaseinolytic activity. 
Slightly higher inhibition of esterase activity than 
caseinolytic activity is observed for the inhibitors B-j and 
Bj.
Amldase activltJft

BAPNA was used as the substrate for amidase activity, 
shows slightly less inhibition than with casein for 

papain which is the reverse of that for esterase activity,
C shows slightly more inhibitory activity with BiPNA than 
with casein (which is the reverse of that observed for 
but ^2 and show twice the. inhibition with the synthetic 
substrate than with casein for papain. Inhibition of amidase 
activity of ficln by is strikingly greater than with 
casein, nearly ten times more. shows only a third of 
the inhibition with (amidase) as it does with 3AEE
(esterase), Bj shows the reverse, the activity with BAEE is 
twice that with BAi-MA, With C inhibition of amidase 
activity with papain was similar to that with casein, and 
with ficln also the results are similar, B̂  and Bg again 
showed disimllar results with papain and ficln, B̂  showed 
twice the inhibition of caseinolytic activity than of 
amidase activity with papain, but with ficln the reverse 
was the case. With Bg there was slightly more inhibition 
of amidase activity than of caseinolytic with papain and 
ficln. The above differences in specificity show that the
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six isolnhibltors are different.
The low molar in h ib it io n  r a t io  obtained in  the case 

o f  and in h ib ito r  i s  probably due to the f a c t  that 

papain may not be s im i la r  to the endogenous enzyme present 

in  the p lan t  which i s  in h ib ited  by i t .  I s o la t io n  o f  the 

native  enzymes o f  Yigna cat.jang which are in h ib ited  by the 

papain i so in h ib i to r s  and determ ination o f  the binding 

con stan ts with those enzymes w i l l  be n ecessary  to determine 

the e f fe c t iv e n e s s  o f  these  in h ib ito r s  under p h y s io lo g ic a l  

conditions with the enzymes occurring in  the same p la n t ,  

InhlbitioiL.,Qf. aiL endogenous p ro te in ase  from the se e d lin g s  

o f  Yigna cat.lang;

Seeds of Vigna catjang were germinated and harvested 
and the extract was prepared as described in Chapter III,
It was precipitated with ammonium sulfate a± 0,90 
saturation. The precipitate was dialysed exhaustively 
against 0,01 M phosphate buffer, pH 7,5, The proteinase 
activity of the extract was determined. The inhibition 
of the proteinase by the various fractions of the acid 
extract of the seeds was determined. The results of the 
experiment are tabulated in the table given below (Table 15). 
Inhibition of the proteinase by inhibitor was low 
compared to that of the other fractions, but since was 
an apparently homogeneous preparation, the observed 
activity could possibly be due to itself, though the 
presence of traces of impurities could not be ruled out.
The D i^ i-c e l lu lo se  adsorbab le  f r a c t io n ,  contain in g  in h ib ito r s
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Inhibition of endogenous proteinase activity frog 
the seedllngB of Vlgna cat.lang

Fraction

Papain
inhibitor
activity

Germinated pro
teinase inhibitor 
activity

Ratio of 
papain inhi
bitor acti- 
vity/Germl- 
nated protei
nase inhibitor 
activity

A/ml A/ml A/ml
Unite Units Units

0 .3 0-0 ,9 0 ammonium 
sulfate precipitate 
(^ 1 ^2 -A j & ^2 ^

550 38 9

DLAL-cellulose,
0,005 M fraction 
after Sephadex a-100 
chromatography 
(Ag & 1 3 )

228 60 3.8

DiAi-cellulose 
0.0015 M eluate

200 2 100

CM-cellulose 0.05M 
eluate

200 0 0

Phosphate buffer, pH 7.5 was used for elutions.
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^2 and showed a higher inhibition of the proteinase. 
However pure preparations of the inhibitors were not 
available when this experiment was carried out. It is 
possible that the low Inhibition observed with inhibitor 

could also be due to the presence of several proteinases 
in the extract (which was confirmed by experiments not 
described here) of which only one was inhibited by The
enzyme inhibited by could be present in very small 
quantities compared to the other enzymes. No inhibition 
was observed with inhibitor Bj, The above results are 
preliminary and the instability of the proteinases in the 
extract of germinating seeds made it difficult to undertake 
separation of the proteinases and testing the individual 
enzymes with the different purified papain isoinhibitors,
Cflau?e,tJ,tlYe of nolJi .hy

Experiments were carried out to find out whether the 
binding sites of the inhibitor are common for ficin and 
papain. The details of the experiments for the inhibitors 

and Bg are given in Tables 16 and 17, The inhibitors 
after being saturated with papain could not inhibit ficin 
any further and vice versa. This shows that the binding 
site for ficin and papain is probably the same on the 
inhibitors and that the enzymes compete for the active 
site of the inhibitor. Similar results were obtained 
for the inhibitors and (Vartak, 1975). These results 
are in accordance with the ones obtained for the chicken 
egg white by Possum and Whitaker (1968) and Sen and



Qompetltlye binding of flcin and papain by 
Inhibitor Â  from Vlgna catlang

1R3

Reaction mixture 1 2 3 4 5

Papain Units 19 - 19 - 19
Papain
Inhibitor

Units - 12 12 - 12

Flcln Units - - - 26 26

Proteinase 
activity of 
the reaction 
mixt-ure (casei- 
noljiilc 
activity)

Units 19 0 7 26 33



Xablfi,.,,.1.7i Cp3P.g.AIllYg ,lalja<31n£ o>.£ n g i n „.aina..pap,a ia .j ?y

jB2..fr9!n YlsR^...saXj^m

I R i

Reaction mixture No, 1 2 3 4 5

Papain Units 32 - 32 - 32

Papain 
inhibitor Bg

Units 10 10 - 10

Ficin Units - ~ - 30 30

Proteinase 
activity of 
the reaction 
mixture 
(caseinolytic 
activity).

Units 32 0 22 30 52
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Whitaker (1973), who found that flcin and papain compete 
for the same active site of the inhibitor.
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Section II

gl ya£7-lng: cpn<?itigiafl

All the inhibitors except were fairly stable to 
heating at 80®C at pH values ranging ftora pH 3 to 10,
However the Bg Inhibitor as compared to the inhibitors 
Ag and A^ was less stable near pH 10, Bg lost about 45?̂  
of the activity at this pH. However the B̂  inhibitor is more 
heat labile and lost 50^ of its activity at all the pHs, 
when heated for 5 min. This clearly shows that is 
different from Bg. A genex’al trend observed is that most 
of the inhibitors are comparatively more stable at low values 
of pH than at alkaline pHs- The results are summarised in 
Table 18.
Stability to ethanol>

The Inhibitors again with the exception of B^, were 
found to be stable in 75/̂  ethanol at 30®C when incubated 
for 60 min. B̂  lost about 30?6 activity under these conditions 
(Table 19).
Stability to trichloroacetic acid:

A 0,325̂  solution of the inhibitor when heated in 3^ 
trichloroacetic acid at 30®C for 15 min lost considerable 
activity. Inhibitor Â  lost 655̂  of its activity and 
inhibitors B-j and Bg 339̂  and 12i» respectively. However 
inhibitor 0 retained most of its activity under these 
conditions. These results sufgest that *hile the inhibitors 
are stable to treatment at low pH, they are less stable in 
the presence of a protein precipitant under similar 
conditions (Table 20).
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D am m  isQinjii.QitQrs. ax n iix e re n t  va iu es

of pH

Inhibitore Control
(unheated)
Units

pH 2.8 

Units

pH 7.6 pH 9.9 

Units Units

pH 10.2 

Units

243 (100^) 236 (97^) 224 (92^) 216 (89f̂ ) -

■*2 16.5 (100>.) 15 (90^) 12.5(75^) 11.5 (699̂ )

14 (100?̂ ) 12 (36^) 9.5(68^) 9.0 (64^)

0 100 (100^) 90 (90f6) 35 (85^) SO (80)̂ ) -
120 (1005 )̂ 66 (55^) 60 (50?g) 60 (50X>) -

»2 256 (100?̂ ) 256 (1005̂ ) 230 (9096) 140 (54^) -

0.02?̂  solution of the inhibitor, in 0.1 M phosphate buffer, at 
different pH values, was heated at 35®C for 15 min. Inhibitor 

was heated for 5 min at 85*C. Figures in parentheses show 
percent activity remaining after heating.
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at 30 ®C.

Experiment ^2 0 1̂ B2
Units Units Unite Unite Units Units

Control (at 30*0 for 
60 min,- Ethanol)

200 - - 100 60 200

Incubated in 7 55̂ 
Ethanol for 60 min 
at 30 ®C.

180 - - 100 35 200

5̂ Activity remaining 90 - - 100 6S 100

A 0,02^ solution of the inhibitor m&B used.
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lAblg IQx TrlchlorQacetlG acia stability of papain

Experiment ^2 *3 C ®i
Units Units Units Units Units Units

Control (unheated,
-trichloroacetic
acid)

240 - - 100 60 245

Heated in 3^ 
trichloroacetic 
acid at 80®C for 
15 mln.

80 86 10 40

Activity remaining 44 - 86 17 22

A 0.02?̂  solution of the inhibitor was used.
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S t a t m t Y  o f  the Inhlhltore to area and horohv<1rld«;

A 0,02^^of each inhltfitor was Incubated with 8 M urea 
or 0,1 M Na3H^ or both at 35 ®C for 30 rain. The incubated 
mixture was then dialysed exhaustively to remove the 
additives and assayed for inhibitor activity. About 15 and 
25i> Inhibitor activity was lost in the case of and 32 
when incubated with On the other hand C lost about
45^ of its activity in the presence of urea but was stable 
to borohydride. The losses in the presence of both urea 
and NaBH^ were not significantly higher than with urea or 
borohydride alone. It was noteworthy that which showed 
the leifst stability to heating and ethanol showed no loss of 
activity in the presence of urea and borohydride. The 
absence of loss in activity in the case of inhibitor is 
explained by the fact that no disulfide bridges are present. 
In the case of inhibitor Bg which has two cystine bridges, 
it is possible that the disulfide bridges are not near the 
active site or are not required for activity. It is also 
possible that rapid reoxidation of the reduced bridges 
occurs. Further work is needed to confirm this (Table 21)*

Ag.tlon <?a.
When 0.02^ solutions of the inhibitors and Bg) 

were incubated with 30 ug of pepsin, at 35®C for 30 min, 
complete loss of inhibitor activity was observed in both 
the cases. The inhibitors are therefore highly susceptible 
to the action of pepsin.
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Table 21t UreS-and NaBH  ̂stability studies of Isolnhlbltors
g£..papala

Experiment 1̂
Units

C
Units

8l
Units

®2
Units

Urea 8 M
Control 240 420 - 245
Inhibitor + urea 180 220 - 180

io Activity remaining 75 53 - 74

0.1 M NaBH^
Control 240 420 - 245
Inhibitor NaBH,4 200 420 - 200

io Activity remaining 85 100 - 84

Control 250 1000 300 1000
InJiibltor + Urea + 185 640 330 750
NaBH.4

io Activity remaining 75 64 100 75

0.029t solution of the Inhibitor was used. The samples were 
dlalysed exhaustively against 0,01 M phosphate buffer, 
pH 7.5 before estimation of inhibitor activity. The samples 
were incubated at 35*0 for 30 mln with the a'5dltlves.
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Section III 
£liYslo:rslLemlĝ l .jropertlea

Molecular weights of the Inhibitorsi
The molecular weights of the different Isolnhlbltors 

of papain were determined by several methods, such as gel 
filtration on Sephadex G-50, SI»-gel electrophoresis and 
in the case of inhibitor Bg by ultracentrifugation.
fifll. i lltc a t lf la  on S.sB]a.ad,fi3L,gr5Q»

The inhibitors were chromatographed on Sephadex G-50 
column with marker proteins of known molecular weight 
(Ref - Chapter II), Soybean trypsin inhibitor (21,000), 
myoglobin (17,000) and cytochrome c (13,000). A plot of 
eluant volume versus log molecular weight according to the 
procedure of Andrews (1964) gave a straight line and the 
molecular weights of the inhibitors, and were found 
to be 7760 and 11,430 respectively (Pig. 7 ’ 8). The 
molecular weights of the other two inhibitors B̂  and C were 
also determined by the above procedure and were found to be 
10,480 and 11,560 respectively. Partially purified samples 
of and C were used for these studies (Fig. 9 & 10).
SDS.ggl electrophoreglg:

The molecular weights of the purified preparations of 
the two inhibitors Â  and Bg were also determined by their 
migration in SDS-gel electrophoresis, according to the 
procedure described in Chapter II (photograph 4). Standard 
proteins used were myglobln (17,000), cytochrome c (13,000), 
and insulin (2,500). A plot of log molecular weight of
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LOG or mo l_f:clu.a k  wt-iofn'

FI G 7

M O L E C U L A R  W E I G H T  OF P A P A I N  I N H I B I T O R  A

e v  G E L  F I L T R A T I O N

1
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or MOl FC:il 
FIG 8

AK w t: IG H ;■

M O L E C U L A R  W E I G H T  OF P A P A I N  I N H i B l T O R  Bp

BY G F L  f i L T R A T I O N
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LOG OF M O L E C U L A R  WE I GHT  

