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SPECIFICITY AND ESSENTIAL GROUPS IN ALHAGAIN® . -
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A systematic investigation has been made to determinc the .relation- -

ship between the proteolytic activity and the reactive groups of alhagain. ~

- The effects of certain oxidising, reducing, - SH group blocking agents,
o metal chelating agents, metallic ions and certain other specific agents on the
" reactive groups and the proteolytic activity of the enzyme have been |
studied. The results show that - SH group of the enzyme may be esscotial - :
. - 1 P c .

for its activity, -

The specificity of alhagain has been studied by quantitatively estimating -
the free-amino acids, N-and C - terminal amino acids of - the ;. peptides -
liberated from the hydrolysis of B - chain of oxidised insulin for.6 hours..
. With reference to the known structurc of the B-chain, the major..sites of . ...
action of alhagain have becn dcetermincd. Results indicate that athagain
preferentially attacks peptide bonds involving the amino or carboxyl o
groups of phenyl alanine, amino groups of - alanine and serinc and -
also carboxyl groups of lysine and glycine. ’ : S

Introduction

The activity of an enzyme is generally:

dependant on the cssential reactive groups
present in the active centre. In order (o
determine the essential reactive group of
an enzyme, studies .on the chemical
maodifications ‘of the reactive  groups and

* Presented at “the 46th Annual meeting of the
society of Biological Chemists (India), Madras-
September 1977. Forms part of the thesis of onc
of the authors (KY) approved for the award of
Phe 1), degree of the Madras University (1978).

Abhbreviations

HALE, o -N-Renzovl-l arginine ethy) ester: BAMF,
o -N-Benzoyl-b - arginine mcthyl cster; BAA, o - N-
Henzoyl-L-arginine amide; BAPNA « - N - Beazoyl -
1 -arginine - p - nitroanilide; ATEE, N - /‘\ccl_yl'- L-
tvrosine  cthyl ester; CBZ, Carbobenzoxy, DIEP,
Diisapropy! {luoro phosphate; PCMB, p-chloro-
mercuribenzore acid; EDTA, Ethyicne diamine tetra
acelate. .
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the action of certain.specific reagents on":(hc._ et

activity of the enzyme .arc necessary.
The sulphydryl group has been :observed
10 be cssential for the activity of ficin’
and calotropain®. The phenolic group -has.
been shown to be essential for solanain

activity’. Phenolic and sulphydryl groups”

have been found to be essential for the
activity of - papain®*, The action of certain
specific reagents on the activity of various
plant  proteases Viz., papain®', ficin®,
sorghum acid protease’, alkaline - protcase
from Agave americana variegata'®, proteinase
from Phascolus  vulgarisvar \Perlicka't and
actinidin®™ have been reported in recent

years.

Kiiowledge of the specificity of enzymes
pful in understanding their mechanism
of action. Papain
amidase and esterase activities and is
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capable of hydrolysing those bhonds which
are formed by the basic amino acids not
substituted on the side chain amino group'®,
Phaseolain_is reported to have a_broad
specificity and is found to release acidic,
basic and neutral amino acid residucs
as well. as proline, although adjacent

acidic  residues  in  a peptide  appear
to-inhibic the  enzyme'  McDowall™
has. veported the  action  of proteinase

Ay of Adetmidio chinensis on the B - chain

ol oxidised  insulin. The specificity of

four sulphydry) endopeptidases (*“Ficins') -

of Ficus glabrata latex on the B - chain of

oxidised insulin, casein and synihetic ester -

substrates has  bheen reported'®,”  Stem
bromelain has been found to .possess a
relatively broad specificity against B - chain
of oxidised insulin and glucagon", A
Comparative study of specificity of ficin
with that of bromelain has been carricd
out by Kortt ef ql'® using s'_ynlhcg‘ic sub-
strates, A -and B-chains of insulin. On
studying the specificity of the sorghum
acid protease with synthetic peptides and
ribonuclease A, Garg  and + Virupaksha *
have found that -the ‘enzyme  specifically
cleaves the peptide linkages involving the
« - Carboxyl group of ecither ‘aspartic acid
or glutamic acid with -the release of acyl
portion of these amino acids. The enzyme
has alsu been found to have a requirement
for unsubstituted side chain carboxyl groups
of aspartic.and.glutamic acids in.-its:sub-.

strates.: The -hydrolysis of peptide- bonds .

formed by the carboxyl group of - aromatic
amino acids and the branched aliphatic
amino ‘acids by agave protease has been
reported.'*  The enzyme has not been
found to. hydrolyse small substrates like

dipeptides.’

