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ABSTRACT 

Actinidin is a plant thiol protease which is isolated froa 

the fruit of Actinidia chinensi�, the chinese gooseberry. 

Determination of the primary amino acid sequence of actinidin 

was undertaken to extend the limited structural information 

available on this group of enzymes, and therefore enable a better 

understanding of their physical and chemical properties. 

The order of arrangement of the 220 amino acid residues in 

the primary sequence of actiB}din was determined from the 
14 sequences of the tryptic peptides. s-carboxy ( c2laethyl 

actinidin was dicested with trypsin, and the twelve tryptic 

peptides produced were initially separated into seven tractions 

by gel chromatography on Sephadex G-50. The first tour fractions 

contained tryptic peptides that were purified by DEAE-cellulose 

chromatography. The last three fractions contained peptides that 

were sufficiently small to enable purification by paper 

techniques, and these peptides were sequenced directly by the 

dansyl-Edman method. 

Further degradation of the tryptic peptides purified on 

DEAE-cellulose with either chyaotrypsin, thermolysin, pepsin or 

Staph1lococcus aureus v8 protease was necessary to provide 

smaller peptides that could be sequenced by the dansyl-Edaan 

method. s .  aureus VB protease was particularly useful in the 

deteraination of aside residues, because of the enzyme speciticity 

for the carboxyl groups of glutamic acid. 

The fourth tryptic peptide in the sequence of e.ctinidin could 

not be located in the tryptic peptide elution profiles of either 

the S ephadex G-50 or DEAE-cellulose columns. The sequence of this 

peptide was cieter.aiJled. froa a tr7ptic peptide obtained by 

digestion of maleylated carboxymethyl actinidin. 

The N-terminal of actinidin was determined by the dansyl 

Edman method, and the c-terminal by analysis of cyanogen bromide 

fragments, and by digestion with carboxypeptidase A. 



Radioact ively labelling the ac t ive sit e cyst eine r e s idue 
1 4 

with iod o [ c2lacetic ac id , and subsequent purification of  the 

ii 

radioact iv e  tryptic d igest pep t id e , enabl ed the isolat ion of the 

t ryptic pept ide c ontaining the ac t ive s it e  cysteine residu e . 

Further digestion of this pept id e with c hymotrypsin and 

d e t erminat ion of the  s equenc e of  the smaller radioact iYe pept id e , 

provided t h e  sequenc e about t he ac t ive sit e cysteine residue . 

Alignment of t he trypt ic peptid e s  t o  reconstruc t t he primary 

s e quenc e  of ac tinidin was acc omplished wit h .information from 

cyanogen bromide fragment s ,  information from tryptic peptide s  o f  

maleylat ed carboxymet hyl actinidin , a nd  information from t h e  

t hree dimensional X-ray crystall ographic struc ture of  act inidin 

d etermined by Dr E.N. Baker. 

The low proportion of  basic residues a nd high proportion o f  

acidic resid uea i n  actinidin are i n  agr eement with t h e  e nzyme 

being an acid ic protein. Calorimetric analysis of t he t ryptophan 

residue c ont ent , using 2 -nitrophenylsulphenyl chlorid e , c onfiraed 

t he presence of six tryptophan residues in t he sequence of 

actinidin. 

The aaino acid sequenc es about the seven cyst eine r esiduea 

and the singl e hist idine residue in ac tinidin were very siailar 

to the analogous sequenc es in papain and other plant t hiol 

proteaaea . FUr thermore, comparison of the primary eequenoe of 

aotinidin with t hat of papain, and the fragaenta of sequence 

available for other plant thiol proteases ,  indicat ed a 

c onsiderable homology t hroughout t he sequenc es of these prot eins. 
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CHAPr ER I 

INTRODUCTION 

1 . 1 .  Ac t inidin and its relat ion t o  other proteases : · 

1 .  

Ac t i nidin , a prot e olytic e nzyme obtained from t h e  fruit o f  

Act inidia c hinensis , t he c hines e  gooseberry , was firs t  described 

by Arcus in 1 959. Proteolytic enzyme s may b e  loosely grouped 

acc ording to the principal residue involved at the  a c t ive sit e 

and to t heir biological source ( Fig. 1 . 1 . ) (Dayhoff , 1 972 ) .  

------------ �.-I _PRO_T_Eo_L_Y_T_Ic __ EN_ZYM_ES___.j -----------
1,-A

_
C
_
ID

--,j r-1 S
-
E

-
R
-
IN

-
E
-,) 

Pepsi n  THIOL Trypsin 

Rennin Elas tase 

BACTERIAL 

S trept oc oc cal 

proteinase 

Clostridiopeptidaae B 

PLANT 

Papain 

Ac t inidin 

I ANIMAL I 
Cat hepsin B 

Fig. 1 . 1 .  Prot eolytic enzyme groups . 

Acti nidin , having a t hiol group essent ial tor i t s  ac tivity , 

has been c lassifi ed with t he pla nt thiol proteases . Other enzymes 

of t his group •hic h also require a n  ac t ive thiol group for t heir 

act ivity include ficin (EC 3 . 4 . 22. 3 . ), s t em bromelain 

( EC  3 . 4 . 22 . 4. ), fruit bromelain (EC 3 . 4 . 22 . 5. ) ,  c hymopapain 

( EC  3. 4. 22. 6 . ), a nd papain ( EC  3 . 4. 22 . 2. ), the latter being t he 

most extensively studied. 

The bac t erial snzymes , streptococ c al proteinase ( EC  3 . 4 . 22. 1 0. ) 

( L1u and Elliott ,  1 965 ) and clostridiopept idase B ( EC  3 . 4 . 22 . 8. ) 

(Mitchell and Harrington , 1 970 ), and the animal prot •ase 

c athepsin B ( EC 3.4. 22 . 1 . ) ( S nellma n ,  1 971 ) ,  are also thiol 

proteases , but have been c haract erised only to a l imit ed ext e nt .  