F I G  9

MOLECULAR WEIGHT OF PAPAIN INHIBITOR B

BY GEL FILTRATION
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marker proteins against relative mobilities (Rm) yielded a 
straight line. The molecular weights of the two Inhibitors 
were found to be 7670 and 5500 respectively for and Bg 
(Fig. 11). The value obtained for the Bg Inhibitor was found 
to be exactly half of that obtained by ultracentrifugation and 
gel filtration, within the limits of experimental error. The 
inhibitor appears to exist'' as a dimer and the monomers 
observed on SDS-gel electrophoresis are either identical or 
are non-identical, but with the same mobility,

..weight detfiialnatiafl by
The molecular weight of the Bg inhibitor was determined 

by the approach to equilibrium method of Archibald (1947).
A synthetic boundary cell was used. A value of 0.73 ml/g 
was used for partial specific volume, A 1?̂ solution of the 
inhibitor containing 4.5 rag in 0.1 M phosphate buffer, pT 7.5i 
was used for the run. Other experimental conditions were a 
calculated value of 16,200 revolutions per min, temperature 
23®C and the movement of the boundary recorded by Schlieren 
photographs at 15 min intervals. The sedimentation constant 
was found to be 1.4 S. A value of 9855 for the molecular 
weight was obtained. This value is about 10^ less than that 
obtained by gel filtration and is approximately double the 
value obtained by SI&-gel electrophoresis. Unfortunately 
enough A.j inhibitor was not available for ultracentrifuge 
studies. The data on molecular weights of the isoinhibitors 
of papain by different methods are Bummarised in Table 22,
The papain inhibitor from rabbit skin was found to have a 
sedimentation constant of 1,2 S.
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Legend for Figure NuTibers - 7. 8. 9 and 10;

A sample in 0,05 M phosphate buffer, pH 7.5 v?as applied 
to a Sephadex G-50 column. Markers used were soybean 
trypsin inhibitor, myoglobin and cytochrome c. Other 
experimental details are as described in Materials and 
Methods,

Legend for figure Number - H i

99̂ gels were used In SIS buffer system, pH 7.2, 
Conditions are as described in Materials and Methods. 
Markers used were myoglobin, cytochrome c and Insulin 
treated with thioethanol and SH6,
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iBoelecti’lo PQlntft
The isoelectric point of papain inhibitors and Bg 

were at pH 6,9 and 10,6 respectivelj (photograph 4). The 
isoelectric point of the papain inhibitor from rabbit skin 
was at pH 6.6.
Absorption BPectrumt

The ultraviolet spectrum of papain inhibitor Bg is shown 
in Ilg. 6. The figure represents the characteristic 
absorption spectrum of a tsrpical protein. No other peaks 
were detected, indicating the absence of nucleotides. The 
presence of other ultraviolet absorbing material which also 
interferes with the protein estimation by the Folin's method 
cannot however, be ruled out in view of the unusually low 
specific activity of 100 units/mg of protein for this 
preparation, whereas a less pure preparation obtained by 
Cii-cellulose chromatography as discussed earlier had a 
specific activity of 1000 units/rag of protein. Papain 
inhibitor Bg shows a maximum absorption at 275 nm and a 
minimum a± 250 nm and the 280/260 ratio was 1.43 aa compared 
to a ratio of 1.80 for most proteins. The optical factor
i.e. the reciprocal of the obsorbance at 280 nm for a
1 mg/ml scauiion for Bg was 1,1.

Anlaa .acid .c.pm3gggi1;j.gn»
The results of the amino acid analysis for the two 

inhibitors and Bg are shown in tables 23 and 24.
However the data on amino acid analysis of the 3g inhibitor 
has to be interpreted with caution. Hydrolysis of the 
inhibitor was carried out for 24 h and 48 h as described in
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Chapter II and the values for the amino acids were then 
extrapolated to 0 h* A distinct difference is observed in 
the amino acid composition of the two inhibitors. Papain 
inhibitor has a total of 61 residues and the calculated 
value of 8560 for the molecular weight of the inhibitor lain 
agreement with that of 7760 and 7674 as determined by gel 
filtration and SDb-gel electrophoresis respectively* A 
mole of the inhibitor contained one mole of half-cystine and 
two moles of methionine, is very similar to the subtilisin 
inhibitor from Yî na. catjang which also contains only one 
mole of half-cystine (Vartak, 1975). The inhibitor was 
found to be rich in histidine, glycine, alanine aspartic 
acid and threonine. Tryptophan could not be determined as 
enough material was not available. (^T^Ue 23^

The Bg inhibitor had a total number of 40 amino acid 
residues, which corresponds to a minimum molecular weight 
of 59CO for the protein on the basis of amino acid analysis.
The inhibitor was found to contain one mole of carbohydrate 
per mole of protein (calculated as hexose). Hence the true 
molecular weight should be greater than 5900. The molecular 
weight by gel filtration was 11,430 and by SDS-gel electro
phoresis it was 5500. The inhibitor contains 4 half-cystine 
residues and one mole of methionine. The inhibitor has a 
predominance of aspargine, glutamine, lysine and arginine,
5 moles of aspartic acid and 3 moles of gluatamic acid 
per mole of inhibitor are present, A noteworthy observation 
is the absence of histidine, while is rich in histidine. 
Amino acid analysis showed a very low value of t y r o s i n e 2 ^ ^ .
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Table 23: acid analysis ojf nanain inhibitor from

Amino acid
;amole/0.0931 
rag sample

Residues/mole Assumed 
calculated nearest

integer

Aspartic acid 0,0704 5.870 6
Threonine 0.0677 5,650 6
Serine 0.0549 4.585 5
Glutamic acid 0.0502 4.194 4
Proline 0.0241 2.013 2
Glycine 0.0837 6.984 7
Alanine 0.0769 6.418 6
Half-cystine® 0.00766 0.6384 1
Valine 0.0260 2.173 2
Methionine* 0.01694 1.767 2
Isoleucine 0.0146 1.217 1
Leucine 0.0208 1.738 2
Tyrosine 0.0197 1.648 2
Phenylalanine 0.0066 0.5487 1
Lysine 0.0635 5.303 5
Histidine 0.0914 7.626 8
Arginine 0.0153 1.276 1
Tryptophan •» - -

Asparagine 0 0 0
Glutamine 0 0 0

Values for amino acids are the values extrapolated to 0 h.
Only 0.3439 mole of ammonia was obtained and hence very
little or no glutamine and asparagine were present, 
®Half-cy8tine and methionine were determined by performic 
acid analysis.
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Amino acid
;amole/0,950 
mg sample

Residue/mole
calculated

Assumed
nearest
integer

Aspartic acid* 0.8511 4.937 (5) 2
Threonine 0.4737 2.748 3
Serine 0.4522 2.872 3
Glutamic acid* 0.4357 2.527 (3) 1
Proline 0.4143 2.403 2
Glyc ine 0.7238 4.199 4
Alanine 0.5549 3.218 3
Half-cystine® 0.6367 3.692 4
Valine 0.3147 1.825 2
Methionine® 0.0879 0.5090 1
Isoleucine 0.3626 2.003 2
Leucine 0.4142 2.402 2
Tyrosine 0.0431 0.250 (0) 1
Phenylalanine 0.0974 0.565 1
Lysine 0.3077 1.784 2
Histidine 0.0652 0.378 0
Arginine 0.2929 1.698 2
Tryptophan — - 0
Asparagine - - 3
Glutamine — 2

Values for the amino acids are the values extrapolated to 
0 h. Tryptophan and tyrosine were determined by the spectro- 
photometric method of Goodwin and Morton (See Chapter II),
* 51\imber of residues of aspartic acid and glutamic acid 
per mole of the inhibitor is 5 and 3 moles respectively, 
iieparagine and glutamine were obtained by alloting the 
number of NH^ residues according to the percentage ratio of 
aspartic and glutamic acid present in one mole of the 
inhibitor. 5 moles of ammonia were liberated and were 
allotted in the ratio Asp3, Glu-2,
® Half-cystine and methionine were determined after 
performic acid oxidation.
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However the spectrophotometrlc method of Goodwin and florton 
(1946) showed one residue of tyrosine and no tryptophan. 
Partial destruction of tyrosine on acid hydrolysis of glyco
proteins has been reported (Lugg, 1938), Hence it is possihle 
that the low values of tyrosine could be due to the presence 
of a sugar moiety.
Partial specific volumet

The partial specific volume was calculated for inhibitor 
according to the method of Cohn and Edsall (1943) from the 

weight percentages of the Individual amino acid residues and 
their respective specific volumes. The partial specific 
volume was calculated to be 0,75 ml/g from the amino acid 
composition of the Inhibitor and the apparent specific volumes 
of the amino acids. Table 25 gives the calculation of 
partial specific volume for the inhibitor,

gronpg:
Treatment of 0,2 mg of the inhibitor Bg with 18^ urea, 

followed by spectrophotometrlc titration with DTfiB yielded 
no colour, suggesting the absence of SH groups in the 
inhibitor. This is in agreement with amino acid analysis as 
an odd number of half-cystine residues was not present and 
the four half-cystine residues could account for two disulfide 
linkages* Unfortunately sufficient material was not available 
for the determination of the SH groups of the inhibitor
Pete?Taifla.U,oB. .olsrs ggotips»

These were determined in B2 and inhibitors by 
performic acid oxidation followed by hydrolysis and amino 
acid analysis for half-cystine. As stated earlier was
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Viffna catjanp
■ A W  Jk Ih'SA ^  a. '1--~

Amino acid 
Residue

No. of 
res idues/ 
mole of 
Inhibitor

Wi
Amino acid 
residue per 
100 g of 
protein, 
(weight 
percent)

V i
Specific 
volume of 
residue

_  V i  Wi 
vi X Weight 
percent

Aspartic acid 6 9.674 0.59 5.804
fhreonine 6 7.816 0.70 5.471
Serine 5 5.610 0.63 3.534
Glutamic acid 4 6.655 0.66 4.391
Proline 2 2.502 0.76 1.902
Glycine 7 5.148 0.64 3.296
Alanine 6 5.496 0.74 4.067
Half-cystine 1 2.864 0.63 1.748
valine • 2 2.556 0.86 2.198
Methionine 2 3.845 0.75 2.884
Isoleucine 1 1.457 0.90 1.311
Leucine 2 2.915 0.90 2.623
Tyrosine 2 4.206 0.71 6.863
Phenylalanine 1 1.897 0.77 1.461
Lysine 5 8.279 0.82 6.784
Histidine 8 14.150 0.67 9.454
*Asparagine 0 0 0.60 0
Glutamine 0 0 0.67 0
•Arginine 1 2.013 0.70 1.409

61 87.033 65.201

Partial specific -volume of the inhibitor was calculated as 
follows (Ref. Chapter III)

^ W i  V i  = 65.201 

65.201/87.085 = 0.75 ral/g

= 87.083
V p  = " ^ i  V i /  { w i

Values for v for the amino acid residues were taken from 
Schachman (1957).
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found to contain one mole of haiLf-oystine per mole of the 
inhibitor, Bg was found to contain 4 residues of half-cystine 
per mole of the inhibitor corresponding to 2 disulfide 
bridges,

£BtAaa.Uflfl gX
Tyrosine and trjrptophan were determined by the method 

of Goodwin and Morton (1946) for inhibitor Bg. 0,66 mg 
of the inhibitor on dry weight basis was taken in 1 ml of 
0,1 M NaOH and the absorbance of the Inhibitor at 294*4 nm,
280 nm and 305 nm was recorded. Calculations based on the 
data show that the inhibitor contains 0,4 mole of tryptophan 
and 0.9 mole of tyrosine per mole of the inhibitor. The 
absence of tyrosine by amino acid analysis after acid 
hydrolysis has been described earlier. In view of the 
possible presence of non-protein ultiraviolet absorbing 
material in the preparation those results need independent 
confirmation (Table 26),
Total oarbohvdratei

The Bg inhibitor was found to contain 0,61 mole of 
sugar per mole of the inhibitor. Total carbohydrate was 
determined by the Orcinol-sulfurlc acid method (Francois 
et al., 1962). 1,41 mg of the inhibitor on dry weight basis
was used for analysis and was found to contain 0,028 mg 
of hexose. Glucose was used as the standard. This is 
equivalent to 0,61 mole of hexose per mole of inhibitor 
for a molecular weight of 5500,

It was also observed that a part of the inhibitor 
present in the CM-cellulose eluates containing (B̂  and Bg)
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Goodwin, and Morton’s method. UV absoxbance
of na-oaln inhibitor in 0.1 M HaOH.■■■■ ......  c

Wavelength Absorbance
nm CD

257 0.514
280.5 0.424
294.4 0,372
305 0,148

0,660 mg of the inhibitor per ml of 0,1 M NaOH v»as 
used for the assay.
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was bound by Con A Sepharose and a lectin from Nata beans, 
GM-cellulose eluate (Fraction Step 17 b) was treated with 
Con A Sepharose and the lectin ftora Kata beans separately in 
the presence of Mg'*”*', Mn'̂ '̂  and Ca*̂ "̂ , The ratio of protein 
to lectin was 1:0,5 in the former and 1i1 in the latter. The 
mixture was incubated for 30 min at 35®C, The filtrates 
were dialysed and estimated for inhibitor activity. It will 
be seen that part of the inhibitor activity is precipitated 
out by the lectin. The results of elution of inhibitor from 
the precipitate with 0.5 M methyl 3)-glucose (for Con A 
Sepharose) and 0.5 M glucose for (Nata bean) are shown in the 
Table, Dissociation of the lectin bound inhibitor was 8-15^ 
(Table 27), These results further confirm the presence of 
a glycoprotein inhibitor in the CM-cellulose adsorbable 
fraction. It was, however, observed that the addition of 
Con A or the lectin ftom Nata beans to the reaction mixture 
had no effect on inhibitor activity of and 
Degree of hydrophobicity>

