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A systematic invc:stigntion hn~ been made to determine .the ·relatioD
ship between' thc protcolyiic activity and the reactive groups of alh.1gain. -

.'. " 

The effects of certain oxidising, reducing,. 5H group blocking' ageD Is, ' 
metal chelating agents, 'metallic ions and certain other specific agents on the 

. reactive groups and the proteolyllc activity of the enzyme have been .':::' .. , '. - ..... 
studied. The results show that- 5H group of the enzyme inay be esscotial ;,·'·,t,·br'.;:··i~."; .'" '., "'.j,' 
ror its activity. ~;'" ~ i '.' . .::. ::~ ::.~~ !,:"";,: 

. I . 

The specificily of alhagain has been studied by quantititively estimating' . ::::\ ',.' :.!:'\\::: : .... '. ~"'. 
the frec'amino acids, N - and C - terminal amino acids ·of' the Lpeptides .:!.::.· .. iJ~.·';·'i.':ii;.h; 
liberated from the hydrolysis of B - chain of oxidised insulin for,6 bours., ";, .... ;$;: ~:-·>,i,'.:,/,i .~,c . 

• Wilh reference to the known structure of the 0 - chain, the major ... lites or ,i·;,: "·,:.~ .. i:·c·:~,: .. ::::,i·. . ':.,: .:oJ:,:: :', 
aclion of alhngain havtl been determined. Results indicate that alhagaln . . ' '; '.;; !>:. . ,·.t· < 
prefercntially nttocks peptide bonds involving the nmino or carboxyl .. ," , '.: . .. .. '. ,. '. 
grouPs of phenyl alanine. amino groups of· alanine and scrine and' , ... -.- .-t .. ,;,:." "",;(:' r."':'-i . : :: .. :' . .":': 
.also carboxyl groups of Iysinc lind glycine. ' . , " ":'" . ; 

InlroduClioD 

The activity o~ an en7.yme is generally 
dependant on the e'Sscntial reactive group!! 
present in Jhe active c~ntre, In order to 
determine the essential 'reactive group IIf 
lin enzyme, studies' ·on the chemical 
ITlosfificat ionlof the reilet ive' grours lind 

• rre~erit~d al . the 46th Annual meeting of the 
lOCI£I) or 111010aical Chemisls C1ndia), Madras
$erlemher 1977. Forms parI of 11m thesis of one 
"I' Ihe "".hon (KY) apI'roved ror l.he award of 
Ph, I~, degree or 111C Madras University (1978). 

:\ hhho' h.linn. 

II.' 1'.1', .,.N. Ilcn/('yl.1 "r~~;ninc elhyl c\ln; liAr-IF. 
".N .. l\u llnyl.I.-:1rg;nine melhyl e~h~r: 111\1\, '" - N
Ikllmyl,',;ugiriinc amide: IIAI'NA,lo( - N . Ikllwyl-
1,1 ·ar~;ninl· - p - nilro;"dlidc: A'll'.!!, NO' "l·elyl·. L
I~ rosille l'Ih),1 ester: CDZ, C-ar"~)brnlllxy: 'DFP, 
Do i~Ol'ropYI ./1uoro phosphate; PCMB, p - chloro
,"ru:uriben7.on: acid: EDTA.Ethylene diumine letra 
IICI:I:lle. 

LE..4 {IfU< SC''II'<CE,' ... ,,1. 15. {978. 

't' 

.,', 
! " . ' 

the action of certain specific reagents on'thc ... ·','~,·· 
activity of the enzyme IIrc necessary." 
The sulphydryl group has been' ohserved 
to he essential for the aclivity of 'ficin' 
and calotropain' • The 'phenolic group ,hai 
be~n shown to be cssential for solsllain 

. acl ivity·. Phenoli'c and sulphydryl groups 
have beel; found to be essential for the 
activity of' papain"'~ Thc action of certain 
specific reagents on the activity of various 
plant proteases viz., papain"', ficin', 
sorghum acid protease', alkaline· protease 
from' Al!u\'c' nmnicnllQ varirgnla lO , proteinase 
frolll l'IIfUe"III,{ I"IIll:t,riJ\"{//' IPcrlicka" lind 
aelinidin 'v have been reported . in recent 

years. 