2 .  

Of the plant thiol proteases , crystalline papain is isolat ed 
from the green fruit and latex of Carica papaya , a tropical tree 
( Balls et al , 1 937; Kimmel and Smith , 1 954; Blumberg et al , 1 970 ) , 

and chymopapain is isolated from the same sourc e ( Ebata and 
Yasunobu , 1 962; Kunimit su and Yasunobu , 1 967). Ficin is d erived 
from the fig tree species Ficus glabrata (Walti ,  1 938; Williams 
and Whitaker , 1 969) and Ficus c arica (Kramer and Whitaker , 1 969). 
The bromelains are obtained from Ananas c omosus (L) , the 
pineapple plant of the Bromeliac eae family . 

Ac tinidin exists in nature in the reduced active form , a 
property it shares with all other plant thiol prot eaaes ( Barel 
and Glazer, 1 969; Stein and Liener , 1 967). Thus actinidin can be 
inhibit ed with thiol reagents such as iodoac etic acid , 
iodoacetamide and E-chloromercuribenzoat e (McDowall , 1 970 ; 

Shapira and Arnon , 1 969; Finkle and Smith , 1 958) , as weil as by 
heavy metal compounds .  The ac tive thiol group can also be 
reversibly blocked with disodium tetrathionat e during preparation 
( Englund et al , 1 968) and the enzyme can be reactivat ed with a 
thiol reducing reagent such as dithiothreitol . In contrast to the 
plant enzymes ,  streptoc occal proteinase , as well as being present 
in nature in the ac tive enzyme form , was also found to exist as a 
zymogen with the ac tive thiol group blocked with a volatile 
mercaptan in the form o f  a mixed disulphide (Ferdinand et. al , 
1 965 ) .  

The plant thiol proteases show considerable stability. Papain 
retains ac tivity in 8M-urea solutions (Sluyt erman , 1 967) and is 
stable to high conc entrations of ethanol , methanol and dimethyl 
sulphoxide during crystallization (Drenth et al , 1 968a) , but is 
unstable t o  pH values b elow 4 ( Lineweaver and Schwimmer, 1 94 1 ) . 
Actinidin and the other plant thiol proteaaes demonstrate a 
s imilar stability ( Englund et al, 1 968; Murachi et al , 1 964) , a nd 
both papain and ac tinidin have a pH optimum of 6 . The substrata 
specificity of ac tinidin ( McDowall, 1 9?3 ; Boland and Hardman ,  1 9?2 , 

1 973 ) is not unlike that of papain and the other plant thiol 
protease& (Glazer and Smith, 1 97 1 a) , showing that these enzymes 
have kinetic similarities. 



I n  spit e o f  the above broad similarit ies ,  the plant t hiol 
prot eases show some significant d i fferenc e s .  Unlike papain , t he 
fruit and s t em bromelains are glyc oprot eins which have c onsid e rably 
higher mol ecular weigh t s  t han papain [ 33 , 000 as compared t o  23 , 406 
f or papain (Mitchel et al , 1970 )}.  S t em bromelain contains o ne 
oligosaccharide moiety, o f  which t he struc ture is known (Yasuda 
et al, 1970 ) , a nd whic h is coval e ntly bound t o  the pept id e c hain 
(Murachi et  al , 1967; Scocca a nd Lee , 1969 ) .  Ficin is a l s o  
report ed t o  be a glyco prot ein (Glazer and Smith, 1971b ) ,  b u t  ha s 
a l ower mol ecular weight of 23 , 800 ( Englund et al , 1968 ) similar 
t o  t hat of papain. The molecular weight of actinidin , 26 , 000 
( Boland a nd Hardman ,  1972 ) ,  falls in the middle of this range . 
The prote ins also differ in the ir isoelec tric points.  Both papaiii 
a nd fic in are basic prot eins with isoelec tric point s o f  8 . 75 
(Smith e� al , 1954 ) and great er t han 9. 0 ( Cohen ,  1958 ) 
respec tiv ely , while actinidin is a very ac idic protein ( is oelectric 
point of about 3 . 1 )  (McDowall , 1970 ) .  There are signific a nt 
d i fferenc es in amino a c id compositions and in particular , because 
of the variat ion in  cyst eine content , the prot eins are l ikely to 

contain different numbers of disul phide bridges (Mitchel et  al , 
1970; Englund et al, 1968; Kunimitsu and Yasunobu , 1967; 
ota et al , 1964 ) .  

The limited structural data available on the t hiol pr ot eases 
have been reviewed (Glazer and Smith , 1971a ) ,  and more recently , 
partial amino acid sequence data tor bromelain have been report ed 
( Goto et al , 1976 ) .  

The complet e  amino acid primary sequenc e of papain was obtained 
by a series of studies on the prot ein oxid ised with performic 
ac id, on s-c arboxyme t hylated pr ot ein , a nd on denatured protein.  
By using part ial acid hydrolysis (McDowall and Smith , 1965 ) ,  Rnd 
enzymic dige stion (Kimmel et al, 1962 , 1965 ) , a t entat ive linear 
sequenc e  for papain was proposed ( Light et al, 1964 ) .  De t ermination 
o f  the t hr e e  dimensional struc ture of crystalline papain by X-ray 
methods  (Drenth et al , 1968b ) , i ndicat ed several errors in t he 
t e ntative primary sequenc e , which were lat er correct ed by further 
experiment s (Mitc hel et al, 1970; Husain a nd Lowe , 1969 , 1970a ) .  
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Knowledge of the three dimensional struc ture o f  papain enabled 
the d et ermination of the active sit e geometry , but chemical 
studies were required t o  demonstrate the involvement of specific 
amino acid residues. The active site cysteine residue of papain 
was identified by reaction of  the nat ive protein with iodo[1 4c] 
acetic acid and isolation of the radioactive peptide after 
enzymic digestion of the carboxymethylat ed protein (Light et  al , 
1964). The amino acid sequences about the act ive site cyst eine 
residue of other thiol proteaaes are homologous to the 
corresponding sequence in papain (Fig. 1.2 . ). 

a papain 
ficinb 

bromelainc 
d chymopapain 

Fig. 1 . 2 .  