The degree of hydrophobicity of papain inhibitor in 
terms of average hydrophobicity H0, polarity index p,
(Fisher, 1964) and the frequency of non-polar side chains 
(Waugh, 1954) was computed from the amino acid composition 
of the inhibitor, as shown in table 23, The above results 
indicate the molecule to be fibrous in nature, All the 
three parameters are in agreement with each other. Globular 
proteins generally have an average hydrophobicity of 
1000-1100 cal. The average value for NPS for globular
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£ 2 j n . f e - P £ . J i  a n d  P r ,s . _ w i t h „ . l  ,1 np,

Lectin
used

Ratio of 
protein 
to lectin

Original
activity

Filtrate
activity

Eluate
activity

^ Bound 
Activity activity 
bound eluted

Unite Units Unite

Con A 
Sepharose

I1O.5 600 405 35 37 17

Nata
beans

1:0.5 400 230 42

1 ;1 400 220 15 45 8
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XcQifl Yigna.. a t̂Jang

Amino acid Number of 
residues

Volume (A^) H0 (cal)

Ngfl PQlflg
Tryptophan
Isoleuclne
Phenylalanine
Proline
Leuc ine
Valine
Methionine
Alanine
Glycine
Half-cystIne

1
1
2
2

2
2
6

7
1

102.0

113.9
147.2 
204.0

170.2 
195.4 
315.6 
254.1
68.3

1570 ,'7

2950
2650
5200
4800
3400
2600
4500

1000

Polar 
Tyrosine 
Lys ine 
Arginine 
Threonine 
Serine 
Histidine 
Aspartic acid 
Glutamic acid

2
5 
1
6

5 
8
6 
4

eT

232.4
525.5 
109.1
427.5
274.5 
735*2 
410,4 
338.8

5700
7500
0750
2700

The amino adds are classified as polar and non-polar according 
to Fisher’s definition.
iit'S is calculated according to Waugh's method by adding the total 
number of residues of trp, lie, tyr, phe, pro, leu and val and 
expressing the sum as a fraction of the total number of residues: 

APS « 10/61 = 0.1640
*p* is the ratio of polar volume to non-polar volume

= 3053.1/1570.7 « 1.945 
H?(ave is the total hydrophobicity divided by the number of residues

= 43,750/61 = 717.3
The above results do not take into consideration tryptophan as 
sufficient material was not available to determine it.
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TQJiie. oi__n.varor>noDiciTiee lor Bome Known riDroua
fo.iL£gjaB.̂ yls,OB

* Protein E0aye P H.P.S,

Tropomyosin Pinna nobilis 870 1.79 0.23
Rabbit skeletal 370 1.94 0.20
Squid 770 2,14 0.18

L-mferomyosin 920 1.72 0.25
H-Merorayosln 1060 1.26 0.30
Collagene - Soluble oC-fraction 

from
Calf Bkin 940 0.39 0.29
Spongin B 810 1.15 0,24
Sturgeon swim 
bladder

1090 0.92 0.25

Bovine ear 1120 0.26 0.40

Papain inhibitor from 717 1.94 0.164
Viprna catjang

♦Data taken from Bigelow (1967).
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proteins is 0,3. A polarity ratio of about 1 indicates that 
the molecule is globular. Table 29 coraparee the values of 
the three parameters with some known soluble fibrous 
proteins.



m a^Q Clatlon  constanta o f  the In h ib ito r  enzvnie comt)leY and

DlB8Q0latiflB. CQB8t,^ntS»

DlBsoclatlon con stan ts  fo r  the two In h ib ito r  complexes 

and Bg were determined, according to the method o f  Green 

and Work (1953) u sin g  c a se in  a s  the s u b s t r g te .  The re a c t io n  

between In h ib ito r  and papain was complete within 5 mln 

(Incubation  o f  In h ib ito r  and papain fo r  longer per iod s did 

not Increase  the In h ib ito r  a c t i v i t y .  Sh o rter  per iod s o f  

Incubation were not t e s t e d ) .  The d i s s o c ia t io n  constants 

a t  pH 7.5 were found to be 2,34 x 10“^M and 4.3 x 
r e s p e c t iv e ly  fo r  the ccwBplcxes o f  and Bg with papain .

( F ig .  12 and 13)* The d is s o c ia t io n  constant reported  fo r  

the chicken egg white complex with f i c i n  was 1.47 + 0,68 x 10 M 

using £-nitrophenyl benzyloxycarbonyl g ly c ln a te  as the 

su b s t r a te .  As seen from the graphs, the d is so c ia t io n  

curve i s  a rec tan gu lar  hyperbola with a break near the 

equivalence p o in t . This i s  observed in  the case  o f  

complexes having a very low d i s s o c ia t io n  constant and 

d is s o c ia t io n  i s  detected only a f t e r  the enzyme i s  nearly  

sa tu ra te d  with the in h ib ito r  i . e .  near the equivalence 

p o in t*  I t  should be emphasised however th a t  t h i s  method 

i s  only approximate though i t  has been widely used fo r  the 

study o f  p ro te in ase  In h ib ito rs  due to i t s  s im p l ic i ty  and 

the requirement o f  only sm all amounts o f  in h ib ito r .

19(5

Section IV
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■ConLPlex formation and dissociation of the uapaln-inhlbitor 
jaaaiilfizi

The following experiments were carried out with eoluble 
papain. The inhibitor was heated with an equivlent amount 
of papain to form a etoicheimmetric complex. Dissociation 
of the enzyme-inhibitor complex was attempted by several 
methods. The results sure tabulated below (Table 30). From 
the data it will be seen that for both the inhibitors and
Bg, heating the complex at pH 7.5 did not result in any 
dissociation of the complex. In the case of inhibitor 
no diesociation occurred at pH 2 at 30®0. However only 
partial diseociation of the complex was obtained on heating 
it at pH 2, When the pH was lowered to 1, the inhibitor was 
quantitatively released. In the case of inhibitor Bg, 
inhibitor activity was completely restored when the complex 
was heated at 95°C at pH 2, Partial dissociation was 
obtained when the incubation was carried out at pH 2 for 
20 min at 30 ®C. The above results show that the inhibitor- 
enzyme complex is stabler at pH 2 than the Bg inhibitor- 
enzyme complex. A peculiar observation was that if the 
inhlbltor-papain complex was directly adjusted to pH 2, 
incubated for 20 min and then neutralised, 20^ inhibitor 
activity was recovered, but if the complex was first heated 
at pH 7.5,95®C and then kept at pH 2 for 20 min and then 
neutralised no activity was recovered, (Expts. 3 ft 4 with 
Bg in Table 30). This observation is surprising since 
separate experiments showed that boiled papain does not

198
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combine with the inhibitor.

Earlier experiments with immobilised papain and inhibitor 
C as described in Chapter I? showed that dissociation occurs 
only at pH 1, E^en at this pH only 50^ activity is released. 
In the case of inhibitor Bg dissociation of the inhibitor 
bound to immobilised papain occurs only v?hen the pH is 
lowered to pH 1, Only dissociation is obtained at |>H 2, 
This is in contrast to the results obtained with soluble 
papain (Refer table)* Difficulty in obtaining dissociation 
of ficin-papain Inhibitor complex was reported by Sen and 
Whitaker (1975) with the chicken egg white inhibitor. They 
failed to obtain dissociation with 205  ̂glycerol, 9M urea 
at pH 3, or tetrathionate, Binding of the inhibitors by 
inactive papain derivatives will be disscussed under 
"mechaniBum of inhibitors",

An Interesting observation worth mentioning here, is 
that unlike papain-inhibitor complexes which are difficult 
to dissociate at pH 7.5» at 95®C the coipplex of inhibitor 
and enzyme (or other protein) from tissue culture and in 
germinated seedlings dissociates on heating as is apparent 
from the increase in inhibitor activity after heating the 
extracts of plant tissue cultures or germinated seedlings. 
This shows that the enzyme or other protein in the above 
cases is quite different from papain.
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S e c t io n  V

M£chanl&^TL. o f  a c t io n  o f  papain In h ib ito r  

Flnkenstadt and Laekowskl (1965) have shown that when 

some o f  the try p s in  and chymotrypsln In h ib ito rs  were 

Incubated with c a t a ly t i c  q u a n t i t ie s  o f  the corresponding 

p ro te in a se ,  m od ification  o f  the In h ib ito r  occurred by the 

cleavage o f  a peptide bond a t  the r e a c t iv e  s i t e  o f  the 

In h ib ito r ,  I t  was suggested  th a t  t h i s  s tep  was e s s e n t ia l  

fo r  complex formation between the In h ib ito r  and the 

p ro te in a se .  So f a r  no work on the m o d ifica tion  o f  a papain  

In h ib ito r  during re a c t io n  with the enzyme has been rep orted . 

I t  was o f  In te r e s t  to  see whether m o d ifica tio n  o f  a papain 

In h ib ito r  occurs and whether I t  I s  a p r e re q u is i te  fo r  complex 

form ation. The In h ib ito r  used f o r  these s tu d ie s  was the Bg

in h ib i to r .  The in h ib ito r  was incubated with c a t a ly t i c

amounts o f  papain a t  acid  pH 3 .5 *  (0 ,5  ml equ iva len t to 

300 u n its  o f  papain in h ib i to r  (300 )ig) and 15 u n it s  o f  papain 

(2 ,8  p g ) ) .  The pH o f  the mixture was lowered to 3 .5  by the

ad d it io n  o f  4*5 jimoles o f  GSĤ  -liGi: which a l s o  served the

purpose o f  a c t iv a t in g  papain , A con tro l experiment wherein 

papain was omitted from the r e a c t io n  mixture was a lso  run 

sim ultaneously . The re a c t io n  mixtures were incubated fo r  

18 h a t  30“C, n e u tra lise d  with 4 ,5  pmoles o f  T r is  base and 

assayed fo r  the in h ib i to r .  The above Incubated mixtures 

w i l l  be designated a s  fo llow s; 'R eaction  mixture N’ where 

there i s  no papain and "R eaction  mixture M" wherein the 

in h ib ito r  i s  incubated with c a t a l y t i c  amounts o f  papain .

For the a ssa y  o f  the in h ib ito r  0,1 ml o f  each re a c t io n
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mixture was d ilu ted  to 1 ml a f t e r  n e u t r a l i s a t io n  and 

a l iq u o t s  were taken fo r  a s s a y .  The in h ib ito r  was incubated 

fo r  15 and 30 min with papain and then c a se in  so lu t io n  was 

added to s t a r t  the r e a c t io n .  The r e s u l t s  showed th a t  in  

both c a s e s ,  •’ Reaction mixture N” and ’ Reaction mixture M’ 

there was no change in in h ib ito r  a c t i v i t y .  I f  m o d ifica tion  

had occurred and the modified in h ib ito r  i s  l e s s  a c t iv e  than 

the n ative  in h ib ito r ,  ” Reaction mixture M” should show l e s s  

in h ib ito r  a c t iv i t y ,  and on incubation should g rad u a lly  

re g a in  i t s  in h ib ito r  a c t i v i t y  i f  the m o d ifica tion  i s  

r e v e r s ib le  at higher pH, The above r e s u l t s  in d ica te  th a t  no 

m od ification  o f  the in h ib ito r  had occurred s im ila r  to th a t  

o f  the try p sin  in h ib i to r .  However i t  i s  p o s s ib le  th a t  the 

modified in h ib ito r  may have the same a c t i v i t y  a s  the m t iv e  

in h ib i to r .  Further work i s  needed to determine whether a 

peptide bond in  the in h ib ito r  i s  cleaved by papain .

Temporary in h ib ition t

Temporary in h ib it io n  i s  one o f  the mechanisime by 

which the a c t iv i t y  o f  a p ro tc o ly t ic  en?:;:,TTie can be blocked 

tem porarily . This phenomenon has been observed in the case  

o f  the pancreatic  se c re to ry  trjrpsin  in h ib i t o r s .  Trypsin 

a c t iv i t y  reappears a f t e r  prolonged incubation o f  the complex. 

Papain in h ib ito r s  were te s te d  fo r  temporary in h ib it io n .  

In h ib ito rs  and Bg were incubated with eq u iva len t amounts 

o f  papain a t  30*0 fo r  24 h to determine whether the 

in h ib it io n  i s  temporary or not. 20 u n its  o f  each in h ib ito r  

were taken se p a ra te ly  and incubated with 20 u n its  o f
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a c t iv a te d  papain fo r  24 h. The complex was then re a c t iv a te d  

with cyste ine  before e stim ation  fo r  r e le a s e  o f  papain 

a c t i v i t y  i f  any. No papain a c t i v i t y  was detected in  e ith e r  

c a se ,  thereby showing th at  the in h ib i to r s  were not degraded 

with r e su lta n t  r e le a s e  o f  papain from the complex. Longer 

p er io d s  o f  incubation o f  the complex were not t r i e d .