,!<-:p_(}~ledge of the specificity of enzymes 
is,~I~~,1prul in under~Ianding their. mechanism .. 
of aclion, Papain is known to possess 
amid<lse and esterase activities and is 

68 



.' .J 
l ,-, I 

{' . j 
I 
~ 
1 

" . ....... . 

, ~, . 

c:lpnblr ofhydrolysiol! Ihllse h"lllls which aC'ivity. Studics. on '''e: specificity or 
lIfC formed by the hasic amino ;I('ids not actioll or ulhagain 011 :1 slalidard polypt'p
substituted on Ihe ~ide chain amino group", tide chain viz, ·the n _ chain ofo;<idiscd 
Phaseolain. is H:ported to have a. broad insulin and oncertai~ ~yrilhetk' ~'ubstratcs 
spccillcity-and is'found to release acidic,'~hllve'aI5ti been carried out. ',' 

basic ~!1d neutral amino acid re~idues! Materials and 1\1ellIOds 
,,~ well. as proline, allllOugh adJacent· 
IIcidic • residues 111 a p«."ptide uppear Materia/,f 

10 illhihil. Ihc enzyme'" McDowall" liAEE •. 11,,1\. BAI'NA. N _ CIIZ _ L
has I<'pollcd II ... adi'lI, of pflltcimlse 'Glul'ali~yl-' L ... Tyrosillt' illld OF" wcre 

A, I'" ,fOil/ie/ill ('hiflellsis on the H - chain. purcllas"d ftom Sir-lin Chemical COtllr-:IIlY. 
(ll' flxidiscd ill~lIlin. The l'pccificily of' SI. ·l(lui~. U. s. /:.. nAME ':wd PC"'''I wac 
101li ~lIlp"ydr}'1 l·II.I(lpCJlli.",~("i ,'·Fidlls",· obt;tincd 'froili Kocl~ _ Light Lahuratorll" 
uf Fu.·".r glubrotu latex 011 thc, B - dll~in of . Ltd.;: Co!~br~ok; Enghind. CD.Z -: Olycyl : L 
ox it! ised insuljn, casein and synlhelic ester .. ::·-:Tr~piophan. :and N .. AcdyJ';."L'.;,,'Tyrosinc 
IIUb5lraies has heen reporled".' Stem' 'amidc were supplic:d by MllOlI Rescllrch 
blUlllclain has been f(lund 'to .possess a' ·Labor~tories. Inc:. Nc:w York. Crystalline 
relatively brond specificilY against n - ch"in .insulin,. ATEE and!8 _ hydroxy. quinOline 
of oxidised insulin and glucagQnlf. ,;A :.c\vere purchii~e" from DOH Chemicals Lid., 
comparal ive siudy of spcci/icity of ficin" Pooh~~.· Englarid7"Olutnthione: ovomucoid 
with that of bromclain hus. beei1 I:nrric:d .Jln~.·O~PilC:na~llirojin jlydrnle 'w~r~ obtaincd 
(llil by Kuru l·tIJ/'~ lI.sill!! $ynlhc!Jc S}!~~ .. .':'Jr.om. S .. A . .Fq,J·IQrfnHinn,- l-" ... Roche' and 
stnlll.'S, A '1111~ Ii - ch:iins of insulin. Qn Co. Ltd., Switzerland,' V. P. CheSl.Instilutc 
studying Ihe specificity of the' sorghum Delhi and E. Merck, W." GerrD'a~y.<resl"ec= :' 
acid pro~easc with syntheiic peptides and tiveiy. 'All other chemicals. 'were of 
ribOllucl('n~e· A. O:ug and ·,.Virupakshll" ~nalYlical or rellgent grade. .:: .. , '''. 
have found thai ··the :enzymc specifically. iE .' '. 'd 
I h 'd I' k . I' h . IIzyroc. use .. I C eaves t e peptl e In ages lIlVO vlng , e r. '. '. . ; 

0( - CarboxYl group of either . aspartic acid ",. Alhagain. the neutral protease present in 
or glutamic acid with ·the re/ellse of acyl :.t.he Icoves'and b:lrh or-.i~\y~!iee shrub WII~ 
rortion of these amino acids. The e:nzymc purified 10 a homogencous prodhct aCC(Jr .. 
has alsu been found 10 havc a requirement .ding" to .Ihe procedure· ~~c~i.~~d . by 
for unsubstituled side chain carboxyl groups .Yesho~ha .. reI '01." "·'SUfft~,i~nt~:!~~~?U.~!~,:::of 
of aspa! tic, and . gluta~ic acids j~ .• it~; sub-_ '. al.h~gal~ y,~~~: .pr.~p.~r~!~~'}J[if,t.C?:~~~t.~',~J\;lh_e'>i> 
S·lrates., The: hydrolYSIS of peptide" bonds. ref~lgerator_ and,.was:-}~s~~.;~.~~r~.~&h~:~l,:}.~~:".:,._. 