1 5  1 6  1 7  1 8  1 9  2 0  2 1  2 2  2 3  2 4  25 26f 
e Pro-Val-Lys-Asn-Gln-Gly-Ser-cys-Gly-Ser-CySH-Trp 

Pro-Ile-Arg-Gln-Gln-Gly-Gln-Cys-Gly-Ser-CySH-Trp 
Asn-Gln-Asp-Pro-Cys-Gly-Ala-cySH-Trp 

Lys-Arg-Val-Pro-Asp-Ser-Gly-Glu-CySH-Tyr 

Amino acid sequenc es containing the essential 
cysteine in some thiol prot eolytic enzymes .  

a 
b 
c 
d 
e 
f 

Light et al , 1964. 
Wong and Liener , 1964; Husain and Lowe , 1 970b. 
Husain and Lowe , 1970c .  
Tsunoda and Yasunobu , 1 966. 
CySH represents the essential cysteine residue. 
Numbering of residuea as for the sequence of 
papain. 

Further evidence !or the plant t hiol proteolytic enzymes 
having a similar ac tive site structure (Fig. 1 . 3 . )  was provided 
when papain , ficin and stem bromelain were all demonstrated , by 
the use of the bifunctional reagent 1 ,3-dibromoacetone , to have 
a histidine residue within 0. 5 nm of the active sit e cysteine 
residue ( Husain and Lowe , 1968a , 1968b , 1970b , 1970c). As well as 
the cysteine and histidine residues , t he involvement in the act ive 
site ot aeveral other amino acid residues , some of  which form a 



FIG. 1.3. GENERAL ACTIVE SITE STRU CTURE OF THE PLANT THIOL PROTEASE ENZYMES. 

The amino acid residue numbers refer to the sequence of actinidin. 

'B' is the hydrophobic binding site. 

U1 



hydrophobic binding sit e ,  has been demonstrated with the aid of  
peptide substrates and inhibitors ( Berger and Schechter , 1970). 

6. 

The X-ray cryatallographic studies of  papain ( Drenth et al , 
1968b) also showed that several amino acid residues formed a 
hydrophobic binding site or pocket at one end of the ac tive sit e  
o f  papain ( labell ed B in Fig. 1 . 3. ) ,  and that these residue& cP.me 
from widely different regions of  the primary sequence .  X-ray 
crystallographic studies of ac tinidin ( Baker , 1973 , 1976a , 1976b) 
show t hat the three dimensional structure of ac tinidin is similar 
to that  of papain and that the amino acid residues in the act ive 
sit e  of  actinidin also come from wid ely different regions of the 
primary sequence ( Fig. 1. 3 . ). 

Although fragment s of sequence  are available for other plant 
thiol prot eases , papain remains the only one for which a complete 
sequenc e is available .  Since amino acid residues from many 
different part s of  the amino acid sequenc e are likely to  be vital , 
both for the ac tivity of  a prot ein and for maint enance of its 
proper three dimensional struc ture , the det ermination of the 
complet e amino ac id sequenc e  of a prot ein is essent ial for a fuller 
understanding of it s biological func tion. Where a group of proteins 
have similar struc tures and functions , amino acid sequenc e 
information can be especially rewarding , because the changes And 
similarities of individual residuea can indicate their relat ive 
import ance to structure and function [ as has been shown by species 
variations in cytochrome c (Dayhoff , 1972)]. Furthermore , where 
two proteins are closely related , as ac tinidin and papain appear 
to be , a detailed analysis or any differences in c onformation 
accompanying changes in spec ific amino acid residues , provides 
invaluable data for attempts to predict the three dimensional 
struc ture of prot eins from amino �cid sequence informat ion alone . 

Determination of  the amino acid sequenc e and the three 
d imensional structure of ac tinidin were t herefore undertaken , 
in parallel• to  determine the degree of homology between ac tinidin 
and papain , and to give a better understanding of their physical 
and c hemical properties. 



1 . 2. D e termination of a prot ein primary sequenc e: 

Prot ein sequenc e det erminat ion has been almost entirely an 

ac hievement of the years sinc e 1 9�5. The first, and because of 

it s pione ering charac ter, the most important achievement in this 

field , was the det erminat ion o f  t he complet e sequenc e of amino 

acids in t he A and B chains of insulin by S anger ( Sanger , 1 945; 

Sanger and Tuppy , 1 95 1 a ,  1 95 1 b; Sanger and Thompson, 1 953a ,  

1 953b ) .  Until t his t ime, only a few simple peptides had been 

c l early identified from proteins ( Synge , 1 943 ) .  

The great probl em in peptide c hemistry had always be en to 

find methods of frac tionating c omplex pept ide mixtures 

produc ed by the part ial degradation of a prot ein. In 1 94 1  Mart in 

and Synge developed partit ion c hromatography , which , when used in 

the form o f  paper c hromatography (Consden et al, 1 944 ) , e nabled 

t he separaiion of complex pept ide mixtures.  

To  determine the  primary sequence of i nsulin, Sanger used both 

part ial acid hydrolysis and enzymic hydrolysis to give a number of 

shorter pept ide chains which were separat ed by chromatography or 

by migration in an elec tric field. The amino acid c omposition of 

each purified peptide was determined using acid hydrolysis. The 

amino t erminal residues were ide ntified by reac tion with 

1 •fluoro-2 , 4 -dinitrobenzene ( FDNB ) (Sanger, 1 945; Port er and 

San1er , 1 948) and the dinitrophenyl amino acids produced were 

analysed by chromat ography . Enzymio hydrolyaia was developed 

further by investigat ors working on the struc ture of ribonuclease 

(Hirs et al, 1 956a , 1 956b; Redfield and Anfinsen , 1 956 ) , which had 

the advantage of giving a more specific s plit ting of the prot ein 

chain t han did partial acid hydrolysis. 