Since no m od ification  o f  the in h ib ito r  was obtained i t  

was o f  in te r e s t  to d e te i^ in e  whether enzyraically in a c t iv e  

d e r iv a t iv e s  o f  papain w i l l  combine with the in h ib i to r .  The 

mercury d e r iv a t iv e  a s  w e ll a s  S-carboxy amldo methylated 

papain were used. They were used as Immobilized system s. 

In h ib ito rs  Bg and C were used fo r  the above experim ents.

The r e s u l t s  are shown in  Table 31. I t  w i l l  be seen th a t  

both the in h ib ito r s  were bound hy the mercury d e r iv a t iv e  

a s  w ell a s  by the S -a lk y l  d e r iv a t iv e  o f  papain  q u a n t i t a t iv e ly .  

The binding o f  the in h lM to rs  was a s  s tro n g  as  the binding 

by ac t iv e  papain. There was no r e le a s e  o f  in h ib ito r  

a c t i v i t y  a f t e r  b o i l in g  the complex, formed by a c t iv e  papain 

or in a c t iv e  d e r iv a t iv e s  a t  n eu tra l pH. Release  o f  the 

in h ib i to r  from the complex with both a c t iv e  papain and in

a c t iv e  papain occurred to the same extent a t  pH 1 in  the 

case  o f  in h ib ito r  C. P a r t i a l  r e le a se  o f  Bg was a l so  obtained 

a t  pH 1 from s-carboxy amldo methyl papain . These r e s u l t s  are 

in  agreement with the ob servation  o f  Fossum and Whitaker 

(1968) and Sen and Vifhitaker (1973)* The binding and 

d is s o c ia t io n  of the two in h ib i to r s  with papain  d e r iv a t iv e s  

were the same as  with enzym atically  a c t iv e  papain . Sen 

and ’.yhltaker (1973) have suggested th at  p ro te in  In te ra c t io n
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c o u ld  be due to h y dro p ho b ic b in d in g . S in c e  b o ile d  p a p a in  

does not combine w ith  the i n h i b i t o r  i t  i s  l i k e l y  th a t  

r e t e n t io n  o f  the c o n f ig u r a t io n  o f  the a c t iv e  enzyme i s  

e s s e n t ia l  and th a t b in d in g  o f  the p r o t e in  m o le c u le s  co uld  

be due to a number o f  f o r c e s  su ch  a s h y dro p ho b ic in t e r a c t io n ,  

hydrogen bonding and e l e c t r o s t a t ic  f o r c e s .  W hile these  

r e s u l t s  show th a t p e p tid e  s p l i t t i n g  i n  the p a p a in  

i n h i b i t o r  i s  not n e c e s s a ry  f o r  i n h i b i t o r  b in d in g , the mode 

o f  a c t io n  o f  p a p a in  i n h i b i t o r  rem ain s o b sc u re .
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This work presents evidence for the widespread occurrence
of papain inhibitore in plant tissues and the presence of
atleast six ieoinhibitors of papain in a single source,
Vigna catJang, The isoinhibitors have been separated from
each other and one of them A., as described in Chapter IV,* t
has been obtained in pure form and two (Ag A^) were 
purified to homogeneity by Vartak (1975). Three other 
Isoinhibitors, and C were partially purified, inhibitor
C being nearly 80^ pure. The purification of papain inhibitor 
C from the alkaline extract was not continued further since 
it was found to be unstable after purification. All the 
isoinhibitors are specific for papain and related enzymes 
(ficin and chjrmopapain) and have no action on trypsin, 
chymotrypsin, subtilisin and bromelain. There has so far 
been no report on the purification of specific inhibitors 
of papain from a plant source. The present work establishes 
for the first time the occurrence of specific isoinhibitors 
of papain in a plant material,

QfljBrreac.s»
The occurrence of a papain inhibitor, unlike Inhibitore 

of other enzymes such as trjrpsin, chymotrypsin, subtilisin, 
in every one of a wide variety of tissues examined so far 
(Chapter III) is of considerable importance and interest 
with regard to the role of these inhibitors in plant 
metabolism. As shown in Chapter IIT, the papain inhibitor 
activity present in callus cultures and seeds was due to
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protein inhibitors and not to heavy metals or proteinases. 
Purified preparations of the inhibitors from Yifrna cat.jang 
were nondialysable and were active in the presence of -EDTi, 
which makes it improbable that the inhibition was due to a 
metal. The inhibitors from Yigna cat.janp showed the typical 
behaviour of a protein, such as precipitation with aramonlura 
sulfate, adsorption on and elution from DLAE and GM- 
celluloses, gel filtration on Sephadex, movement on poly
acrylamide gel electrophoresis and on cellogel strips, 
staining with Amino Schwartz and Coomassie Blue and loss of 
activity with pepsin. Varying the period of Incubation 
with papain showed no change in inhibitor activity, indi
cating that inhibition is not due to a proteolytic enzyme,

Pepain inhibitor activity was found to increase on 
boiling in the case of callus cultures. The increase in 
papain inhibitor activity on heating suggests that a heat 
labile proteinase (or a related protein capable of binding 
the Inhibitor specifically) is present as a complex with 
the inhibitor. Increase In inhibitor activity was also 
observed when extracts of 3 and 4 days' old seedlings of 
Vlgna cat.jang were heated.

The variation of inhibitor activity on germination as 
described in Chapter III suggests that after an initial 
fall in inhibitor activity on the 3rd day of germination, 
denovo synthesis of papain inhibitor occurs again on the 
4th day, though this activity is observed only after 
boiling the extract. In this connection It should be noted 
that the enzyme or protein from callus culttires and
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germinating tissues of Ylgna oatJang, whioh combines with 
the inhibitor is different from papain, since heating the 
former at 93*C at neutral pH releases inhibitor activity 
whereas heating the complex of inhibitor with papain shows 
no release of Inhibitor activity. Another interesting 
observation was the high content of Inhibitor In different
iating tissues (Chapter III), Tissues which do not readily 
differentiate were found to have a comparatively lower 
papain inhibitor content than those which differentiate. All 
the above observations suggest that papain inhibitors may 
have a basic role in cell metabolism or differentiation. 
Unfortunately no suitable method exists for selective 
destruction of the inhibitor and releasing the active 
enzyme if any, in callus tissue, which combines with the 
papain inhibitor, Acid treatment, heating etc. destroy the 
enzyme and release the Inhibitor, Suitable methods for 
recovery of both enzyme and inhibitor would be invaluable 
for isolating the proteolytic enzymes occurring endo
genously which correspond to the inhibitors and studying 
their metabolic role.

It is possible that there are several proteolytic 
enzymes in Yigna cat Jang, which are selectively inhibited 
by different isoinhibitors. Their separation and characteri
zation would normally be difficult, but the purified iso- 
Inhibltors can be used for distinguishing between different 
papain-like proteolytic enzymes which may occur In Ylgna 
cat.lang and callus tissues. As already shown in Chapter V, 
the DiAi-cellulose fraction containing the isoinhibitors
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^2 and shows appreciable inhibition of the endogenous 
proteinase from the seedlings of Vigna cat.jang. However, 
purified preparations of show very low inhibition. There 
is no Inhibition by Bg. Further work is required for 
characterization of the inhibitors and enzymes.

Crude extracts of Vlgna catjang contain inhibitors of 
trypsin, chymotrypsin, subtilisin and papain. The trypsin 
Inhibitor content was found to be quite high as compared to 
papain inhibitor activity. The different inhibitors were 
found to be present in the amounts shown in Table 32,
(The results are for acid extracts of the seeds. For 
alkaline extracts the papain inhibitor activity will be six 
times higher). It will be seen that papain inhibitor 
activity is very low compared to trjrpsin inhibitor activity.

There Is no conclusive evidence to show whether or not 
the Isolnhibltors are artifacts. However as described 
earlier (Chapter IV), extraction of papain Inhibitors from 
ground seeds with boiling acid indicated the presence of 
atleast two distinct groups of isolnhibltors - those which 
are adsorbed and eluted from D£-AE-cellulose and those which 
are comparatively basic and are adsorbed only on CM-cellulose, 
These observations make it improbable that the two distinct 
groups of isolnhibltors arise due to the action of proteo
lytic enzymes present-in the extract. The relative amounts 
of the two groups of Inhibitors also did not vary signifi
cantly in preparations from different batches of seeds.
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Iahl£-2Z* Qf tr.YP9la.». papain
ty dl̂ ~ffigent leffmalmas Bee.d.....ext£agts

Vifrna 
cat i anpr

Vida
?at)a

Phaseolus
vul̂ rarls

Phaseolus
lunatus

Units/g
seeds

Trypsin inhibitor 9235 17,850 11,220 59,160
Subtilisin
inhibitor

214 153 112 510

Papain inhibitor 54 102 
rag/g seeds

85 122 •

Protein 6.6 12.6 5.6 11

Vartak (1975).
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However further work Is required to determine whether some of 
the Isoinhibitors are artifacts formed during the purification 
steps or whether they are initially present in the seeds. It 
also needs to be determined whether the relative proportion 
of the isoinhibitors Ag and A^ vary on storage due to the 
action of proteolytic enzymes. In different batches of seeds 
processed for the purification of the inhibitors there was a 
considerable variation in the proportion of isoinhibitors 
A^, Ag and A^, Â  was present in large amounts compared to
Ag and Â  in the batches of seeds used for this work.

a.Earlier batches showed larger proportion of A« and A,.A d :>
Whether this variation, in the proportion of the isoinhibitors 
A^, Ag and A^ is due to genetic variation of seeds, or whether 
they have arisen due to the action of enzymes on storage 
remains to be seen. However the properties of the iso
inhibitors separated and purified are sufficiently different 
for them to be designated as distinct isoinhibitors. The 
main groups of isoinhibitors A and B differ markedly in their 
properties. The differences in their properties will be 
discussed in later sections.

As seen in Chapter III all the parts of the plant were 
found to contain a papain inhibitor. A similar pattern of 
distribution of the trypsin inhibitor was observed by Ambe 
and Sohonie (1956) In broad beans. The presence of iso
inhibitors in various seeds has been discussed in Chapter I 
(Section III), It is possible that these isoinhibitors, 
present in different parts of the plant, or seed, may have 
different functions in the metabolism of the tissues concerned.
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The presence of papain Inhibitors (unlike other inhibi

tors) in all plant tissues, which were examined, suggests 
that they may have a basic metabolic role in regulating 
tissue differentiation, cell division or other processes 
and not mere protective or storage function as in the case 
of other inhibitors, such as trypsin inhibitors, which are 
not universally present in plants.
Eurl.flc.atignt

Extraction at acid pH eliminated a considerable amount 
of impurities, including non-protein material such as nucleic 
acids, calcium phytate etc. In general, conventional 
techniques of protein purification such as ammonium sulfate 
fractionation, CM-cellulose and D£-AE-cellulose chromatography 
were used to obtain the inhibitors in a homogeneous form, 
preparative polyacrylamide gel electrophoresis was used as 
the final step in the purification procedure. This was 
necessary since fractionation with ammonium sulfate, and 
column chromatography on CM- or DE-AE-celluloses for the 
respective inhibitors gave preparations which were not 
completely homogeneous. Pour to five bands were obtained 
even after repeated chromatography on ion-exchangers. The 
impurities had probably similar elution profiles and hence 
could not be separated by the above techniques. Hence 
further purification on polyacrylamide gel electrophoresis 
for both the inhibitors was carried out.

The inhibitor after preparative poljracrylamide 
gel electrophoresis gave a single band when tested by
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p o ly a c ry la m id e  g e l e le c t r o p h o r e s is .  T h is  homogeneous 

p re p a r a t io n  when te s te d  f o r  t rs rp s in  i n h i b i t o r  a c t i v i t y  

showed fe e b le  i n h i b i t i o n  o f  t r y p s in .  S in c e  i t  i s  im pro b ab le  

th a t o n ly  t h is  i n h i b i t o r  co u ld  be n o n - s p e c if ic ,  the p r e 

p a r a t io n  was te ste d  w ith  im m o b ilise d  t r y p s in .  The t r y p s in  

i n h i b i t o r  a c t i v i t y  was bound by t r y p s in .  The t r y p s in  

i n h i b i t o r  was o b v io u s ly  not removed by c o n v e n tio n a l t e c h n i

q u e s. The use o f  im m o b ilise d  t r y p s in  was the o n ly  te c h n iq u e  

w hich proved s u c c e s s f u l  i n  rem oving the t r y p s in  i n h i b i t o r .