‘the present investigation, a systematic
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was'‘undertaken in- order to find-
out the pature of the reactive groups of
alhagain that are essentjal for its enzymic

activity.  Studies. on the specificity  of

action of alhagain on a standard polypep-

tide chain viz, the B -chain of oxidised

insulin and on certain synthetic substrates
* have ‘also been carried out, -, -

j‘Malerials und Mecthods

Materials

" BAEE, BAA, BAPNA., N- CnZ -1 -
‘Glutarmyl - I, - Tyrosine and  DFP  were
_ purchased from Sipma Chemical Company, -
" St Louis, U S A. BAME and PCMB were
obtained from Koch - Light  Laboratories
.Lid., Colnbrook, England. CBZ - Glycyi - L
~Trypiophan and N “Acctyl - L= Tyrosine
“‘amide were supplicd by Mann Rescarch

~* Laboratorics, Inc., New York. Crystalline

insulin,. ATEE and'8 - hydroxy - quinoline
were purchased from BDH Chemicals Lid.,
" Poole, - England.™ Glutathione; ovomucuid
_and O-phenaiithrolin hydrate were obtained
wfrom. S. A, F_ Hoffminn - LA. Roche and
Co. Lud., Swilzerland, V. P, Chgs},!uslilulq
Delhi and E. Merck, W. Germany=respec- -
tively. All other chemicals were of
analytical or reagent grade, IR

-—
3

“"Enzyme used ‘ .
Alhagain, the ncutral prt;lealse present in
~ the leaves and barks of-jawasee shrub was
purificd to a homogencous product accor-
ding “to the procedure - described by
‘Yeshodha ‘et al.*® - ‘Sufficient ““amount’: of
.alhagain -.was. prepared,;’stored < il
refrigerator_ and..was ' ‘used: ‘throughout!th
-present -investigation

Enzyme assay . . ; : e

The proteolytic activity of alhagain was
estimated by- colorimeiric method as des-
cribed by Yeshodha er al." The :proteolytic
activity is expressed™ as®unit of enzyme
activity and is defined ‘as- the -amount ‘of
enzyme that liberates oné 1microg?21n1}.=',o[‘l
tyrosine’” from -cgy .albumin; '

LEZATHER SCIENCE, ¥ol. 15, 1978,

and 45°C in;z30,minutcs..' R




DU TR AR N T Y

“$

Efjects of certain reducing, oxidising, metallic
ions, - SH group blocking and certain other
agents oir the proteolytic activity of alliagain,

Sml.  portions of alhagain solution
(5myp/100mt) were mixed with equal
valumes of each of the reducing, oxidis-
ing, -SH eroup blocking agents or metatlic
salt soluttons and incubated at 37°C for
3 hours at the end of which the “proteolytic
activity of the mixture was determined,
A control cxperiment was run under
identical conditions by adding 5 ml. of
bidistilled water to the enzyme solution,

As the solutions of certain reagents, eg.
malcic acid, iodoacetic acid and sodium
cyanide were  capable of changing’ the
pH of the - enzyme solution, . the-.
pH of these reagent solutions was .adjusted -
to 6.0 prior to their addition. As PCMB
was not fully soluble in water, it was
dissolved in 0.1 N sodium hydroude
solution and then made up to the required
volume.

Specificity of alhagain on B- chain of oxidised
insulin

to study the specificity. .of
alhagaio, the B - chain of oxidised insulin
was used as the substrate, The B-chain
was prepared from the - crystalline insulin
by the performic acid oxidation mcthod.*

In order

90 mg. of the substrate dissolved in 18ml. '

_effect  of
~—SH group blocking and other agents. on

portions of veronal buffer- (pH 6. 0) were
mixed with 30mg. portions of alhagain
and 0.1ml. of merthiolate in stoppcred
bottles and incubated at 40° C for 6 hours.
After the incubation .period, the mixture
was. mixed with an cqual volume of 10%
trichloroacetic acid, warmecd on a boiling
water bath and coolcd. The resulfing
precipitate was-removed by centrifugation
and washed with 5% tri;czl_lloroacclic acid
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solution,

acid.