These earlier methods were suitable for small proteins such as 

insulin , but for larger proteins , there was a requirement for 

ttchniquea to enable t he specific breakdown of these prot eins into 

large pept ide& and for frac t ionation of such peptides .  It was not 

until 1 9�9 that Moore and S t ein described the det ermination of the 

a�ino acid composition of a prot ein hydrolysate by column 
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c hromatography . The original starch column used was superceded by 

sulphona t ed polystyrene resins with aqueous c itrate buffer systems 

in 1 951 ( Moore and S t e in ) .  The aut omatic amino acid analyser was 

introduc ed in 1 956-58 ( Spackman et  al , 1 958 ) , and has be en a key 

instrument in the det erminat ion of primary struc ture of prot eins 

and peptides.  Improvements in r esolving power and anal ysis speed 

have c ome with modific at ions t o  resins , buffers , t emperature a.nd 

c ol umns ( Hamiltoh , 1 963 , 1 966 ) .  

Methods for det ermining the amino acid with a fre e  �-amino 

group were i nit ially developed t o  charact erise small peptide 

fragments from partial acid hydrolyses , or from naturally 

occurring peptid es. The prol ifera tion of proc edures for aaino 

t erminal determination is demonstrat ed by a recent review listing 

42 methods ( Rosmus and D eyl , 1 971 ) .  

Mod ern aspec ts of t his work began with t he development of 

1 -tluoro-2 , 4 -dinitrobenzene ( FDNB) (Sanger , 1 945 ) , whic h  unl ike 

the 1 -c hl oro derivat ive developed by Abd erhalden and Blumberg 

( 1 91 0 ) , reacts under mild cond it i ons . FDNB reacts wit h �-&mino 

and other reactive groups of amino acids as was shown with insulin 

( S anger and Tuppy , 1 951 a ,  1 95 1 b) .  In the years following , 

procedures were developed tor the separation of the d initrophenyl 

amino acid d erivatives by two d imensional chromatography 

( Narita et al, 1 97$) . 

Hartley and Massey•s ( 1 956 ) research on t he reac tion of the 

dye 1 -dime thylaminonapht halene-5-sulphonyl c hloride ( dansyl 

c hloride or DNS.Cl ) ( Weber , 1 952 ) with �-chymotrypsin , resulted 

in the development ot it s use as a means of studying �-amino and 

other reac tive groups o f  prot eins and pept ides. The main 

advantages of the dansyl chloride method over Sanger•s FDNB 
procedure were the increased stability of t he daneyl derivatives 

t o  t hat of t he dinitrophenyl derivatives , and the 1 00-fold 

increase in sensit i�ity , making t h e  dansyl chloride aethod 

readily appl icable to l ess than one nanomole of sample ( Gray , 

1 96?a , 1 967b). Subatquently , a suitabl e two dimensional 

c hromat ographic system on polyamide layers was developed tor 



s�paration o f  the dansyl-amino acids  (Woods and Wang, 1 967 ) . 

In 1 930 , Abderhalden and Brockman suggested the use of 
phe nylisocyanate as a possible method for the sequential removal 
of amino acid s  from proteins . It was not until 1950, however , 
that Edman d escribed a method for determining amino acid 
sequenc es by st epwise degradat ion of a polypeptide chain from the 
amino t erminal using phenylisothiocyanate ( PITC ) .  This method , in 
its modified forms , still provides the basis for the current 
syst ems used for amino t erminal sequence  analysis of pept id es and 
p�ot eins . Application of the Edman degradation (Edman , 1956) to  
small peptides required the extrac tion of  the phenylthiocarbamyl 
peptide  fr6m the reac tion by-products .  In some cases , this also 
result ed in the extraction and consequent loss of hydrophobic 
peptides .  In addition , the chromatographic separation of amino 
acid phenylthiohydantoins was always less sat isfactory to those of 
other derivatives such as dansyl or dinitrophenyl amino acids.  
The difficult ies of  det ecting phenylthiohydantoin derivatives 
from the Edman degradat ion led Gray ( 1967b) to develop a 
c ombined method known as the dansyl-Edman procedure for 
sequencing peptides. This was the method chosen for the sequence 
work or act inidin. Most new methods of amino terminal analysis 
have aimed either at quantitat ing the dansyl reac t ion , or 
re�lacing d&nsyl chlorid e with a new fluorescent reagent . A more 
sensitive amino terminal reagent, fluorescamine , which reac ts 
with primar1 aminta, waa report ed rec ently tor the determination 
of peptidea on paper (Udenfriend et al, 1972l Mendez and Lai , 
1 975 ) . 

In contrast to  amino terminal d etermination , there are no 
satisfac tory chemical met hods availabl e to  obtain the carboxyl 
t erminal seque nce of a protein or peptid e .  As a result , enzymic 
procedures are widely used sinc e t hey are generally the simplest 
and most c onvenient . Carboxypeptida se A was found to hyd�olyse 
most carboxyl terminal amino acids at varying ra tes  from proteins , 
exc ept for carboxyl terminal proline and arginine ( Ambl er, 1 972a , 
19?2b). This problem was partially overcome by using 
c arboxypept idase B (Folk and Gladner , 1 958 ) , which rapidly 
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releases carboxyl terminal lysine and arginine from prot eins , but 
not proline. Rec ently , a carboxypeptidase C was isolat ed (Zub er , 
1 964 , 1 968 ) which releases carboxyl t erminal proline , and a 
carboxypeptidase Y (Bayashi et al , 1 973 ) which releases all 
carboxyl amino acids from proteins.  