The o b s e rv a t io n  t h a t  h ig h ly  p u r i f i e d ,  a p p a re n t ly  

homogeneous p ap a in  i n h i b i t o r  had t r y p s in  i n h i b i t o r  

a c t i v i t y  r a is e s  an in t e r e s t in g  p o in t ,  (A s im i la r  o b s e r

v a t io n  was made by Y a rta k  (1975), who o b ta in e d  a s u b t i l i s i n  

i n h i b i t o r  w hich was homogeneous by s e v e r a l  methods but 

co n ta in e d  t r y p s in  I n h ib i t o r  a c t i v i t y .  The l a t t e r  co u ld  be 

removed by im m o b ilise d  t r y p s in  le a v in g  o n ly  s u b t i l i s i n  

i n h i b i t o r ) .  E a r l i e r  r e p o r t s  in  the l i t e r a t u r e  re g a rd in g  

the s p e c i f i c i t y  o f  p ro t e in a s e  i n h i b i t o r s  in  d if f e r e n t  

t is s u e s  should be viewed w ith  c a u t io n .  The p re se n c e  o f  more 

th a n  one i n h ib it o r  a c t i v i t y  i s  not n e c e s s a r i ly  an in d ic a t io n  

o f  la c k  o f  s p e c i f i c i t y  f o r  th e  p r o t e in a s e  even w ith  a 

p u r if i e d ,  a p p a re n tly  homogeneous i n h i b i t o r .  The method 

d e s c rib e d  here ( i . e .  treatm ent w ith  im m o b ilise d  t r jr p s in  e t c , )  

w i l l  be a good t e s t  to determ ine s p e c i f i c i t y ,  when more th an  

one a c t i v i t y  is  p r e s e n t .

I n  the case  o f  th e  i n h i b i t o r ,  p r e p a r a t iv e  p o ly 

a cry la m id e  g e l e le c t r o p h o r e s is  gave a homogeneous p r e p a r a t io n ,
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as Indicated by other techniques such as ultracentrifugatlon 
and blB-gel electrophoresis. However the specific activity 
of the preparation was only 100 units/mg of protein. Treat-' 
ment of the inhiljitor with Immohilised papain, followed by 
elution with acid gave a preparation with a specific activity 
of 1000 units/mg of protein. This suggests that impurities 
which are difficult to separate by ultracentrifugation and 
electrophoresis are present in the preparation which are 
possibly non-protein in nature, or denatured inhibitor.

Purification of papain Inhibitor C from the alkaline 
extract was attempted since the extract contained several 
times more papain inhibitor activity than the acid extract. 
Initially purification by using immobilised papain was 
successful, since a 1000 fold purification was obtained in 
a single step. The recovery of the inhibitor from the 
complex was fairly good and was about 50 to 60^, However 
the preparation was found to be unstable on storage at 
-20°C. The inhibitor preparation purified by conventional 
techniques was also found to be unstable to storage at 
-20®G. The reason for this instability is not known, since 
the inhibitor is markedly stable to heat and other dena- 
turating conditions. The inhibitor was purified to 
5000 units/mg of protein. The major loss in activity 
observed during acid fractionation could be due to the 
action of a proteolytic enssyme acting on an inhibitor which 
is rapidly destroyed at pH 5. Similar results were obtained 
by Lenney et al. (1974) in the case of Saccharomycee 
cerevisiae. This may be of physiological importance since
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it could be a mechanism to regulate the action of the 
Inhibitor 1^ vivo.

The final specific activities of the papain inhibitors 
were 4000, 1000 and 5000 units/mg of protein for inhibitors 

^ 2 and 0 respectively. In comparison the papain 
inhibitor from chicken egg white and rabbit skin had a final 
specific activity of 5340 units and 1700 units/mg of 
protein respectively.
Yield of papain iDhibition on purificationt

Considerable loss of activity occurred during purifi
cation, The loss of inhibitor activity was mainly in the 
preparative gel electrophoresis step and chromatography on 
Ciid-cellulose and BB̂ Ai— cellulose, Yields of the inhibitor 
on polyacrylamide gel electrophoresis were improved consi
derably from practically nil recovery to 50^ by the use of 
washed gels and repeated elution over a longer period of 
time. Losses on chromatography on D£AE-cellulose and CM- 
cellulose could not be readily explained. Washing the ion 
exchangers with EDTi and alcohol was of little use in 
improving the yield of the inhibitor. The yield of papain 
inhibitor C, inspite of heavy losses during acid precipi
tation, was better than that of the inhibitors ftom the 
acid extract,
Degree of purification:

Though it is difficult to estimate the true degree of 
purification when several isoinhibitors are present in the 
extract, an approximate estimate is made to determine the
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degree oi purification. The apparent purification of the ieo- 
inhibltors. and with respect to the crude acid
extract was approxItiately 2 0 0 0, 12 and 50 0-fold respectively. 
Inhibitor G from the alkaline extract was purified 2000-fold.
If it is arbitrarily assumed that -̂3 * ®-j
present in equal amounts initially in the acid extract (the 
activities of the inhibitors adsorbed and not adsorbed on Cl- 
cellulose were nearly the same and the activities Sf and 
were nearly the sanie; the relative ratios of and were 
variable for diiferent lots of seeds, but it is arbitrarily 
assumed for simplifying the calculations that they are present 
in equal amounts) the actual purification of these inhibitors 

B<| and Bg is atleast 1 0,0 0 0, 60 and 2,50'^-fold respectively, 
The acid extract of the seeds contains only 4.5 percent of the 
protein in the seeds and about one-sixth of the protein in the 
alkaline extract. Hence the actual purification of the papain 
inhibitors with respect to the extractable protein of the 
seeds is atleast 60,000, 360 and 15,000-fold for B̂  and 
Bg and more than 2000 fold for G. (since the number of 
isoinhibitors in the crude alkaline extract is not known).
It will be seen that these inhibitors constitute a very 
small portion of the seed proteins. This is in contrast 
to the trypsin inhibitors which may constitute nearly 
1-5?̂  of the proteins of some seeds. The chicken e<?g white 
papain inhibitor and the rabbit skin papain inhibitor were 
purified 2100 fold and 210 fold respectively. The diffi
culty involved in the isolation in pure form of the iso- 
inhibitors and their separation from each other will be
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a p p a r e n t  f r o m  t h e  large n u m b e r  o f  p a p a i n  i B o i n h i b i t o r s  i n  

t h e  s e e d s  a n d  t h e  m i n u t e  q u a n t i t i e s  w h i c h  a r e  p r e s e n t .

The presence of several isoinhibitors of papain, and 
the Tery small amounts present in the seeds necessiate 
improved methods for their separation and characterization.
The need for separation from proteolytic enzymes to stabilise 
the Inhibitors and also from other proteinase inhibitors 
such as trypsin Inhibitors from which they are difficult 
to separate suggest that improved methods of affinity 
chromatography require investigation. Rapid and sensitive 
methods for separation by gel electrophoresis or similar 
techniques and staining methods for identifying the iso
inhibitor bands would be invaluable for determining which 
of the inhibitors are present originally in the seeds and 
whether any are formed during the Isolation procedures*
The differences in papain isoinhibitor pattern of different 
parts of the plant such as stem, leaves etc. as well as of 
cytoplasm, lysosomes etc. and during growth, differentiation 
and tmour formation would be of interest and require rapid 
methods of separation and sensitive methods of detection. 
Attempts to characterise some of the proteinase inhibitors 
directly in crude extracts after polyacrylamide gel electro
phoresis were unsuccessful due to their presence in very 
small amounts* Initial concentration by affinity chroma
tography appears to be essential for their further separation, 
As indicated earlier these inhibitors will also be of value 
for the study of the endogenous proteinases which they inhibit.
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PiiOP-LKTIl̂
RomngenPltv of inhlhitnrRi The homogeneity of the inhibi
tors Bg and C has been discussed in detail in Chapter V.

The papain inhibitors can be classed in the category 
of small molecular weight inhibitors. The molecular weight 
of 7760 obtained for by gel filtration on Sephadex G-50 
is in agreement with the value obtained by SPS-gel electro
phoresis, 7670, The other Di-AE-cellulose adsorbable papain 
Isoinhibitors from the acid extract, ^3 * l^ve been
shown to have molecular weights of 11,430 and 1 2 ,2 0 0  

respectively by gel filtration on Sephadex G-50, The values 
obtained for these inhibitors by SIS gel electrophoresis 
are 9700 and 9700 respectively (Vartak, 1975). The above 
data show that inhibitor Â  is different from A^ and A^,
The molecular weight of Inhibitor C was found to be 11,560 
by gel filtration.

In the case of inhibitors and Bg the molecular 
weights determined by gel filtration on Sephadex G-50 
corresponded to 10,480 and 11,480 respectively. However 
the molecular weight determined by SDB-gel electrophoresis 
for B2 was 5500 which is half of that obtained by gel 
filtration. The value obtained by ultracentrifugation was 
9,800. The existence of the inhibitor as a dimer is likely. 
It is similar to the subtllisin inhibitor from Streptomyces 
albogriseolus the monomers of which were found to have 
Identical molecular weights. (Sato and Mvrao, 1974).
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Other examples of oligomers of inhibitors are the Bowman 
Birk inhibitors from soybean (Harry and Steiner, 1969) 
lima bean inhibitor (Haynes and Feeney, 1967) and the 
inhibitor from potatoes (Melville and Ryan, 1970), These 
inhibitor aggregates were found to dissociate and bind 
trypsin in their monomeric form. However the potato inhibitor 
(Melville and Ryan, 1970) which exists as a tetramer was 
found to bind four molecules of chymotrypsin in its tetra- 
meric form. The specific papain inhibitor from chicken egg 
white (Possum and Whitaker, 1968) was shown to have a 
molecular weight of 12,700 by gel filtration. On this basis 
the molecular weight of the papain inhibitor - papain complex 
(assuming a mole to mole combination) should have been
34,000, However the molecular weight obtained by gel 
filtration was only 25,000, Wo explanation was given for 
this discrepancy. It is likely that this inhibitor also 
exists as a dimer, which however combines in its monomeric 
form with the enzyme,
DlBBOclatlon constants!

Dissociation constants were determined for both the
inhibitors and Bg using casein as the substrate by the
method of Green and Work (1953). The B2 inhibitor had a
dissociation constant of 4.3 x 10” M, The inhibitor had

—9a lower diseociation constant, 2,34 x 10 M̂, The value
reported with ^-nitrophenyl benzyloxycarbonyl glycimte
for the complex of ficin with the chicken egg white
inhibitor is 1.47 + 0,63 x 10*"®M. The inhibitors generally

-7 -9have a dissociation constant in the raî ge 10 to 10 M,
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However there are a few exceptions e.g. the trypsin- 
pancreatic trypein inhibitor has an unusually low dissociation 
constant 6 x at pH 3 (Vincent and Lazdunski, 1972),
Bieth (1974) has shown that the binding behaviour of an 
enzyme inhibitor system depends on the ratio (E®)/K^ and 
not only on (jE®) is the total enzyme concentration and 

is the dissociation constant_ , He has shown that if the 
(E®)/K^ values are high (about 100), the dissociation curves 
will show abrupt breaks at the equivalence point. This is 
illustrated in Fig. 14. The calculated values of (E°)/Kĵ  
for inhibitors and Bg are 98 and 50. These high values 
show that the method of determining the dissociation 
constants used is valid for these inhibitor.
Amino acid compoBition;

The inhibitor contained only one mole of telf- 
cystine per mole of the inhibitor. Unfortunately sufficient 
material was not available to determine SH groups. It is 
not certain whether it contains an SH group or whether two 
monomers are linked by a disulfide bond. The latter is 
unlikely since there was no difference In the molecular 
weight determined by gel filtration and iilfo-electrophores is 
in the presence of a reducing agent. On the other hand 
there is no report of any proteinase inhibitor containing 
an ►iH group. Further work is needed to determine whether 
this Inhibitor contains an SH or S-S bond. The flcin-papain 
inhibitor from chicken egg white (Sen and '/VTiitaker, 1973) 
contains 2,64 and 1,61 moles of half-cystine and methionine
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Legend for Figure number U :

Theoretical plots of frectional free enzyrne (a) as a 
function of molar ratios of inhllDitor to enzyme Ol°)/(E°) 
for the different values of the ratio (E'’)/K^, where E° and 
I® are the total concentration of enzyme and inhibitor 
respectively and is the diseoclation constant of the 
Inhlbltor-enzyme complex.
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respectively per 10,000 g of the inhibitor. The subtilisin 
Inhibitor purified from Vi^na cat,1ang (Vartak, 1Q75) also 
contains one mole of half-cystine per mole of inhibitor.

The inhibitor contained 4 residues of half-cystine 
per mole of the inhibitor. Cysteine was absent as determined 
by Dl'iiiiJ titration. Both and Bg have a very lo'-v content 
of aromatic amino acids and they are not unusually rich in 
proline.