spectfically  cleaved, an  aliquot of this
solunion was used for the determination

The washed liquor was. added
to the main supernatant and the mixture was
extraclcd several times with equal volumes
ol’ahydrous cther to remove trichloroaceiic
The aqueous solution. was .. made
upto a known volume with distilled water..
In order to find out the bonds that are

of free amino acids and N - terminal amino

of peptides and the remaining
used for the C-terminal

acids
solution was

amino acids of peptides by the proccdurcs

as described, by Dhar and. Bose, n’

In order to smdy the speclﬁcny ul
alhagain on ccrtaln synthetic subs(ralcs,
.the modificd alcohol titration method of -
_Grassmann and Heyde?®* was followed.’
.Each of

‘aliquot from the digestion mixture was

titrated dguinst 0.01 N alcoholic- potassium -

hydroxide using 0.1% alcohollc thymolph-
thalein as the indicator.s.In each-case; u
“¢ontrol was run .in an .identical - mannet
except that boiled enzyme was -used
place of alhagain.” The extent of hydrolysns
‘was calculated from the- net titre value:
and expressed-as relative enzyme activily.

Results

The data obtained with regard to' the
oxidising, reducing, specific

the enzymic activity of alhagain are

présented in Tabl: |

. The various reducing agents that have

been studied were found to cnhance the
_proteolytic

activity of the enzyme -to
dilferent degrees.  Among  the oxidising
agents, potassium pcrmanganate and iodiue

70

the :synthetic- isubstrates *‘was!’
incubated with alhagain :(10:1) for 24 -hours’ -
at 37°C at pH 6.0. After the period, ah

 Specifcity of “”.'ﬂgqm on synilietic” subsirdres .

11




. Werc observcd

RS Lhipe ’p .
_ scrmc»xnh_ibxtor, was found to have no cﬂ'cct'.'"'

on the acuwty of” alhagaln. ‘Ovomucoid,

_wh:ch isva speclﬁc inhibitor of trypsin,.

was found to Inhlbll ‘the cnzyme “activity
partlally._ Urea ‘was round 10" mcreaﬁe the

proteolytic: acnwly of ‘the™ enzymc PCMB'

was found ' to. complelcly inhibit".
_acuvuy of alhagam. “The 'metal- chelarmg

“agents, " viz.!.~8 - hydroxy qumolme, Q=
- phenanthrolin- , hydrate. and 'EDTA were.
“found to: enhancc the: proleolyuc aclwuy_

of alhagam. Resorcmol and bcnzoqumonc

completely

Resulig oblamcd wnh respccl ‘to the

metallic ions.on (he aclwny of nlhagamg

are pfcsented in. Tablc 2. \
Out of thé various metallic salts’ that
have been ‘studied, manganese ‘chloride,
copper sulphate, silver mtratc. magnesnum

chloride and,calcmm chlondc ‘were “found -
No significant -

‘to- activate’ the enzyme.
effect -was- observed in ' the * cases of
zinc chloride, ammonium’ sulphate, disodium
hydrogen phosphaté and potassium dihydro-
gen phosphatc A slight degree of inac-

tivation was observed ‘with regard to lead
and nickel chlorides.- Chlorides of mercury -

and sodium. inhibited the
derably while, ferric chloride
completely.- '

enzyme consi-
inhibited

The different amino acids lib2rated from
the B-chain of oxidised insulin by the
nction of alhagain are presented in Table 3
und the main sites at which cleavage
occured in 6 hours of hydrolysis are
indicated by arrows in Fig, I.

T

cof - certnin reduclng. oxldlslng,l"l{ group
blocklng and olher agenls on nlhaenln :

ic " Reagent added (25 mM) "

' © Activity
(% of control)

.Glulnthione i
" Ascorbic acid
Sodium thlosulpha(e

" Thioglycollic acid -

-Sodium bisulphite - -

- .Sodium cyanide

‘Sodium sulphide -
Potassium_Permanganate

. Iodine” " *

Iodoaceuc ncud

K- vdroxy qumohnc "
o phenan(hrolm hydratc‘
EDTA:" -
Rcsorcmol
Benzoguinone

1760 . &
1474 .0
328.7
292,2
174.8

Cus3.9
151.3

L 54,8
2.0
8.3
“15.17

0

100

T}

- 0
3992, 2
B 6
_167.0

0,

0

TABLE 2

Effects of certain metallic salts on athugnin

A B M 2 e

j/\'ru;::'nl added (25 mit)

Activity
A% of contrul)

M.mgancsc chlorldc
*-Conpcr suiphate -
Silver-nitrate

* Magnesium chioride

Calcium Chloride

“Zinc chloride.