Amino t erminal ezopeptidasea are also availabl e .  Smith and 
Hill ( 1 960 ) reported a leucine aminopeptidase that sequentially 
removed amino acids , at varying rates , from unblocked amino 
t ermini of peptides and prot eins , except for pept ide bonds on the 
amino terminal aide of prol ine. Another enzyme , leucine 
aminopeptidase M is more stabl e and has a similar specificity 
(Wac hsmuth et al , 1966). 

The present proc edures of primAry sequence  determination , 
whet her they b e  manual or automated ,  require to some ext ent 
fragmentation of the polypept id e  chain. A need for method s  to 
cleave a polypept ide chain at spec ific sit es has become a 
fiec essity with the advent of structural studies on larger protein 
molecules .  A variety of nonenzymic methods involving peptide bond 
cleavage have been reviewed ( Witkop , 1 961 ) , and of  these , the 
most specific and generally applicable method available is the 
cyanogen bromide reac tion ( Gross and Witkop , 1 961 ) . This method 
has been popular because of the spec ificity for methionine 
reaiduee ( which are usually rare in proteins) enablins the 
produc t ion of  large fragment s .  Oxidation of methionine t o  
methionine sulphoxide prevent s the cyanogen bromide reaction , but 
a report showed that oxidised methionine residues could be 
reduced to methionine wit h t-mercaptoethanol ( Naid er and Bohak , 
1 972). The cyanogen bromide reaction was used on actinidin t o  
provid e information on the carboxyl terminal region , information 
on overlaps of the tryptic peptid es ,  and confirmation of sequence .  

The studies of  Bergmann et  al  ( 1 939 ) and Bergmann and Fruton 
( 1 94 1 ) ,  which revealed the high specificity of the prot eolyt ic 
enzyme trypsin, opened t he way for the application of proteolytic 
enzymes in the specific cleavage o f  polypept ide chains for the 
det ermination of prot ein struc ture.  Trypsin is the most spec ific 
ot the proteolytic enzymes generally employed , a s  the enzyme 



hydrolyses proteins and peptides only on t he carboxyl sid e  of 
lysine and arginine. The sites of cl eavage can be restrict ed , 
with blocking of the £-amino groups of lysine by carbamylation 
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or ac etylation.  Reversibl e blocking method s  such as 
trifluoroacetylation.or maleylation are also used (Kasper , 1975&). 
Sites of cleavage by trypsin have been ext ended by aminoethylation 
of t he cysteine residues with ethyleneimine ( Raft ery and C ole , 
19GG). Preparations of trypsin sre usually contaminated with 
chymotrypsin which can be removed by reaction with 
L- ( 1-tosylamido-2-phenyl) ethyl chloron...ethyl ket one ( TPCK) 
( Schoellman and S haw , 19G3) ,  or diphenyl carbamyl chloride (DCC ) 
( Erlanger and C ohen , 19G3). 

Most  other enzymes commonly used have broader specific it ies , 
and so are useful l�r further degradation of large peptides , or 
for the determination of overlapping sequence .  The large t ryptic 
peptides  obtained from the digestion of ac tinidin were further 
degraded with chymotrypsin , thermolysin and pepsin. 
Staphylococcus aureue v8 protease , a microbial enzyme recently 
described as specifically cleaving at  the carboxyl sid e  of  
glutamic acid ( Houmard and Drapeau , 1972) , was also found to  be  
useful for further digestion of tryptic peptides from actinidin. 

In genetal , native proteins are not good substrates for 
extensive prot eolytic degradation because of the globular or 

fibroua nature of the protein. Methods for unfolding the 
polypeptid e  chain have included heat ing , tric hloroacetic acid 
precipitation , reduc tion and s-carboxymethylation , and performic 
acid oxidation. Disulphid e reduc tion in 8M to 10M-urea or 

5M t o  GM-guanidine hydrochloride in the presence of 

!-mercaptoetha nol , followed by s-carboxymethylation of the 
liberated reduced thiol groups with iodoacetic acid or 
iodoac etamid e hae been employed ( S ela et al , 1959 ) .  With 
ac tinidin,  reduc tion in GM-guanidine hydrochloride in t he 
presenc e of d ithiothreitol ( Cleland , 1964) was used inst ead of 
!�mercaptoethanol because of the large equilibium constant 
enabling t he use of low conc entrations of dithiothreit ol for 
reduction. The reduced ac tinidin was t hen s-carboxymethylated 
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with iodo[14cJac etic acid (Anfinsen and Haber , 1 961 ) .  The 
det ermination of the ac tive site thiol group in actinidin was 
carried out by enzymic digestion of s-carboxymethylated actinidin 
that was radioactively labelled only at  t he active sit e cyst eine 
and isolation of the  radioac tive peptide .  

Several t echniques have b e en  necessary for the  separation 
of peptide mixtures resulting from either chemical or enzymic 
degradation. Tryptic peptide mixtures from the digestion of 
actinidin were initially separat ed on c olumns of Sephadex gel, 
and on a diethylaminoethyl ( DEAE ) -cellulooe column. The S ephadex 
gels were also used to fractionat e other peptide mixtures. 
Further purification of peptides from actinidin was obtained 
using high voltage electrophoresis on paper , and paper 
chromat ography . The ninhydrin-cadmium reagent and the chlo�ine 
tolidine method were used to detect peptides on paper. Specific 
stains were used to detect arginine ,  t ryptophan and tyrosine/ 
histid ine in peptides.  

To d et ermine the primary sequence of actinidin , 
s-carboxymethylated actinidin was digested with trypsin and the 
tryptic peptid es were purified , charact erised and sequenc ed 
using a combination of the procedures detailed in C hapter II. 

Furt her digestion of the large tryptic peptides  with either 
chymotrypsin, thermolysin , pe�sin , or s. aureus VB prot ease 

provided smaller fragments , t hat after purification ,  could be 
sequenced and then aligned to reconstruct each tryptic peptide. 

s. aureus v8 prot ease was particula�ly useful for the d et ermination 
of amide residues in the large tryptic peptidea because of the 
enzyme specificity for the carboxyl side of glutamic acid. 