Laskowskl has postulated that the stability of most of 
the trypsin inhibitors is due to the high crosslinkinfr by 
disulfide bridges and the presence of a high content of 
proline. However the papain inhibitors are very stable at 
acid pH and fairly stable at neutral pH at 80®C for 15 min. 
They are stable to other reagents such as ethanol and urea.
The reason for their high stability, which is similar to that 
of the trypsin inhibitors, in spite of very low or no 
disulfide linkages and low proline content is not clear. 
Carbohydrate:

was found to contain 0.61 mole of sugar per mole 
of the inhibitor. Preliminary experiments indicated that a 
part of the inhibitory activity present in the G^-cellulose 
eluate containing and Bg combined with lectins. Other 
experiments showed that lectin does not have any effect on 
inhibitor activity. This suggest^ that the carbohydrate region 
is not required for activity. Owing to the difficulty of 
elution of the inhibitor activity from the complex with 
lectin, this work was not further continued. The use of 
immobilised lectin for isolation of this inhibitor deserves
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further study* The serum inhibitors, and ovomucoids contain 
as much as 259̂  carbohydrate (Vogel, 1968). The plant brome
lain inhibitor also contains carbohydrate (Reddy et^., 1975),

All the papain inhibitors except were markedly stable 
to denaturing conditions such as heat, pH and ethanol and 
only lost 505̂  of its activity under similar conditions.
They were also relatively stable to urea and borohydride,

showing maximum stability. However all the inhibitors lost 
considerable activity on heating in trichloroacetic acid 
at 80°C. In general the stability was higher at lower pHs.
The Bg inhibitor was found to be comparatively less stable at 
pH 10 on heating at SO“C,

The ficin-papain inhibitor from chiclcen egf white [sen 

and Whitaker (1973); Fossum and Whitaker (1968)J was found 
to be comparatively unstable to heat. At 35®C it was found 
to be stable for 30 min in the pH range 4-9. However when 
a 5 X 10"’̂ M solution was heated at pH 7 at 80°C it lost 40^ 
of its activity within 10 min,
£nzyme and substrate spej;lflcitv: Q.f_the, •papain .ls.fllnhlM±gr.a;

All the papain inhibitors inhibit ficin and chymopapain. 
They do not inhibit chymotrjrpsin, trypsin, subtilisin, and 
fruit bromelain. However care is needed in determining 
the specificity and activity of inhibitors, since it varies 
with the same enzyme, depending on which protein is used as 
the substrate, whether a large protein or a small synthetic 
substrate is used or whether esterolytic, amldase, or peptide 
bond hydrolytic activity is being determined. There have
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SO far been no studies of the Inhibition of several closely 
related enzymes by isoinhibitors usings a v?ide range of large 
and small molecular weight substrates. The data in table 14 
are therefore of special interest in showing the complexity 
of these interactions. Different isoinhibitors can be 
distinguished from each other by such studies. The complete 
lack of inhibitory activity with serum albumin, the striking 
variation in the relative activities with casein and 
hemoglobin with different isoinhibitors and different enzymes, 
the ten fold higher inhibition by of amidase activity of 
ficin compared to caseinolytic activity, and the marked 
differences in inhibition of caseinolytic activities by the 
different isoinhibitors are among the noteworthy observations. 
Inhibitor activity should therefore be determined with 
different substrates and several related enzymes before any 
conclusions can be drawn, regarding their inhibitory 
activity or molar inhibition ratios.

The molar inhibition ratios, (number of moles of enzyme 
inhibited by 1 mole of inhibitor) especially for the B group 
of inhibitors is low. However this may be due to the fact 
that the actual substrate or enzyme is different jji vivo.
Some of the molar inhibition ratios for the inhibitors are 
as follows! 1:0,26 for the subtilisin Inhibitor from barley 
(Mikola and Suolinna, 1971), and 1:0.35 for the same 
inhibitor for chymotrypsin inhibition. A ratio of 1:0.37 
was obtained for the inhibition of subtilisin when hemoglobin 
was used as the substrate (Ryan, 1966). In the above case 
the inhibition of trypsin was seen only when TMI, or
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hemoglobin was used as the substrate and not with casein,

Ficin and papain were found to complete for the same 
active site of the Inhibitor in the case of inhibitors 
and

JU8£,ojslatlaa engmerlflh3.feltgj-s.QaBlejtgg:
The inhibitors were found to bind firmly with papain 

and the complexes were difficult to dissociate, Papain- 
inhibitor complexes did not dissociate on heating at 98®C 
at neutral pH, As discussed earlier, these results are 
in accordance with the results obtained by Sen and 
Whitaker (1973). Quantitative recovery of the inhibitor 
was obtained only by treatment of the complex at pH 1 at 
room temperature (A^), or by heating at pH 2 at 93®C,
However the results were different when immobilised en!5yme 
systems were used. Only partial dissociation of the 
complex was obtained at pH 1 in the case of inhibitors

and C bound by immobilised papain or Inactive derivatives. 
These results with papain inhibitor complexes are in contrast 
to other inhibitor-enzyme complexes, such as trypsin and 
subtilisin. The above complexes dissociate readily on 
heating or on lowering the pH to 5.

The results with callus tissues and germinated seedllng-s, 
which show increase in papain inhibitor activity on heating, 
suggest the presence of corresponding endogenous proteinasee 
which interact with the Inhibitors, These complexes are 
different from papain inhibitor complexes as they dlseociate 
on heating at neutral pH. The characterization of these 
proteinases and study of their localization in different
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organs and cell organelles and variation in activity during 
growth and germination may be expected to throw light on 
the physiological role of these isoinhihitors in the 
regulation of proteinase activities ^  vivo.

It is evident that no modification of the inhibitor is 
required for complex foimation. The combination of the 
inhibitor with inactive derivatives of papain such as Hg- 
papain and S~atnido carbox3rmethylated papain indicate that 
an active enzyme is not a prerequisite for binding. There 
was also no inactivation of the inhibitor by incubation with 
papain as in the case of !'/temporary inhibition” of trypsin 
inhibitors. Interaction between inhibitor and enzyme appears 
to be dependent in these cases on specific protein - protein 
interaction due to charged groups, hydrophobic groups by 
van der Waals forces and hydrogen bonding and not due to 
covalent bonds between enzyme and inhibitor. But these 
studies do not preclude covalent linkages in the case of 
active enzyme and papain inhibitor. The results with 
inactive derivatives of papain are similar to the results 
obtained by PoBsum and Whitaker ( 1968), Sen and -Thitaker 
(1975), for the chicken egg white inhibitor.
Identity of papain iBQlnhlbltors:

The isoinhibitors can be said to be different from each 
other for the following reasons:

They differ markedly in their activities towards 
different substrates and different enzymes as described
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earlier. The two classes of inhibitors A and B differ quali
tatively in their adsorption on Si-AE-cellulose and CM- 
cellulose, the former class of inhihitors heing adsorbed only 
by Di-AE-cellulose and the latter only by C-J’*-cellulo8e.
^2 Aj inhibitors differ in their elution profiles, 
being eluted by ISmM phosphate buffer, pH 7.5, A^ and 
being eluted by 5 and 5 m’'.Iolar respectively. Inhibitors 
and are eluted at 10 and 50 m’'lolaT phosphate buffer, 
pH 7.5 respectively froTii CM-oellulose. Inhibitor c, purified 
from alkaline extracts of the seed is adsorbed by BEAE- 
cellulose and eluted with 10 phosphate buffer, pH 7.5.

The elution profiles indicate that they are different from 
each other.

The inhibitors also vary in their relative mobilities 
on polyacrylamide gel electrophoresis. Inhibitors and 
move towards the cathode at pH 8.5 while inhibitors A^, A2 »
Aj and C move towards the anode at the same pH. Inhibitors 
A^, Ag and A^ have the following relative mobilities: 0.4-3,
0.56 and 0.68 at pH 8.5. Inhibitor ^2 has a relative 
mobility of 1 compared to the marker dye at pH 4.4.

The isoinhibitors also differ to some extent in their 
stability towards various denaturing agents and other 
conditions as stated earlier. These properties show that 
the isoinhibitors are quite different from each other. As
mentioned earlier the existence of the two clasŝ  of 
inhibitors A and B in the seed has been established.
However it remains to be shown that some of the different
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iso inhibitors of each group are not forrned from each other 
during the course of purification due to the action of 
hydrolytic enzymes.



. C H A P T E R  VII
S U M M i \ R Y  A N D  C O N C L U S I O N S
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SUiAMARY CQMCLUblQiMS

Papain inhibitors were shown to be widely distributed 
in plant tissues. They were found to be present in all seeds 
(both monocots and dicots) and actively growing callus 
cultures which were tested. The existence of a cryptic 
inhibitor in all the callus cultures and in germinated 
seedlings of Vi|p~na catjang was suggested, since the inhibitor 
activity was found to increase markedly on heating.
Evidence was presented to show that the papain inhibitor 
activity was due to a protein and not due to heavy metals 
or proteinases.

The acid extracts of Vigna catjang seeds were found to 
contain five isoinhibitors of papain (A^, Ag, and and 
Bg). The isoinhibitors were separated from each other and 
one of them, was purified to homogeneity. and were 
partially purified. The alkaline extract of Vigna cat.jang 
was found to contain appreciable quantities of papain 
inhibitor activity. The inhibitor C was purified to 80^ 
homogeneity. All the inhibitors were specific for papain 
and the related enzymes ficin and chymopapain. The pro
perties and kinetics of the inhibitors were studied in detail.

The inhibitors were purified by using several techniques 
such as fractionation with ammonium sulfate, acid precipi
tation, column chromatography on D£^E-cellulose and Gŝ - 
cellulose, Sephadex gel filtration and affinity chromato
graphy, The final specific activities of the inhibitors 
A^t and C were 4000, 1000 and 5000 units/mg of protein
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respectively, which represent 60,000, 15,000 and 2,000 fold 
purification relative to the extractahle protein of the 
seeds, assuming that the isoinhibitors are present initially 
in equal amounts.

The specificity of the inhibitors with respect to 
different enzymes and substrates was studied in detail.
They do not inhibit trypsin, chyraotrypsin subtlllsin, 
bromelain and pepsin. They inhibit papain, ficin and chymo- 
papain. Striking differences were seen in their specifi
cities with different substrates and enzymes. All the 
inhibitors blocked the arnidase and esterase activity of 
papain. They generally showed higher inhibition with casein 
than with hemoglobin and no activity with serum albumin.
The molar Inhibition ratio of the Isoinhibitors with 
different enzymes in the presence of different substrates 
show significant differences.

The inhibition of papain and ficin by or Bg was not 
additive, suggesting that the same active site of the 
inhibitor is Involved in the inhibition of both enzymes.

A crude mixture of inhibitors 1^, and was found 
to inhibit an endogenous proteinase from the germinated 
seedlings of Vlgna cat.lang.

The amino acid composition of the two isoinhlbitors
A and was determined. The A. inhibitor was found to 
1 ^

contain one mole of half-cystine per mole of the inhibitor. 
It had a high content of histidine. The total number of 
amino acid residues was 61, The Bg inhibitor had a total
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nxamber of 40 amino acid residues. It contained 4 half
cystine residues per mole of inhibitor* Both the inhibitors 
had a low content of aromatic amino acids. There were only 
two proline residues per mole of each of the inhibitors*
The partial specific volume of was calculated to be
0,75 ml/mg. Inhibitor Bg was found to contain 0.61 mole of 
sugar per mole of inhibitor.

The molecular weight of the inhibitors ran^e from 5500 
to 12000 as determined by several methods, .̂n interesting 
obseirvation was that the Bg inhibitor existed as a dimer.
Its molecular weight was 5500 as found by SD8-gel electro
phoresis, which is half of that obtained by Sephadex Gr-50 
chromatography.

Incubation of the inhibitor Bg with papain showed no 
progressive loss of Inhibitor activity with time, Enzymlcally 
inactive derivatives of papain (e.g. Hg-papain and S-alkyl 
derivative of papain) were found to bind the inhibitor, 
which suggests that an active enzyme for splitting of a 
peptide bond in the Inhibitor or formation of a covalent 
bond between enzyme and inhibitor are not required for 
binding of the inhibitor as postulated for some trypsin 
inhibitors.

The dissociation constant for the inhibitors and
•_Q —3were found to be 2.3 x 10 M and 4.3 x 10” M respectively.

The inhibitors bind firmly with papain and the complexes 
were difficult to dissociate. Heating the complex was 
ineffective in dissociating the complex at neutral pH. 
Quantitative recovery of the inhibitor was obtained only by
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treatment of the complex at pH 1 at room temperature (A^) or 
by heating at pH 2 (B2) at 93°C. However this was true only 
for complexes in solution. Only partial dissociation of the 
complex was obtained at pH 1 in the case of the inhibitors 
Bg and C bound by Immobilised papain or inactive papain 
derivatives.

The inhibitors were found to be stable to heat at 
different pHs. The inhibitors were also stable in 75^ ethanol 
at 30®C, sodium borohydride and urea. However the inhibitors 
lost considerable activity when heated in 3?̂ trichloroacetic 
acid at 80®C. The inhibitors and Bg were dig-ested by pepsin,

Data regarding the other properties of the different 
inhibitors are summarised in the Tables given below (Table 
33, 34 and 35).

The differences in stability to heat, pHs etc. and the 
differences in molecular weights, specificity to different 
enzymes and different substrates establish that the six 
isoinhibitors of papain from the seeds of Yl^na catjang 
are different from each other.

In conclusion papain Inhibitors, unlike others 
proteinase Inhibitors such as trypsin inhibitors, are present 
in all plant tissues which were tested. Vipna cat.lang seeds 
contain several isoinhibitors of papain. They are protein 
in nature and specific for the enzymes papain, ficln and 
chymopapain and are different from the trypsin and 
subtlllsin inhibitors of the seeds.
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lSkl£_21: Properties and kinetics of papain Inhibitors

2̂ ^3 C

Jlh-AE-cellulose chro
matography. Phosphate 
concentration required 
for elution (mM)

1.5 3 5 - - 10

Ci^-cellulose chro- 
raatofraphy. Phosphate 
concentration required 
for elution (mM),

10 50

Specific activity 
(units/rag of protein. 
Homogeneity on poly
acrylamide gel electro
phoresis at pH 8.5 
(no. of bands)).