• • ,. .,.~ ....... . • !'.t I'" ", •.•• formed by' I he carboxyl group of· aromatic ': present ·lnve~t.lg~ .loD~·/}1.1.:i;'!.;'.;,.:{· .::~":1t8;:f~~~r!~;.,.~''':.: ., 
• '. .. • • ." I'~" ;!:fr. 'f '1', ,,', f ' nm~no nc~ds and the branched aliphatic ·.:~ZYIi~e· ~~s~y .'.",' ... ,., .... : .. ":":;:'7:r.j;;::~;\:';·":·:··;·: 

am 1110 . uClds by agave . protease has be~i1 '. . .. ' .... •. . . .... . ~ . 
reported. II The enzyme has not bel'n. ~he proteolytiC a.cllvlI!. .of albagaln was. 
found 10· hydrolyse small substrates like estimated py' c~lonme~qc .met.hod 8sdes
dipcptides. crib(~ by. Yeshodha .eL~~:~'. The :.pr~tcolytic 

IICtivllY IS c"prcssed' as'.unll I.f enzyme 
activ.ity and is definC'd"·'as· the·.am~unl.:of 

.e·nzyme that' 'liberates' one' ~.nJii:rugtani,/(lf, 
iyrosioe':'· rro.l11. 'cgg ;albumi~: \;;:!l! ,;; pt~,,;,;.~,~,9,.: : . 
and 45° C in~:30. minutts. ": . .' ... : .. :<::;:/,~ ' ... 

Iph~~ present investigation. a syslematic 
st!-f~f~'was:'underiaken' if!· order to find' 
. out the nill!Jre' of the rraci ive groups of. 
alhagaln l'hat are'· esseilUal fur its enzymic' 
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1~lrecls of certain r~ducillg. oxidising. metallic 
inll,f, - SIl group blocking alld ctrlai" otller 
(/IfCIlfS 0;' tile proteolytic oct.;1'.;ty of all"ogtii/~, 

. ~ .. ~" ;. ~ . 

solution. The, washed liquor ,was. added 
. to the ma,iri supernatant an~ the mixture'was' 
~xti~c~ed ~~everaltimes with equal ,volumes 
,.1 n:: • u I..:t' '11", ~ • I' .,. ". . . 

(Ir ~'hydrous ether to remove tricltloroacelic 
~ 1111. portions of alha~ain solution acid. The aqueous solution w~s "made 

(5 111 I.! / 1I1() rn I) were mixed wit h eqll3l UI)\(' a known volume \Vilh distilled water •. 
",.,J"",!,, I·f celch or the reducing, oxidis- In order to lind (lut thc bonds that are 
jill!. ·<;If !!rOlip hlocking :1.111:1115 or I1Il'talfic specifically clelwccl. all aliquot of this 
,;lIt ",JillIOns :\1111 incllhall'd al 37'C r"r Sulllll<'l1 was u~cd fur the detcrmination 
J 1\Illlr~ :II the end or which the-protcolylic or (rcc IImino acids and N -terminal amino 
activity or the mixture WllS determined. acids of pepiide!! Ilnd ,the remaining' 
A control experiment was run unda solution was u~ed for the C--termiiiill 
idrntical cPIl<litions by adding 51111, or :tQlino acids of peptides. by the pro~edurcs 
bidlstillcd water to the enzyme solution. as dcscribcd,~y ,[)har and, Oose:'·· "' .. ~<".: .. :'-' ~'" 