The results obtained for the sequence of each tryptic peptide 
of actinidin , tabulated in Chapter III, are discussed in Chapter IV. 
The tryptic peptides  are aligned to  reconstruct the primary 
sequenc e of actinidin using information from cyanogen bromide 
fragment s ,  informat ion from tryptic pept ides obtained from 
maleylated s-carboxymethyl actinidin , and information from the 



X-ray crystallographic struc ture of actinidin det ermined by 
Dr E.N. Baker. 

1 3. 

Finally , the primary sequenc e of ac t inidin is c ompared with 
the sequenc e  of papain and fragmen a of the ficin and stem 
bromelain sequences  that have so far been determined , and the  
degree o f  s equenc e  homology between these plant thiol prote olytic 
enzymes is discussed .  



CHAPI'ER II 

MATERIALS AND METHODS 

MATERIALS : 

General laborat ory chemic als were supplied by Brit ish Drug 
Houses Ltd . , England and by May a nd Baker , England . Supplies of 
otbar c hemicals and materials were obt ained as foll ows : 

Bovine serum albumin Sigma C hemical C ompany , U . S . A  • •  

N-!-carbobenzoxy-L-lysine-R·nitrophenyl ester Vega-Fox 
Biochemicals ,  U . S . A  • •  

C hinese gooseberries Fruit and vege tabl e  market , 
Palmerston Nort h .  

C hromatography No. 1 and 3 MM  paper Whatman , England .  
Cyanogen broaide Ajax Cheaicals , Australia. 
Dialysis membrane Union Carbide Corporation , u. s.A • •  

DEAE-c ellulose Whatman,  England . 
1-dt.etbylaaino benzald ehyde Fluka , Switzerland . 

1 4 . 

DNS-aaino acids and DNS-Cl S igma Chemical Company , U . S . A  • •  

2 , 5-diphenyloxazole (PPO ) S igma C h emical C ompany , U . S . A  • •  

1 , 4-di(2 - ( 5-phenyloxazolyl )]benzene ( POPOP ) Koch-Light 
Laboratories Ltd . , England . 

Disodium tetrathionate pre pared froa sodiua 
thiosulphate using the method of Liu �nd I nglie 
( 1 9?2 ) . 

Ditbiothreitol ( DTT ) Sipa C hemical COIIpa.ny , U .  S .  A • •  

Filter papers Whatman , England . 
1 4 

Iodo[ c2
lacetic acid The Radiochemical Centre , Amershaa, 

England .  
Mal eic anhydride ( B . D . H . ) , was recrystallized from 

chloroform and resublimed und er �acuua. 
A-mercaptoethanol Fluka , Switzerland . 
Nitrogen ( oxygen free ) and oxygen Industrial Gases Ltd . , 

New Zealand .  
2-nitrophenylaulphenyl chlorid e Sigma Chemical C ompany , 

u . s . A  • •  

Phenanthren-9 ,10-quinone Fluka , Switzerland. 



Polyaaide sheets Cheng Chin Trading eo. Ltd., Taiwan. 
Sephadex gels Ph&rmacia Fine Chemicals, Sweden. 
Trifluoroacetic acid (TFA ) Hallocarbon, u.s.A • •  

x-ray film, x-ray plate liquid fixer and developer 
Australia. 

Proteolytic enzymes: 

Kodak, 

�-chymotrypsin, 4 x crystallized 
England. 

British Drug Houses, 

Pepsin Sigaa Cheaical Company, U.S.A • •  

s. aureus vS protease Miles Laboratories Ltd., England. 
Theraolysin, B grade Calbiochem, U.S.A • •  

TPCK-trypsin, Type XI , 1 x crystallized, and soybean trypsin 
inhibitor Sigm& Chemical Company, U.S.A • •  

Purification of solvents: 

Glacial ac etic acid redistilled after refluxins over either 
potassium dichromate or potassium permanganate. 

Hydrochloric acid redistilled in an all glass distillation 
apparatus. For aaino acid analyses, the redistilled 
HCl wa• •tandardiaed to 6M. 

Pheayli•othioayanate ( PITC ) and n-butyl acetate Kooh-Lisht .. 

Pyridine -

Laboratorie• Ltd., England. purification by 
the methods of Edman and Beg& (196?). 

redistilled after retluxing over ninhrdrin and 
then rediatilled after retluxing over KOB. 

£11 other solvents uaed were redietilled before uae. 
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METHODS : 

Sect ion 2 . 1 .  Prot ein purific ation : 

Act inidin was ext�ac ted from firm ripe c hinese gooseberry 
fruit using a modification of the method of Boland and Hardman 
( 1 972 ) . All opera tions were c arried out at 4°C a nd centrifuging 
was done in an RC2 -B Sorvall centrifuge . Two kg of peeled 
sliced fruit was blend ed for 30 s with 2 . 5  1 of extrac tion medium 
c ontaining 1 0  mM disodium tetrsthionat e and 1 mM EDTA. The enzyme 
was extrac ted by stirring for 30 min. The s -sulphenyl thiosulphate 
d erivat ive of the enzyme was prepared t o  prevent autod iges tion 
during purificat ion. 

The extract ion solution c ontaining the reversibly inact ivat ed 
ac ti nidin was c e ntrifuged at 1 2 , 500 x g for 10 ain to remove the 
hard fruit c ores and pipe from the solut ion. The enzyme was 
precipitat ed from t he supernatant by t he addition of  finely 
ground ammonium sulpha te to 70 % satura t ion and stirred for 
30 ain. The precipitate was c ollec ted by c entrifugation at 
8 , 500 x g fo� 10 min and resuspended in 300 ai of a solution 
c ontaining 2 parts d isod ium t etrathiona t e  extraction medium to 
1 part KH2P04 buffer ( 0. 1M, pH 6 . 0) ,  followed by d ialysis e gainst 
distilled wat er ( 2 0  1 )  for 1 6 h to remove the remaining ammonium 
sulphate. The �esidual precipitate was removed by 
centrifugation at 1 2 , 500 x g for 15 min. 