Disodiunt hydrogen phosphate -
Potassium dihydrogen phosphate
Ammonium suiphate

Lead chlon(lc .
Nickel chioride "
Mercuric Chloride

Sodium chloride

FFerric chloride

LEATHER SCIENCE, Vol, 5.
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297 .4
1852

153.9.
151.3

100 .0
o7 .
j04 |
UK,
53,
79.
.49 .
3.
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. Fig. 1: Comparison of the action of alhagain with those of other plant proteases on the B-cham of
@ : oxidised insulin.

The sites of cleavage of peptide bonds are indicated by arrows. * The strong. intermediate and weak .
; cleavages are derpted by double, single and broken arrows respectively. a,b, c,d&erepresent the ;.

-~  results reported by Mc Dowall's, Johansen eral.$, Johansen and Ottesen®®, Englund efal*t and Korit | ,
T et al'8 respectively. L ’ . : : R
. - '
1 2 3 4 s 6 7 8 9 0 12 13 14 (5 16 17 ie 15 p:
Phe—val— Asp —-Glu — Hi§— Loy — Cys—Gly—-—Ser—— ms -—Lau—Va!—Glu——Ma —Leu—Tyr — Lau — vil— Cy3— 3¢
NHa NHy _ : so,u $o4¢
: ALHAGAIN - o T
PROTEINASE A% * ‘
OF ACTINIDIA - 1 4+ T.7 T 1 T
CHINENSES .

et j I O t t
BROMELAIN ® T T o o 0 0 | T T

-3

e e 4 A W M U bt B T 0w

C a—Mc Dowall, M. A., onclum Biophys. Acta., 293, 226 (1973). ’
RN b—Johansen, J. T., Ottesen, M., Svendsen, I. & Wybrandt, G., Compz. Rend va Lab. C arlsberg, 36 365 (1968)
¢— Johansen, J. T., Ottesen. M., Conipt. Rend.Trav. Lab. Carlsberg, 36,-265 (1968). =

d—Englund, P. T., King, T. P., Craig, L. C. & Walti, A., Biochem., 7, 163 (1968).
e—Kortt, A. A., Hinds, J. A. & Zerner, B., Biochem., 13, 2029 (1974).
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TABLE 3

Yields of free amino acldy and N« and C- terminal
amino acids of peptides after the hydrolysis of B-
Chain of oxidised insulin by alhagain for 6 hours
{Results are uncoirected for losses and are expressed
us millimoles / 100 g. protein)

C-terminal

A/;;I'Im acids Fr-;’e N-terminal
Alanine 0.83 0 0.63
Pheny! alanine 6. 40 9.30 5.50
Serine 0 0.47 0
Lysine 0 0 0.67
Glycine 0 0 2.70
Total 7.23 . 9. 9.50
The results obtained with regard to

the action of alhagain on all the synthetic
substrates studied are presented in Table 4,

TABLE 4

Action of alhagain on synthetic substrates -

Synlhellc substrates Enzyme activity®

N- (.BZ L-Glutamyl L-Tyrosine - 4

BAPNA : ‘ $y
BAA U ‘ S
BAER . : .
BAME = L
ATBE . . ‘ =

CBZ-Glycyl-L-Tryptophan : -
N-Acetyl-L-Tyrosine amide -

*The relative activity is expressed as + 4 Good;
+ moderate and~none.