.' ~ 1.·'-

..•.• "~ ............ ·r .. ::J·(·: .. ". "." t-.:' ... ···;,i~t~ ... ·\.-.4 ... :r'l 
As t he ~olut ions of certain reagents, ego Specificity of alhagain on .fynthetic· su~s("(/f('s ' 

maleic acid, iodoacetic acid and sodium· .. ".. '. ':' , ' ·l":':'~> .. i' 
cyanide were capable of changing' the In order 10 study the specffi~'lty . .'~·f. 
pH of the enzyme solution,the ',olhallain on ccrt'8i~ synthetic $ubst'ratcs/ ,; 
pH or these reagent solutions was adjusted ":Ihe ill0dificd alcohol titration method :'or" - '",:\" 
to 6.0 prior to their addition. As ,YCMB ,Grossmann and Heyde". \V3S followed.;: 
was not fullt soluble in water, ',it was, .. E:lch of the ,synthetic. d5ubstrutes":was" 
dissolved in O. 1 N sodiulU hydroxide incubated with alhag,ain ,( 10:1) ror'24"hours: 
solution and then made up to the required 8t 37° C at pH 6. O. After the period, ah 
volume. 'aliquot from the digest.ion mixture was 

titrated ugainst·O.OI N alcoholic· potassium 

Specificity of alhagain .on D-clla;" of oxldised hydroxide using 0.1% alcoholic thyniolph.· 
insulin thalein RS t~e' indicator.),.n each, case.: a, 

'Control was run ,in an, .identical ·manner. 

In order to study the' specificity .,of 
IIlhagaio, the B - chain of oxidised· ,insulin 
was used as the substrate. The O:.chain 
WIIS prepared from the ,crystalline insulin 
by tbe performic acid oxidation metbod.1I 

, , ' 

90 mg. of the substrate dissolved in 18ml. 
portions of veronal buffer (pH 6. 0) were 
mixed with 30 mg, portions of· albagain 
and o. I ml. of merthioJate in stoppered 
bOllles and incubated at 40° C for 6 hours, 
After the incubatiun ,period. the mixture 
\Va,S mi,xcd with nn equnl volume of 10% 
trichloroacetic acid, warmed on a boiling 
water bath and cooled. The resulring 
precipitate was,removed by centrirugation 
and washed with 5,t. tri.c.hloroacetic acid 

.. '" 

LI!A TilER SCIENCI!, Yol, J5.· '-""; 

"./,£ 

except that boiled enzyme was ·u,e~ . i.n' 
, pface of alhagain.· The extent of hydrolysis 
'was calculated from the· net titre value: 
and expressed as relative enzyme activity. 

Resul,ts 

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

'-SHgroup blocking and other agents on 
the enzymic activity of alhagain are 

'presented in Tab!! I. 

. The various reducing agents t hat have 
,been studied were found to enhance the 
,proteolytic activity of the enzyme . to' 
differcnt degrees. AmOtig the oxidising 
agents, potassium permanganate and iodine 
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were observed':.t'Oiri~cdvate::the",' 'TABl;lFJ' ',' , 

*hjJ~ .;(:i6d6~cetic'i,·8cid ~'arid '!Hii'id~ ';:,;~~:~j~'~~tc;~~~i~"~eciuciitg. oXiciislng;' fm ~lOUp 
:.' 'were:':ibu'ii'djFt6'i'ina~tivate';'th6;F:: enzyrhe . :/:' ~/;'bloc:klng 'and 'Olher agents o~ 'alba~ahi 
" partial I)li ?~~Th'e :~':t~"zyhi~:':wa~s';com:pieiely 
:. i~aci!Y~;(#~;bY~,hrdr?ie,n;pero~ide:·DFP. 'tile '~t!ng~n,'~dd~'J(}j mM). i (~~J~~:'~rol) 

s'eritie'iithibitor; was' found to hove no effect __ ..,--'---'-:' ___ --___ ~. 
6~' the':::~dtivHy . o't' alhagain:' Ovomucoid, . 

Glutathione 
which; Js:a specific inhibitor of trypsin,. Ascorbic acid' . 
was found_' 10 inhibit the enzyme activity Sodium thiosulphale. 
partiilJly;'Urea'wasfoundto"increase the Thiollh'collic acid 
proteolytic"activityOf :tht"'enzy'me~ "'PCM n . SOdiumt>isulrhile' 

. '. ,Sodium cyanide 
Was found' 'to comple,tely inhibit' the' Sodium sulphide, 
activity .1o falhagaio; ; The 'm'eial' clielating Potassium,. Permanganale 

. o~ents;':viz,:"'8_ hydroxy, quinolin~.'O~: Iodine' . 