The solution waa clarified by foraing a calcium pho,phate 
gel. cac12 was added to t he supernatant to a concentration o f  
40 aM ,  followed by  the immediate addition of an  aqueous solution 
of K2HP04 to a c oncentrat ion of  1 00 mM .  The calcium phosphate 
precipitated solution was allowed to stand for 3 0  min and then 
centrifuged at 1 2 , 500 x g tor 10 min to produce a clear 
supernatant. 

The clarified supernatant was l oaded onto a DE-23 cellulose 
c olumn contained in a 4 . 5  x 20 ea glass tube and was washed into 
the column with KH2Po4 buffer ( 0. 1M ,  pH 6. 0) ;  containing 0. 02 5M 
KCl .  Elution of  the enzyme from the c olumn •as accomplished with 
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a linear gradient cons�sting of 0. 025M-KC1 ( 1  1 )  and 1.0M KCl ( 1  1 )  
containing KH2P04 buffer ( 0.1M , pH 6. 0 ), at a flow rate of 

-1 50 ml.h • 

The fractions containing enzyme of specific activity greater 
than 30 were pooled , a.nd the enzyme solution concentrated to  2 % 

by precipitation in 55 % saturated ammonium sulphate. The 
precipitate was resuspended in KH2P04 buffer (0.1M , pH 6. 0 ) .  The 
concentrat ed enzyme solution was dialysed for 1 6 h against 20 % 
saturated ammonium sulphate in KH2P04 buffer ( 0. 1M ,  pH 6.0) ,  t o  
produce crystals of actinidin. The crystals were centrifuged 
d own froa the aupernatant at 12, 000 x g for 1 0  min and stored at 

0 0 c .  Before use , the crystals were dissolved in KH2Po4 buffer 
(0. 1M ,  pH 6. 0 ), to give a 2 % protein solution and exhaustively 
dialysed against distilled water. 

Enzyae assay: 

Actinidin was assayed by measuring the rate of hydrolysis of 
N-�-carbobenzoxy-L-lysine-1-nitrophenyl eater to give 
1-nitrophenol which was determined at 348 na .  

The ena1ae solut ion was actiTated by mixing 50 �1 of the 
en&yae solution with 50 �1 0. 1M-dithiothreitol . 50 �l ot this 
solution waa add•4 t o  the reaction mixture which contained 
2. 55 al KH2P04 butter ( 0.1H , pH 6. 0 ) ,  and 0.1 al 0. 1aM-substrate 
in a 3 al quartz cuvette. KB2P04 buffer ( 0. 1M , pH 6. 0 )  was used 
aa the blank. 

The rate ot hydrolysis at 20°C was followed at 348 na using 
a dual beam Beckaan Acta I I I  recording spec trophotometer. The 
ap•cific actiTity ot the purified actinidin (�ol substrate 
tranatoraed . ain-1 . mg protein-1 ) was determined uaing a Talue for 

4 _ ,  -1  c1.nitrophenol � 5 00 l.mol . ea (Boland a nd  Hardman, 1 972 ) a Dd  
1% -1 -1  8 a value of E105 • 2 1 . 2  g .cm tor actinidin at 2 0 nm 

(McDowall, 1 970 ) .  



In other cases , protein was assayed by the Lowry method (Lowry 

et al , 1 951 ) , with a Hitachi 1 01 manual spectrophotometer. 
Bovine serum albumin was used for the protein standard . 

Gel electrophoresis of purified ac tinidin : 

1 8 .  

Disc gel el ectrophoresis of purified actinidin was carried 
out with an Ort ec disc gel el ectrophoresis apparatus and power 
pack , using the 1 5  % gel syst em of Davis ( 1 964) and Ornst ein 
( 1 964 ) .  The mobility of gctinidin was measured relative to the 

dye marker , bromophenol blue.  The gels were stained with 0. 2 5  % 

coomassie blue in 50 % ( v/v ) ethanol/ 7 %  ( v/v ) acetic acid , and 
destaining was carried out in 50 % ( v/v ) ethanol/ 7 % ( v/v ) 

ac etic acid .  

Sec tion 2 . 2 .  Chemical modificat ion reactions : 

Reduc tion and s-carboxymethylation of act inid i n :  

Reduc tion : 

Actinid in { 1 0 �ol) was unfolded in a solution c ontaini ng 

guanidine hydrochloride ( 6M ) , EDTA ( 1 mM )  and Tris-HCl ( 0. 5M-Tris ) 

at pH 8 . 0. A f ive-fold molar exc ess ot dithiothreit ol ( DTT ) 

( Cleland , 1 964 ) ,  over the total thiol groups was add ed t o  the 

solution , a nd r eduction allowed t o  proceed at 4°C under a 
nitrogen atmosphere for 1 6  h .  The reduc ed protein solution was 
then dialysed at 4°c against 2 1 6M-guanidine hydrochlorid e in 

Tris-HCl butter ( O. SM-Tris , pH 8 . 0 )  overnight . 

s -carboxyaethylation: 

A t hree•fold molar exc ess of neutralised iod oacetic acid 
1 4  containing 1 00 � 1  iodo [ c2 ] acetic acid waa add ed t o  the reduced 

aot inidin solut ion a nd allowed t o  reac t for 30 min und er a 



0 nitrogen atmosphere in the dark at 20 c .  The excess i odoac etic 

ac id was r eact ed with 2 ml !-mercapt oethanol and the 

s-carboxymethylat ed ac t inidin sol ut ion was exhaustively di lysed 

against 4 x 5 1 distilled wat er. As t he guanidine hydrochloride 

c onc entration decreased wit h  dialysis , the s-carboxymethylat ed 

prot ein prec ipitat ed , but the mat erial redissolved on exhaustiv e  

dialysis over 2 days.  The solution was d ilu t �td t o  0 . 5 % for 

tryptic digestion. 