Discussion

As can be seen from Table ), all the
reducing agents studied were found “to
enhance the.activilty of alhagain, out of
which glutathione and ascorbic' acid
produced maximal activation. Glutathione
and ascorbic acid were found to be natural
activators of papain' and ficin® respecti-
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“activate ‘the

" permanganate .or iodine.

and Sasaki®

Sugiura
reported that ascorbic acid had no effect
and thiosulphate had inhibitory effect on the
activity of ficin. Glutathione was reported to

However,

" barley ‘acid prétcinase®".
Alhagain vesembles asclepain which was
found to be activated by cyanide *.papain
and euphorbain which were reported to be
activated by cyanide and  sulphite®™
proteases from germinated ragi (Eleusine
coracana)® and actinidin *® both of which
were - activated by cyanide and-sulphide.
Cyanide - was' found to activale’
pinguinain® and stem bromelain.” Alhagam
differs from phaseolain’ which was found

.to be .not’ activated’ by reducing agents',

Results obtained with respect - to the
action of oxidising agents on" alhagain
have indicated (Table 1) that all .the
oxidising " sgents inhibited the enzyme.

~ Among the oxidising agents studied,’ hydro- .
-gen peroxlde inactivated alhagaln comple-

“tely,

while “the .enzyme was partially
macuvntcd by the action of iodoaceiic

“acid and maleic acid. The activity of the

enzyme was found to be lnhlblted consi-
derably by the action . of po(asslum.
; Greenberg und
Winnick® -have reported the.
of some .plant proteases viz,, -asclepain;
bromelain” and papain by certain oxidising
agents. Other plant proteases which weie
reported to be.inhibiled by oxidising agents
are ficin*®. . euphorbain™ - actinidin'®;

'plngulnam" and mexicain.”

Since alhagam was found to have been
appreciably activated by the action of
reducing agernts and inhibited by oxidising
or - SH group -blocking agents, 1U appeais
that an-SH . group is essential’ “for- the
activity of dlhagain. 1ln this respect,
alhagain resembles ficin®** stem. brome-
lain' the acid proteinase of barley!
and the thiol protcinase isolated from

73
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buckwhcal -sceds® which wére reported
to bc specifically inactivated by PCMB.

Sincc alhagain is not inhibited by DFP
(Table 1), it does not belong to the
class -of serine protemses. Similar results
were teported in cases of papain®* stem

bromelain'’. and sorghum - acid. protease.®”

Ovomucoid, a trypsin inhibitor* was found
to have no inhibitory effect on the enzyme
and hence, alhagain does not seem to have
serine at the active site.

3 .
Urea . was observed to increase the

':p:olcolyuc aclivity of alhagain (Table 1).

The sulphydryl proteinase from Phaseolus-
vulgaris var. Perlicka was reported to zet
inactivated by urca under dillerent cxperi-
mental conditions.

Since the three metal chelating agents
studied (Table 1) were found not to
inhibit the enzyme activity of alhagain,
the possibility of the presence of any

‘metallic cofactor in- the active centre of

the enzyme is ruled out. The total
inhibition exerted by = ferric chloride
( Table 2) aud activation by 8- hydroxy-
quinoline suggests that the latter removes
trace of ferric ions. Activation by O-
phenanthrolin supports this view. Lack
of inhibition by mectal chelators was
reported in the cases of sorghum acid
protease,’ phaseolain' and agave protease;*-
Alhagain resembles  actinidin®  and
hromeldln," since enzyme activity in both
the cases was repoited to be enhanced in

the presence of EDTA.

"Resorcinol  and benzoquinone were

-ohserved to inactivate alhagain completely: -
.- These reag:nts were also reported to
. mhlbn ‘the proteolytic activity of papain. **

On s\udylng the effects ‘of variotis
metals ‘on the activity of alhagain, manga-
nese. chloride, copper sulphate, _silver

‘efi4

‘nickel  chloride,

“eforide.

‘free amino -dcids. : h
cleavage occuted-in.the B-chain of oxidised

chloridée  and

mangnesium and
found to

chloride’ were

nitrate,

calcium . -.
activate the enzyme considerably, while
-disodium hydrogen phosphate, zinc chloride,
ammonium sulphate and polaséium dihydro-
gen phosphate caused no significant cffect
~on the activity of alhdgam Lead chloride,

mercuric chloride and
sodium chloride caused significant inhibition
in enzymic activity. Athagain -was found
to be completely inhibited by ferric chloride
(Table 2). Papain and asclepain were
reported to get inhibited by Nit+, Cot+,
Zatt, Fett, Pbtt, Mntt and Fert++ s
Alhagain resembles stem bromeiain' and
ficin® since both thesc ecnzymes were
reported to be  inhibited by mercuric
The sorghum-acid protease was
reported to get inhibited by Hg*®, Ni*®
and Fe**+'  Alhagain also resembles the
sulphydryl  protetnase  isolated  from
Phoseolus vulgaris var. Perlicka which was

found'* to- be- inactivated -by- -mercury

compounds and " activated by calcium
compound.’ The partial inhibition of
alhagain by sodium chloride may be
compared with zmglbam which was also
reported to be inhibited by sodium
chloride *°.