, pbenaothrolin' hydrale, ,andEprA.were,~Jodoacelic 3(:id "!'.' 

.• (ound . to· e~hi~~c'the p'roteoiyt'ic"acti~iIY .'MaiCiC acid':, 
.' . :Hydrogen Peruxide 

~~;~h~~:~~~~dR:~·::rcii;:~trv:~e ~,~~~~~~~i:yO~:, g::~'j~~i~::.':":,',~ ", .,' 
complefel~:':~,~',~ ,'::,L '::":1';:;\"', :;;\'.~;"1: :1"::.'\;', "" ".~~i;,';i":!:~:'\':';,:ii', .. ~' : 

. ~'- ilydroxy qU,;IIolinc : Result~ obtain'c;d' ,'.with respect. 10 the .. 0 ":phenanihrolin' hydrale 
metallic ions,on,lhe·~cliviIY,. of IIlhagain, EiHA{' ;.'" ' ... 
are presente~ in ·:·Ta'ble". 2. \ , Resorcinol 

nen~~Quinone 

1760. /I 
1474.0 
328.7 
292.2 
174.8 
153.9 
151.3 
. 54.8 
, 20.0 

, .1 81.3 
'. 7S.7 

o 
100 

. I Of) 
'I.IJ 

() 

3992 • 2 
381,. Ci 
167.0 

O. 
II 

- -'~----.----.--~---.~. 

'I.': 

",' 

Oul of .the various metallic salts' thill 
have beenstudiei:J, 'ma'nganese" chloride. 
copper s~lphate, silver n'itnlle,magnesium 
chloride and. calcium chloride 'werc 'fourid ' 

'to 'activate' the enzyme. No significant· ElTt;t'l~ n( r.'rlnln mclnllir '"II~ nn athlll:l1in 
effect wits observed in' thc' ,leases of L ....... ,.,.' .: .. : .. _ .. 

TABLE 2 

zinc chloride, aOlllloniuOlsulpJllItc, tlisodiliOl 1"1'11/:1',,1 {/ltd.," (,'5 111M) 

hydrogen phosphafe'itntl potassium dihydro-

gen pJlosphate. A slight degree of inl1c- Man~ancse chl~ride 
tivalion was ~bserved ·wit~ regard to lead ';::COl"'l"'tr sulphate 
and ni,ek.e'l chloridu. Chlorides of mercury , SiI"cr'nilrale' 
lind sodium, inhibited the enzyme consi- Magnesium chloride 
derably while! ferric chloride inhibited CalCiul11 Chloride 
eOlllpleiely,' ' 'Zinc chloride. 

rhe d ilTercnt ami no acilh I i b~rat("d 'from 
the B-chain of oxidiscd insulin by the 
IIctioll of alhagain arc p,,!'~clIll'l.l in Table 3 
and ihe ma'in sites al whieh cleavagc 
occured 10 6 hours of hydrolysis are 
indicated by urrows in Fig. I. 

))iqid'ilJlli hydrogen phosphate 
Potassit.m dih}drogcn plwsphntc: 
Ammooiul11 sulphate 
Lead chio~icie 
Ni~kel chi'oridc 
Mercuric Chloride 
Sodium chloride 
Fern... chluride 

Arlirill' 
. ('X, of rm;,,.,,/) 

~Y4 , (0 

.297,4 
'185.2 
153.9. 
151 , 3 
1(10,0 

1117 . x 
104, J 

\I~ , 7 
~J , 5 
79,/) 

4') , /) 
31 . 3 

tJ 

--.. --------.-~.-.-.. --.-.- . .-_ .... _--_., -.--•.. -.------~.--
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Fig. I: Comparison of the action of alhagain with those of other plant proteases on the B-cl!ain of 
oxidised insulin 

The sites of clesvage of peptide bonds are indicated by arrows. * The strong, intermediate .and weak 
cleavages are de!)pted by double, single and broken arrows respeCtively. a, b. c;d Be e represent tbe' 
results reported by Mc Dowall", Johansen et 01 .... Johansen' and Ottesen", Englund et alu and Kont' 
el,,/18 respectively. 