4000
Single
band

6250
Single
band

5000
Single
band

1000
Single
band

5000
four
bands

Relative niobility at 
pH 3.5

0.4S1 0.56 0.68 - - -

Relative mobility at 
pH 10.

0.86 - - - -

Relative mobility at 
pH 4.4.

- - - - 1.0 -

Homogeneity by 
gel electrophoresis.

Single
band

Single
band

Single
band

- Single
band

-

Homogeneity by 
ultracentrifuge.

Single
peak
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2aj2l£_25i Properties and kinetics of papaiii Inbtbitors 
Q̂ -.Vlgna.

^2 ^3 «1 2̂ C

Moles of tyrosine 
per mole of 
inhibitor

2 - - - 1 -

Woles of tryptophan 
per mole of 
Inhibitor

— — — 0-1

Moles of half-cystine 
per mole of 
inhibitor

1 — — A —

Moles of carbo
hydrate per mole 
of inhibitor

1

Properties of and from Vartak (1975)*



C H A P T E R  VIII
B I B L I O G R A P H Y



BIBLlOGiUtHY
Ambe, K.S. and Sohonle, K. 

(1956)
Ambe, K.S. and Sohonle, K* 

(1956)
iirnris, C.J. ( 1966)
Andrews, P. (1965)
Anson, M.L, (1938)
Applebaun, S.W. (1964)
Jipplebaum, S.W. and 
Konijn, A.M. (1966)

Applebaum, S.W., Birk, Y., 
Harpaz, I. and Bondi, A,
(1964)

Archibald, W.J. (1947)
Arnon, R. (1965)
Arnon, R. (1970)

Astrup, T. and Klssen, U.
(1964)

Astrup, T. (1968)
Axen, R. ajid Irnback, S.

(1971)
Back, N. (1966)
Balls, A.K. and
Llneweaver, H. (1939)

Balls, A.K. and 
Ryan, C.A. (1963)

Barel, A.O. and
Glazer, A.K. (1969)

Belits, PI.K., Kaiser. K.P. 
and Santarius, K. (1971)

Experientla, 21, 302.

J. Bci. Ind. Res. 150, 136.

Scand. J. Haemat, 2» ‘*9. 
Biochemical Journal, £6, 595.
J. Gen. Physiol. 22, 79.
J, Insect Physiol. JO, 733.
J. Insect Physiol. jl£, 665.

Oomp. Blochem. Physiol. JJ., 85.

J. Phy. Colloid. Chera. 51, 1204.
Immunocheraletry, 2, 107.
Methods in Enzymolog-y, Vol. 19, 
p. 226.

Nature, 203, 255.

Ann. N.Y. Acad. Sci. _146, 601. 
Fur. J. Biochem. _13, 351.

Ped. Proc. 77.
J. Biol. Chem. 230, 669.

J. Biol. Chen. 2976.

J. Biol. Chera. 244, 263.

Biochem, Blophys. Res. Com-Tiun. 
42, 420.



27,S

Bender, M.L., Begue- 
Canton, M.L., Blakely, 
R.L., Brubacher,L.J., 
Feder, J,, Gunter, G.R., 
Kezdy, F.J., Killhefler, 
J.V., Marshall, T.«., 
Miller, C.G., Roeeke, 
R.W. and Stoops, J.K,
(1966).

Bergmann, M, (1942)
Bieth, J. (1973)

J. Amer. Chem. Soc. 88, 5890.

Bigelow, C.C. (1967)
Birk, Y. (1961)
Birk, Y,, Gretler, A, and 
Khalef, S. (1967)

Blumberg, S., Schechter, I, 
and 3erger, A. (1970)

Bowman, D.E. ( 1944)

Bowman, D.E. (1946)

Brockleh-urst, K. and 
Kierstan, M.P.J. (1973)

Bundy, H.F. and Mehl, J.W.
(1959)

Burger, W.C., Siegel'nann,
H.W. (1966)

Cavallini, D,, Graziani, 
M.T. and Dupre, S. (1966)

Chan, S.K. and Rees, D.C. 
(1975)

Cohn, E.J. and Edsall, J.T. 
(1943)

Cohn, E.J., Hughes, W.L.
Jr. and Weare, J.H.(1947)

Advances in Enzymology, 2, 49.
Proteinase Inhibitors, Proceedinrs 
of the 2nd International Confer
ence. p. 462, Fdited by Fritz, H., 
Tschesche, H., Green, L.J. and 
Truscheit, E. Springer-Verlag 
Edition, New York,
J. Theor. Biol. 16, 187.
Biochem. Biophys. Acta, 378.
Biochim. Biophys. Acta, 147, 402.

Fur. J, Biochem. 15, 97.

Proc. Soc. Fxptl. Biol. ?>?ed, 
57, 139.

Proc. Soc. Exptl. Biol. Med, 
§lf 547.

Nature, 242, 167.

J. Biol. Chem. 234, 1124.

Physiol. Plant, _19, 1089,

Nature, 212, 294.

Nature, 250, 240.

”Protein, Aminoacids and peptides” 
Reinhold Publishing CorT). , New York.
J. im. Chem. Soc. jW, 1753.



279

navis, B. (1964)
Dlouha, V., Keil, B. and 
Sorm, P. (1963)

Drenth, J., Jansonius, J.N., 
Koekoek, R., Swen, H.M, 
and Wolthers, B.G, (1968)

Dua, R.D., Bedi, G.S. 
and Dixit, A. (1975)

Ebata, M. and Yasunobu,
K.T. (1962)

Ellman, G.L. (1958)
Engluad, P.T., King, T.P., 
Craig, L.C. and Walti, -A. (1968)

Epstein, G.J., Anfinsen,
0.8. and Sela, (1962)

Erickson, S. (1964)
Erikson and Larrson (1975)
Erlanger, B.F., Kokowsky,
N. and Cohen, W. (1961)

Feeney, R.E, and Allison, 
R.G. (1969)

Feeney, R.E., Means, G.E. 
and Bigler, J.C. (1969)

Feeney, R.E. (1971)

Feinstein, G. and Feeney, 
R.E, (1966)

Feinetein, G. (1971)

Filho, X.J. (1973)
Finkenstadt, W.R. and 
Laskowski, Jr. (1967)

Ann. N.Y. Acad, Sci. 121. 404,
3iochem. Biophys. Ree, Comraun. 
21* 66.

Nature, 218, 929.

Indian Journal of Biochem. 
Biophys. J_2, 86,

J. Biol. Chem. 237, 1086.

Arch. Biochem. Biophys. 74, 443. 
Biochemistry, 7, 163.

J. Biol. Chera. 34 53.

Acta. Scand. 175, 197.
Nutritional Reviews, _33» 189. 
Arch. Biochem. Biophye. 95, 271.

Evolutionary Biochemistry of 
proteins. Homologous and 
Analogous proteins from Avian 
Egg whites. Blood Sera, Milk 
and other substances, p. 51, 
Wiley-Intersdience, New York.

J. Biol. Chem. 244, 1957.

Proc. Int. Res. Conf. Proteinase 
Inhibitors, 1st 1970, ed. 162,
J. Biol. Chem. 241, 5133.

Proc, Int. Res. Conf. Proteinase 
Inhibitors let ed. 1970, p, 38.

Physiol. Plant, 149.
J. Biol. Chem. 242, 771.



240

Fisher, H.F. (1964)

Fieke, C.ii. and Subba Row,
Y. (1925)

Fossum, K, and '^itaker,
J.R. (1963)

Poster, R.J. and Ryan, C.A.
(1965)

Fraefel, W, and Acher, R.
(1968)

Fraenkel, G.S. and Lelner,
I.E. (1954)

Francois, C., Marshall, R.D. 
and Neuberger, A, (1962)

Frank, B.H. and Veros, A.J. 
(1963)

Frattali, V. (1969)
Fr at tali, V. and
Steiner, R.F. (1969)

Frit!3, H., Schult, H., 
Neudecker, M. and Werle,
E. (1966)

Fritz, H., Huller, I., 
Wiedemann, M. and Werle,
E. (1967)

Fritz, H., Gebhardt, M., 
Fink, E. , Schrarnra, , 
and Werle, E. (1969)

Fritz, H., Fink, F., 
Gebhardt, r̂ .,
Hochstrasser, K. and 
Werle, E. (1969)

Fritz, H. and Tschesche, H.
(1970)

Gennis, L.S, and Cantor,
C.R. (1976)

Proo. Natl. Acad. Sci. (USA), 
51, 1235.

J. 3iol. Che^. 66, 375.

Arch. Biochem. Biophys. 125, 
367.

Fed. Froc. 24, 473.

Biochim. Biophys. Acta, 154■ 615

Agril. Pood Chem. 2, 410.

Biochem, J. 83, 335.

Fed. Proc. 27, 392.

J. Biol. Chem. 2£4, 274. 
Biochem. Biophys. Res. Oommun,
H .  480.

Angew. Chem. Internat. Fd. 5, 
735.

Hoppe-Sevlers. Z. Physiol. Chem,
348, 405.

Hoppe-Seylers. Z. Physiol. Chem. 
350, 129.

Hoppe-Seylers Z. Physiol. Chem. 
350, 933.

Proc. Int. Res. Conf. Proteinase 
Inhibitors (Munich) 1st Edition. 
v/alter-de-Gruyter publications. 
New York,
J. Biol. Chem. 251, 734.

Glazer, A.N. (1966) J. Biol. Chem. 241, 3911,



241
Glazer, A.N, and Smith, 
E.L. (1971)

Goodwin, T.W. and ’Norton, 
R.A, (1946)

Gorlni, L, and Audrain, L. 
(1953)

Green, and Work, E.
(1953)

Greene, L.J., Rigbi, 
and Fackre, D.S. (1966)

Greene, L.J. and Bartlet,
D.C. (1969)

Greene, T.R. and Ryan, C.A, 
(1972)

Grob, D. (1949)
Gundlach, G. and Turba,F,

(1965)
Haendle, H.I., Trautschold,

I., Vogel, R,, and 
Werle, E. (1965)

Ham, W.L. and Sandstedt,
R.M. (1944)

Harry, J.3. and Steiner,
R.P. (1969)

Haynes, R. and Feeney, R.E,
(1967)

Haynes, R., Osuga, D.T. and 
Feeney, R.E. (1967)

Haynes, R. and Feeney, R.F. 
(1963)

Hercz, 0. (1973)
Hill, R.L. (1965)
Hites, 3.1'., Sandetedt, R.M. 

and Schaumberp, L. (1951)
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( 1967)

Kress, L.P., Wilson, K.A, 
and Laskowski, M. Sr. 
(1963)

Kuhlenschmldt, M.S.,
Yunis, E.J., Lammarino, 

Turco, S.J., 
Peters, S.P. and Glew, 
R.H. (1974)

Kunltz, M. and Northrop,
J. H. (1936)

Kunitz, M. (1947)
LaBar, I.F. (1966)

Biochim. Biophys. Res. Commun, 
IS, 255.

Biochemistry, _5, 3449,

Methods in Enzyraolopy Vol. 19. 
page 840. Edited hy Perlmann, 
G-.E. and Lorand, L. Aca.demic 
Press, New York.

J. Am, Chem. Soc. 70, 3034.

Biochem. Biophys. Acta, 334, 179.

J. Biol. Chem. 207, 515.

Adv. Enzymol. J_9, 267.

Planta, 96, 281.

Cited from Laskowski, M, Jr. and 
Sealock, R.W. p. 420 - Enzymes 
Vol. Ill (Ed. Boyer, P.P.) 
Third Ed., Academic Press.

Biochemistry 9, 2646.

7. Physiol. Chem. 348, 1500,

J. Biol. Chem. 243, 1758.

Lab. Invest. 31, 413.

J. Gen. Physiol. 19, 991.

J. Gen. Physiol. 30, 291. 
Biochemistry 5, 2368.



24 J

Laskowski, M, Jr. and 
Laskowskl, Sr.(1951)

Laskowski, M. Sr. and 
Wu, F.C. (1953)

Laskowski, M, Sr.,
Kassel, B. and 
Hagerty, G. (1957)

Laskowski, M. Jr. and 
Sealock, R.W. (1969)

Laskowski, M. Jr. and 
Sealock, R.W. (1971)

Laskowski, M. Jr. and 
Sealock, R.W. (1971)

Laskowski, M, Jr. and 
Sealock, R.W. (1971)

Learmonth, E.M. (1951)
Leamonth, E.M. ( 1953)
Leary, T.R, and
Laskowski, M. Jr. (1973)

Lenney, J.F., Matlle, Ph., 
Wieraken. A., Schellenberg 
M. and Meyer, J. ( 1974)

Lenney, J.I. (1975)
Levin, Y., Pecht. M., 
Goldstein, L. and 
Katchalski, E. (1964)

Liener, I.E. and 
Kakade, ^.L. (1969)

Light A ., Frater, R., 
Kimmel, J.R. and Smith, 
E.L. (1964)

Lineweaver, H. and 
Schwiratner, S. (1941)

J. Biol. Chem. 190, 563.

J. Biol. Chem. 204, 797.

Biochem. Biophyp. Acta, 24, 
300.

Biochemistry 3, 3703.