As can .be seen from Table‘3, after
the hydrolysis of B-chain of oxidised

insulin by albagain for 6 hours,only 2 free

amino acids, viz. alanine and phenyl alarnine
and " peptides having 2 N-terminal amino
acids, viz. phenyl alanine and serine and 4
C-terminal amino acids, viz. alanine, phenyl
alanine, lysine and glycinc were liberated.
The main sites at which cleavage occured
in.the B-chain of oxidised .insulin by the
action of alhagain in 6 hours of hydrolysis
are indicated in Fig. 1. Alhagain hydrolyses
peptide bonds at residucs 8-9, 23-24, 24.25
and:29-30.in 6 hours, releasing peptides,and
' The - sites_2'at -which

LEATHER SCIENCE, VOL; 25, 1987.
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insulin by
in Fig, 1.
Stem bromelain
-alanyl or alanyl - plutamingl bond.
On €ymparing the amounts of free
acids or N -

of peptides liberated
.against the ftotal con

; ponding amino acids“ ‘occuring in (he
; B-chain of oxidised insulin, it appcirs
that phenyl alanine and glycine are liberated
‘ in higher amounts, while smatler quantities

of alanine, lysine and

! tially autack

L amino groups of alanine and serine and
also -carboxy! groups of lysine and glycine.
. Z Results presented in ‘Table 4 indicate
¥ that N-CBZ-L - Glutamyi.- L-Tyrosine and
A BAPNA were readily hydrolysed by alhagain.
! BAA and BAEE were moderately hydrolysed
, - whereas BAME, ATEE, CBZ-Glycyl-L -
~ i Tryptophan and "N-Acetyl L-Tyrosine
| amide were not hydrolysed by alhagain.

! A . )

o

BAA ‘was found to .be the best subsi-

rate for the action of ‘Papain.* BAME

“-was found -to be casily Hydrolysed by

' 'papai_n‘," whereas N-Bcnzoyl-L~tyrosine
ethyl ester was not found'to be hydrolysed

by papain, chymopapa'in and  papaya

! peptidase A BAA and BAEE were
’ reported to be easily hydrolyscd by ficin
{ Fruit bromelain was found .10 hydrolyse
i BAA and BAPNA greatly. - The fruit
I cnzyme. was relatively much more . active
; stem . bromelaqipn ¢
t

BAA . than .

AR against \.

The Protease from Actinidia Chinensis was.
.+ found to catalyze the hydrolysis of BAEE "
i The trypsin-like proteinase isolated from"
U Learuer SCIENCE, Vol. 2%, 1378
! i
i

-~ " -
. )A “ - -
14

T

the action of cerlain other
- plant proteses are also indicated by arrows

was found to hydrolyse
rlucagon extensivély cither at the arginyl

amino
and C~ terminal amino acids
in 6 hours hydrolysis
tent of the corres-

! serine are also
i liberated. Alhagain appears (o preferen-
bonds involving the amino
or carboxyl groups of phenyl alanine,

130, 669 (1939). L

[T SR

buckwheat secds was- shown (o hydrolyse
BAPNA and the ethyl ester of the arginine
derivative, but pot Benzoyl - tyrosine cthyl
ester:” ATEE was found 1o be a good
substrate for agave proteuse but not any
derivative of arginine  like BALE, cte
Smuth and Kinmme) reported that iy
hest subsirate for ficin is BAA or BAEL.
The best synthetic substraqes for papain
are derivatives of Benzoyt arginine or
lysine.* Stem bromelain ‘was.reported (o
hydrolyse BAEE. and B A cflectively ‘and
was found to have no action on CBZ-L-
Glu(amyLLvarosine and. ATEE ' [n (his
respect, alhagain resembles ‘bromelain for
its inability 1o hydrolyse ATEE. However,
it differs froni" bromelain since i s
capable of hydrolysing CBZ-L~Glulumyl-
L-Tyrosine. - o

“

.
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