2 3 4 5 6 7 8 9 10 II 12 13 . '14 IS 16 17 Ie 

Plle-Val-ASO -Glu -His-Leu- CYS-Gly-Ser-:-His -L3u-vai-Glu~AI.a - Leu-Tyr - Leu -v.:I-
~H2 ~H2 .~03H ~:,,: .• '.' .. . . 

ALHAGAIN 1 
.... 

PROTEINASE • .. 
A2 

OF~~ t l' l' 
~., r i • 

CitNENSIS ... 
PAPAiN ~,c· 11' '" ·f i r 

FICIN d t 1" r 1" 
• I 

9ROMELAIN • i i t t t 
a- Me Dowall. M. A., Biochim. Biophys. Acta., 293.226 (1973): 
b-Johanscn. J. T .. Ottesen. M .. Svendsen, I. &. Wybrandt, G., Compl. Rend. Trav.Lab. Carlsberg, 36,365 (1968). 
c- Johansen, J. T., Ottesen .. M., COli/pt. Rend.:Trav. Lab. Carlsbe~g, 36.265 (1968). 
d-Eng!und, P. T., King, T. P., Craig, L. C. &. Walti, A., Bioe/lem .• 7.163 (1968). 
e-Kont. A. A .. Hinds, 1. A. & Zemer, B., Bioe/lem., 13.2029 (1974). 
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TABLE 3 . vely. Ho·wever. Sugiura and Sasaki· 

Yield. or rree amino arid! and N· and C- terminat 
amino ndds .,r peplid," Arler thr h)'drolysl~ or!l
Challl or oxldhcd insulin by alh.gal" ror 6 hnuu 
(Resulls are uncorrected ror losses and are expressed 
liS millimole! 1100 g. prolein) 

reported that ascorbic acid had no !,ffect 
and thio5ulphate had inhibitory effect on the 
activity of ficin. Glutathione was repor.te.d to 

. activa"e th~ barley acid proteinase n. 

A Ihagain resembles asclepain which was 
round to be activa:ed by cyanide ·.papain 
and t'llphorbain which were reported to bl! 
activated by cyanide and sulphite'" 
proteases from germinated ragi. (El,lusifle 
coracana)" and actinidin 10 both;,~r which 
were activated by cyanide and' sulphide:. 
Cyanide was found to activate" both 
pinguinain ll and stem bromelain." A'lhilgain 
differs Jrom phaseolain which was found 

Am;,m ncidr F,rc N-Irrm;nal C-lerm;II<l1 

Alanine o . 83 

Phenyt alonine 6.40 

Serine 0 

Lysine 0 

Glydnc 0 

Tolal 7.23 

0 

9.3() 

O. 47 

\I 

() 

9. 77 

().63 

5. SO 

o 
0.67 

2.70 

9. SO 

-------------------,--------~---

The resulls oblaincd wilh regard to 
Ihe aClion of alhag:til1 on all the synlhetic 
subslrate~ studied are presented in Ta.ble 4. 

TABLE 4 

Action .. r alhagaln on synthetIc substrates 

Synllrellc sllbstralt!s Enzyme activity" 
----------~--~~~ 

N-CnZ-L-Glulal11yl-L-T)'roslne 

BAPNA 
BAA; 

BAEB 
DAME 

ATBB 
, - CDZ-Glycyl-L-Tryptophan 

N·Acetyl-L-Tyrosioe amide 

++ 
++ 
+ 
+ 

------------------------.-----------

,to be not' activated' by reducing agents". 
I , • ",: 

Results obtained wilh respect· to the 
act ion of oxidising agents on alhagain 
have indicated (Table I) that all .. the 
oxidising agents inhibited the enzyme. 

.'. Amo!"g the oxidising agents studied. hYdro.
. gen peroxide inactivated ulhagain"coinple
tely •. ,while, .. the enzyme. was' partially 
inaclivated . by the action of iodoace\i.c 
add And maleic acid. The activity; of the 
enzyme .was found to be inhibited' consi.
derably' by the action of -potassl~m 

.The relalive aclivity is expre.s .. J as + +Guod; 
+ moderale aDd~Dooe. 