’’The Enzymes”, vol. Ill,
p. 376,CEdited by Boyer, P.D.) 
3rd Ed., Academic Press, N.Y.

”The EnzymesV Vol. Ill, p. 3B5, 
(Edited by Boyer, P.T.) 3rd 
Ed., AcadeTiic Press.

"The Enzymes", Vol. Ill, p.373, 
(Edited by Boyer, P.D.), 3rd 
Ed., Acadeitic Press.

J. Sel. Pood Airrl, _2, 447.
J. Sci. Pood Agri. 9, 269.
Fed. Proc. Abe. 1363

Biochem. Biophy?. Res. Commun, 
60, 1378.

J. Bacteriology, 122, 1265. 
Biochemistry 3, 1905.

"Toxic constituents of plant 
food stuffs" Liener I.E. 
Edition, Academic Press, New 
York, p. 7.
Proc. Natl. Acad. Sci, US, 52, 

1276.
Enzymologia, 10, 81.

Lipke, H. , Eraenkel, G.S.(4 
Leiner, I.E. (1954)

J. Agr. Food, Chem. 2, 410,



245

Liu, W.H., Felneteln,G.» 
Osuga, D.T. and 
Haynes, R. and Feeney, 
R.E. (1968)

Liu, W., ftleane, G.E. and 
Feeney, R.E. (1971)

Lowry, O.H., Rosenbrough, 
N.J., Farr, A.L, and 
Randall, R.L. (1951)

Lugg, J.'V.H. (193B)
Martin, C.J. and

Axelrod, i.E. (1958)
Matls, P. and Mori, F.K. 

( 1968)

Melville, J.C. and Ryan, 
C.A. (1970)

Melville, J.C. and Ryan,
O.A, (1972)

Mickel, C.E. and 
Standieh, J. (1947)

'Nikola, J. and Enari, T.M, 
(1970)

riikola, J. and Suolinna,
E.M. (1971)

\fikola, J., Kirsi, M.
(1972)

fJIitchel, R.E.J., Chaiken,
I.M. and Smith, E.L.
(1970)

Moore, S. and Ptein, W.H. 
(1943)

Moore, S. (1963)
Moore, S. and Stein, ^.H.

(1963)
Murao, S. and Sato, S.

(1972)

Biochemistry 7, 2386.

Biochem. Biophys, Acta, 229, 176, 

S. Biol. Chem. J93, 265.

Biochemical J. 32, 775.
Biochim. Biophyp. Acta, 52,

Ann. N.Y. Acad. Sci. U6, 715.

Arch. Biochem. Biophy. 13B, 700.

J. Biol. Ghera. 247, 3445.

Univ. Minn. Agr. Fxp. Sta. Tech, 
Bull 173. Cited from Ann.
Rev. plant Physiol. (1973) 24, 
136.

J. Inst. Brew. 76, 182,

Arch. Biochem. Biophys. 144, 566,

Acta. Chem. Scand. 26, 737.

J. Biol. Chem. 245, 3485.

J. Biol. Chem. 176, 367.

J. Biol. Chem. 233, 235,
Methods in En^^ymolopy, Vol. 6, 

319.
Agril. Biol. Chem, 3§.t 160,



24«
Mycek, M.J. and Fruton,

J. E. (1957)
Neikamp, C.'?., Hixson,

H.F.f Jr. and Laskoweki, 
M.Jr. (1969)

Noda, K., Terada, S.,
Mitsuyaeu, N., Wakl, M., 
Kato, ®. and lOTmiya, N.
(1971).

Ota, S., Moore, S. and 
Stein, W.H. (1964)

Ozawa, K. and Laekovaskl,
M. Jr. (1966)

Papaioannou, S.E. and 
Llener, I.E. (1970)

Peanasky, R.J. and 
Ghaleb, M,A, (1970)

Perletein, S.H. and Kezdy,
F.J. (1973)

Peterson, E.A. and Sober, 
H.A. (1956)

Pubols, M.H., 3artelt, B.C. 
and Greene, L.J. (1974)

Rackis, J.J., Sesame, H.A., 
Mann, R.K., Anderson, R.L. 
and Smith, A.K. (1962)

Rackis, J.J. and Anderson, 
R.L. (1964)

Radoeva, A. (1973)

Ramirez, J.S., and ‘Utchell, 
H.L. (1960)

Rancour, J.U and Ryan, C.A.
(1963)

Reddy, N.M., Keim, P.S. 
Heinrikson, H.L. and 
Kezdy, F.J. (1975)

J. Biol. Chen. 226, 165.

Bioche’nistry 8, 16,

Naturwiss, 147.

Biochemistry, 3, 130.

J. Biol. Chem. 241, 3955.

J. Biol. Chera. 245, 4931.

Proc. Int. Res. Conf. Proteinase 
Inhibitors 1st Ed. 1970 p. 282,

Ab. No, 5022 7f in chemical 
Abstracts 79 (9):110.

J. Am. Chem. See. 78, 751.

J. Biol. Chem. 249, 2235.

Arch. Biochem. Biophys. 471.

Biochem. Biophys. Res. Coramun. 
25, 230.

Abst. No, 566470 in Chemical 
Abstracts 78 (9),

J. A,s:ri. Food. Chem. 3, 393,

Arch, Biochem. Biophys. 125, 330. 

J. Biol. Chem. 250, 1741.

Rekosh, D. (1972) J. Virol. 9, 479.



247

Reisfeld, R.A. ( 1962)

Rhodes, M.B., Bennett, N, 
and Feeney, R.E. (1960)

Rigbl, M. and Greene, R.J, (1968)
Royer, A., f̂ iege, M.N., 
Grange, i., Miege, J. 
and ‘Jascherpa, J.M.
(1974)

Rubin, H. (197o)

Nature, 195, 281. Reisfeld,
Lewis and Williams Phamphlet 
from Ames Company, Division 
'.fiks Lab. Inc. Fllcharl, Indiana, 
U.S.A.

J. Biol. Chem. 235, 1686.

J. 3iol. Chem. 243, 5457.

Planta (Berl) 119, 1.

S c i e n c e  16^,  1 ? 7 1 .

Ryan, C.A. and Balls, B.A, (1962)
Ryan, C.A. and Clary, J.J.

(1964)
Ryan, C.A., Clary, J.J., 
Tomimatsu, Y. (1965)

Ryan, C.A. (1966)
Ryan, C.A., Huisman, O.C. 
and Vandenburgh, R.V/. (1968)

Ryan, C.A. and Kassel, 3, 
(1970)

Ryan, C.A. (1971)

Ryan, C.A. (1973)
Ryan, C.A., Means, G.E., 

and Feeney, R.E. (1974)
Sato, S. and ’̂Jurao, S. ( 1973)
Sato, S. and Murao, S.(1974)
Sato, S., Kimura, T. and 
Murao, S. (1975)

Schaohman, H.K. (1957)

Proc. Natl. Acad. Sci. US. 
1839.

Arch. Biochem. Biophys. 108, 
169.

Arch. Biochem. Biophys. 110, 
175.

Biochemistry, 5, 1592,
Plant Physiol. £5, 484.

Methods in Enzymology, Vol. 19, 
833.

Biochem. Biophys. Res. Comraun.
■'44» 1^65.
Ann. Rev. Plant Physiol. 24, 186,
Accounts of Chemical Research,
7, 315.

Agri. Biol. Chem. 37, 1067.
Agri. Biol. Chem. 587.
Agrll. Biol. Chem. 39, 415.

Methods in Enzymology, Vol. 4» 
p. 32. Ed. Colowick, T.P. and 
Kaplan, O.U., .Academic Press, 
New York.



248

Sohaok, P. (1967)
Schnebli, H.P. and Burger, 
M.K. (1972)

Schwick, H.G-,, Heimburger, 
N. and Haupt, H. (1966)

Schrode, J.

Sealock, R-’7. and
laskowski, M, Jr. (1969)

Sefton, B.M, and Rubin,
H. (1970)

Sen, L.C. and Whitaker,
J.R. (1973)

Ehain, Y. and Mayer, A.M.
(1965)

Shain, Y. and Mayer, A.M. (1968)
Shapiro, A.I., Vinuela, E. 
and laizel, J.V. (1967)

Sharp, H.L., Bridges, R.A., 
Krivit, W. and Friuer,
E.F. (1969)

Shyamala, G. and Lyman, R.L.
(1964)

Sluyteirnan, L.A.E. (1967)
Sluyterman, L.A.F. (1967)
Smith, E'.L. and Parker,
M.J. (1958)

Sohonie, K. and 3handarkar, 
A.P. (1955)

Sohonie, K., Huprikar, S.V. 
and Joshi, M.R. (1959)

C.R.Travel Lab., Carlsberg, 67.
Proc. Natl. Acad. Sci. (US) 69, 

3825.
Z. ges. Inn. Med. 21, 193.

Cited from Laskowski, Jr. and 
Sealock, R.W. (1971). The 
Enzjnnes, 3, p.389 -(Ed. Boyer, 
P.T).) 3rd“Edition, Academic 
Press, N.Y.

Biochemietry 8, 3703.

Nature, 227, 843.

Arch. Biochem. and Biophye. 158, 
623.

Physiol. Plant 18, 853.

Phytochemistry, 7, 1491.

Biochem, Biophys. Res, Commun, 
2a, 815.

J. Lab. Clin. Med. 73, 934.

Cand. J. Biochem. 4£, 1825.

Biochim, Biophys. Acta, 139, 418. 
Biochlm. Biophys. Acta. 139. 430. 
J. Biol. Chem. 1387.

J, Sci. Ind. Res, 14C, 100,

J. Sci. Ind. Res, 180, 95.

Steiner, R.P. ( 1954) Arch. Biochem. Biophys, 49, 71.



24ii
Steiner, R.F, and Fratalli, 
V. (1969)

S u m a t h i, S . and
Pattabiraman, T.N. (1975)

Sumathi, S. and
Pattabiraman, T.N. (1976)

Summers, D.F. and Maizel, 
J.Y. (1971)

Taber, R., Rekosh, D. and 
Baltimore, D. (1971)

Taber, R., Wertheimer, R. 
and Golrick, J. ( 1973)

Tauber, H., Kershaw, 3.8. 
and Wright, R.D, (1949)

Thompson, i.G. (1968)
Trautschold, I. (1965)

Tschesche, H. and Klein, H. 
(1963)

Tschesche, H., Klein, H, 
and Reidel, a. (1970)

Tschesche, H., and Wachter,
E. (1970)

Udaka, K. and Hayashi, H*
(1965)

Umezawa, H., Aoyagi, T., 
Morishima, H., Watsuzaki, 
M., Hamada, H. and 
Takeuchi, T. (1970)

Umezawa, H. ( 1972)

Uy, R. and Peeney, R.E.
(1970)

Vartak, H.G. (1975)

J. A^ri. Food and Ohem, J7, 513,

Indian J. of Biochem, 8- Biophys,
12, 383.

Indian J. of Biochem. Biophye.
13, 52.

Procd, Natl. Acad. &ci. (USA) 
2352.

J. Virol. 3, 395.

J. ?̂ ol. Biol. 80, 367.

J. Biol. Chem. 179, 1155.

Ann. F.Y. Acad. Sci. 146, 540.
Cited from Vogel, R., Trautschold,
I. and Werle, E. (1968)
•'Natural Proteinase Inhibitors”, 
Academic Press, New York, p. 31t 
32 (301 Ref.)

Z. Physiol. Chem. 349» 1645.

Proc. Int. Res. Conf. Proteinase 
Inhibitors, 1st Fd. p. 299.

Hoppe-Seyler'e Z. Physiol. Chem. 
351 . 1449.

Biochim. Biophys. Acta. 97, 251.

J. Antibiotics, 259.

Enzyme Inhibitors of Microbial 
Origin"p. 15-20, University 
park press, London.

Proc. Int. Res. Conf. Proteinase 
Inhibitors 1st Fd. ( 1970), 164.

"Proteinase inhibitors”. A thesis 
submitted to the University of 
Poona, India.



2f)0

Ventura, and Filho,
J. (1966)

Ventura, , Filho, X.J.,
Moreira, R.A., ŷ quino , 
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LIST OJ!' î BBRiVI-ATIOî S

BAKL - N-benzoyl-L-arfinine ethyl ester.
3APWA - N-3enzoyl-DL-arflnlne-2 -nltroanilIde.
3ie - N,N’-methylene-bis-acrylamlde
CM-cellulose - Carboxymethyl cellulose
DMi— cellulose - Diethylaminoethyl cellulose
Dip - Di-isopropyl fluorophosphate.
DTx<3 - 5-5* dithio-bis-2-nitrobenzoic acid.
i,DTii - Ethylenediamine tetracetate.
Grbii - Heduced glutathione.
Na3H^ - Sodium borohydride.
OD - Optical density (absorbance)
a o d - Change in optical density (absorbance)
£CMi3 - 2-chlororaercuribenzoate.
r.p.m. - Revolutions per minute
S - Svedberg unit (10”^^sec) of sedimentation 

coefficlent.
- m - Sulfhydryl group.
bBTI - Soybean trypsin inhibitor (Kunitz)
bDb - Sodium dodecyl sulfate.

- Tetraethylmethylethylened iamine
Tris — Tris (hydroxyraethyl) aminomethane
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