'permanganate or iodine. Greenberg .u·nd 
Winnick··have reported the __ inhibition 
of some; plant proteases viz_ •. 'aselepain; 
bromelain' and papain .hy certain oxidising 
agents. Oiher plant protC'oscs which wer~ 
reported to beinhibiled by oxidising agents 
are ficin·· te •... euphorbain"' . actinidin"; 

. pinguinain" and-- mexicain." ' 

UlscussloD 

As can be secn from Table I, HII the 
reducing agents studIed were found-to 
enhance the. activity of IIlhagain. out of 
which glutathione and ascorbic acid 
produce<J maximal activation: Glutathione 
and ascorbic acid were found to be naturai 
activat,ors of papain" and ficin" rcspecti-

f.1!.ATMER SCIENcit; Y,,/. 1J. 19711. 
'r 

Since alhagain was fuund to have been 
IIppreciably aCI ivnted by the action 0 f 
reducing agents and inhibited by oxidising 
or - SH group blocking agent~. tI~ appeal s 
that an - SH group is essentiar' for· the 
activity of lilhagain. In this respect, 
alhagain resembles ficin·· .. · stem, brom!!
lain"" the acid proteinase of barley" 
and the thiol proteinase isolated froril 

.1.; . 

! . 

. .-

• I 

I 
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buckwheat ,:seeds" which were reported nitrate, mangnesiulD chloride and 
to: bc, specifically 'inactivated by PCMB. calci.uJ\1. chloride were' 'round to 

activate the enzyme considerably, while 
Since alhagain is not inhibited by OFP disodilJm hydrogen phosphate, zi nc ch lor ide. 

e Table 'I), it does not helong to the, ammonium sulphate and potassium dihydro
class ,Of serine proteln:es. Similar results gen phosphate caused no significant effect 
were teported in cases of papain'" stem "on the activity of alhagain. Lead chloride. 
bromelain"- and sor~hum' acid , protease." '.- k I'Ll" 'f ' lire e Cn orr< <'. mercuric chloride and 
Ovomucoid, a trypsin inhibitor'" was found sodium chloride l' .. u~ecl signiflcnnt inhihil ion 
to have no inhibitory effect on the enzyme in CIiZyllllC actrvlly. Alhagain 'was found 
and hence. alhagain does not seem to have to be completely inhibiled byferric chloride 
seri!le at the active site. (Table 2). Papain and asclepain were 

Urea, was ob'serY,ed to increa~e the 
',proteolytic activity of alhagain (Tahle I). 

The sulphydryl proteinase from Phmeo{lIs

I'll/Karis I'ar, Pt'I'lic/.;a was rqlOrted to j!l't 

ii:mctiv:lted by tlrea under dilr.:rcnl experi
mental conditions. 

Since the three metal chclating agents 
studied (Tahle I) wen~ fOllnd not to 
inhibit the cnl.Yl1lc activity' \11' alhilgail1, 
the possibility of the presence or any 
metallic cofaetor'in- the 'active centre of 
the' enzyme is ruled out. The lotal 
inhibition exerted by ferric chloride 
( Tablc 2) aud activation by 8- hydroxy
quinoline suggests that the latter removes 
trace of ferric ions. Activation' by 0-
phenanthrolin supports this view. Lack 
of inhibition by metal chelators wns 
rep<?rtcd in the cases of sorghum acid 
protease,' phaseolainu and agave prolease;lO~ 
Alhagain resembles actiilidin"· and 
hro~elain," since: enzyme activity jll both 
the ea~cs--was repolted to he ellhallccd in 
the presence of EDrA. 

, Resorcinol and benzoquinone were 
ohserved to inactivlllealhagain completely, ' 

,These' re,lg!nts were also reported to 
inhibit the proteolytic activity of papain. II 

On'siudying the elfectsof various. 
ml"lal~ 'on 'lhe activity of ar'hagain. manga
nesC' chloride, copper sulpllate. ,silver 

reported to get inhibited by Nj-t +,- CO" 'f. 

Zn++, Fe++, Ph++, Mo'I"" and Fe' .... ', .. 
Alhagain reselllbies st~m brornelain" and 
ficin"' since both thes(: en~yrnes were 
rl'ported to be inhihited hy mercuric 

'l:!;1lli'ide, The, s()rl,!hlllll,:tci(1 rrotl',,~e was 
reported to get inhibited hy Ilg". Ni'" 
and Fe H +'. Alhag~in al~o resernhks the 
sulphydryl protci-nasc isolated fro III 
/'/lOseo/lIs \'III);aris 1'1/1'. /'u/icka which WilS 

found" t6 ' be, inactivated' by 'mercury 
compounds and' activated by calcium 
compound." The partial inhibition of 
alhllgain by sodium chloride may be 
cOlllpared with zin'gibain which was also 
reported to be inhibiled by sodium 
chloride ' •. 

As can ,be seen froll1 T .. ole'). after 
the hydrolysis or Il-chain of oxidised 
insulin by alhagaill for 6hours,only2,frec, 
amino acids. viz, alanine and phenyl alanine 
and' peptides having 2 N - terminal amino 
;tciJs. viz: "phenyl alanine and serine and 4 
C- terminal amino acids, viz. alanine, ptrenyl 
uillnine, lysine and glycinc were liberated. 
The main sites at which cleavage occurrd 
in, the H-chain of oxidised .iosulin' by the 
aClionof ~lhagain in' 6 hours of hydrolysis 
afe indicated in Fig. I. Alhagain hydrolyses 
peptide bonds at residues 8-9, 23-24, 24-25 
and'29-30in 6 hours, releasing peptides.ond 
free' amino acids., :, Tbe' sites,>at "which 
cleavage occtired in,Jhe B-chaio .ofoxidised 

LEAT/IE/f ~·Cl£NCE. VOL. 1$, 1981. 
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insulin by the action of certain other 
- plant protcses are also indicated by arrows 

in Fig. I. 
bUckwhl'at seeds was, shown to hydrolyse 
BAPNA and the ethyl ester of the arginine 
derivative, but not Bcnzoyl- tyrosine-ethyl 

Stcm hromclain WIIS foillHl to hydrolyse 
/!Iuca!!on cxtcnsivl:'Y either at the argi,,),1 
- alanyl or alall},'1 - glutalllinyl bond. 

ester;" ATEE was found to be a good' 
suhstrate for agavc protcast' but not any 
dniv:tlive of Mgillinc like BAEE, ctc ,. 
Smith and Kimmel" r('porled that II, • .' 

bcst substr;lte for ficin j~ lJAA or lJAEr~. 
The bcsl 6ynlhctic substrates fM papain 
are derivativl's of Ben7.oyl ar~inillc or 
lysine. IS Stem hromellllinwus reported 10 

hydrolyse BAEE arid BAA dTeclively' and 
was found to have no' action on CnZ.L
Glut3myl-L-Tyrosine 8nd.ATEE" In this 
respect, alhugain resembles 'brorue/ain (or 
its inahilily to hydrolyse ATEE;' Howevt'r, 
il dirft~rs fro'nt' bromelain sin'ce it IS 

('ar:tolc o( hydrolYSing CDZ.L _ GIUIUlllyl. 
L- Tyrosine. 

On c)mparing the amounts of free amino 
IIcids or N - and C- terminal amino :rci(/~ 
of reptidcs lihcratrcl in 6 hOllrs hydroly,i~ 
against the tota/ content of the corres-. 
ponding amino acids" occuring in the 
B-chain of oxidi~ed insulin, it appcar~ 
that phenyl alanine and ~Iycine are libcrated 
in higher amounts, while smallcr quantities 
of alanine, lysine and serine are also 
liberated. Alhag:'lin appears to prt'fat'l1-
tiully RlIack bonds involving the amino 
or carboxyl groups of phenyl alaninl', 
amino groups of alanine and serine and 
also 'carboxyl groups of lysine and glycine. Ackool"ledgeIUC'tl 

Results presented in' Table 4 indicate 
that N-CBZ-L- Glutamyl- L-Tyrosine aod 
BAPNA were readily hydrolysed byalhagain. 
BAA snd BAEE Were moderately hydrolysed 
where'as DAME, ATE!!, CIlZ- Glyeyl- L
Tryptophan' and .' N - Acetyl L - Tyrosine 
amide were nof hydrolysed by alhag!';n. 

BAA 'was found to be the best subsl
rate for' the action of papain." BAME 

'One o'r,the ,lluthor~ (KyL is' .irldcbtrd 
III t!lr' ~o~ncfr;Of Scienlific an~ ~ndustrjal 
Rese'uri:li, New' Delhi~" for the .-It,,,atd of 
a research fellol,Vship, ': ~. .. 

'. . . ".' .' , -.'~ , ~. 
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