Reac t ion of cyanogen bromide with actinidin : 

S•carboxymethylat ed ac tinidin ( 5  �ol ) was dissolved in 1 4  ml 

1 00 % formic acid and diluted t o  20 ml with distill ed wat er. The 

ac id c onditions were used to denature the prot ein and ensure only 

the methionine residues reac t ed .  

A 1 00-fold solar exc ess of crystalline cyanogen bromide was 

�dded t o  the react ion mixture a nd the react ion was c arried out in 

a st oppered vessel for 24 h at 20°C .  Aft er dilut ing the react ion 

mixture t en-fold , the exc ess reagent and formic ac id were 

removed by lyophilization. The prot ein mat erial was redissolved 

in 8M-urea and the cyanogen bromide fragments were s eparat ed on a 

Se�hadex G •25 ( 1 0 t o  40 � partic le size ) c olumn ( 95 cm long) 

support ed in a Pharmacia K-26 x 1 00 cm Chromat ographic tube using 

0. 2M·ammonium bicarbonate ae t h e  elua nt . 

Reac tion of maleic anhydride with ac tinid in : 

( Butler and Hartl ey ,  1 972) 

A solution of s -carboxymethyl act inidin ( 1 0  �ol ) ( radioac t ively 

labelled at the ac tive sit e with iodo l 1 4c2 1 ac et ic acid ) at a 

conc entration of 7 mg. ml - 1  in 6M-guanidine hydrochl orid e was 

reac t ed with 1 40 �ol of recrystallized and resublimed mal eic 

anhydride (2000•fold molar e xc ess ) .  Th• maleic anhydride was 

added in 20 aliquots over a period ot 1 h and the pH was 
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maintained at pH 9. 0 with additions of 2M-NaOH. When the  addition 
of the maleic anhydride was complet e ,  and there was no further 
pH change , the maleylat ed prot ein solution was dialysed against 
distilled wat er ( 4 x 5 l). 

The dialys ed maleylat ed s-earboxymethyl prot ein was digested 
with trypsin a nd the maleyl tryptic peptides were initially 
separated on a S ephadex G-75 ( 10 t o  40 � particle  size) column 
( 95 em  long) supported in a Phar�ac ia K-26 x 1 00 em 
chromatographic tube using 0. 2M-ammonium bicarbonate as t he eluant . 
Removal of t he maleyl groups was accomplished in one of the 
following two ways : 
1.  By exposing the maleyl peptid es on paper to t he vapour of 
pyridinium acetat e buffer (1  % pyridine , 5 %  glacial ac etic acid , 
pH 3 . 5 )  at 60°C in a dessicator overnight . 
2 .  By incubation o f  the peptide mat erial i n  pyridinium ac etate 
buffer overnight at 6o0c. 

Section 2. 3. Enzyme digestion of actinidin: 

TryPsin : 

14 s-carboxy[ c2 )methyl actinidin was digest ed with  TPCK-trypsin 
using the titrimetric method (Kasper , 1 975b ) .  A radiometer pH-26 
pH meter wae used to  measure the pH of the digestion solut ion 

which was maintained at pH 8. 0 with 0. 05M-NaOH. 

A 0. 5 % solution of t he prot ein was digested at 37°C u nder 
nitrogen. TPCK-trypsin ,  at an enzyme/substrate ratio of  1 : 100 
(w/w ) was added at the start of the digestion , and aft er 1 h ,  a 
further 1 : 1 00 ( w/w) trypsin was add ed . The digestion was 
c ontinued for a further 1 h. The e nzyme digestion was stopped by 
the addition of soybean t rypsin inhibitor in an equimolar 
quantitt *ith respect to trypsin. The digestion solution was 
l10Phili�e4 and redissolved in 5 ml to 1 0  ml 0.2M-ammonium 
bicarbona-te for column chromatography. 
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C hymotrypsin , t hermolysin and s. aureus VB prot ease : 

C hymotrypsin , t hermolysin and s .  aureus v8 prot ease were u sed 

to  furt her degrad e the  larger tryptic pept ides t o  produc e smaller 

peptid e s  for sequ e nc e  det ermination and for sequenc e overlaps 

wit hin the tryptic peptid es .  All digestions were performed in 1 % 

ammonium bicarbona t e  a t  37°C with A D  enzyme/substra t e  r�t io o f  

1 : 1 00 ( w/w ) for 2 to 3 h. T h e  d igestion w a s  stopped by 

lyophiliza t ion and the complex p eptide mixture was initially 

separat ed by eit her c olumn c hromatography or high voltage pa per 

elec trophoresis . 

Pepsin : 

Pepsin was used to degrad e the larger s. aureus VB protease  

pept ide s  derived from the  d ige stion o f  t he larger trypt ic 

pept id es .  The pept ide was d issolv ed in 1 00 % formic acid and 

d ilut ed to 5 % formic acid with distilled water t o  give a 

solution of about pH 2 .  Pepsin� a t  an enzyme/substrat e rat io of  

1 : 1 00 ( w/w )  was added and the digest ion c arried out at  37°C for 

' h .  The formic a c id was removed by lyophilization and the 

mat erial red issol v ed in 0. 02M-ammonium hydroxid e for paper 

electrophoresis .  

Carboxypeptidase A :  

C arboxypept idase A was used t o  c onfirm the carboxyl terminus 

of ac tinidin. 

Three  sample s  of actinidin ( 300 nmol per sampl e )were treat ed 

i n  the following ma nner prior t o  carboxypeptidase A digestion. 

Sample 1 .  Control . 

300 nmol actinid in was added to 1 ml pyridinium ac etat e bu ffer 



( 0.1M-pyridine, pH 6.0). 

Sample 2 .  Dithiothreit ol activat ed. 
300 nmol actinidin was added t o  1 ml pyridinium acetate 

buffer ( 0. 1M-pyridine, pH 6. 0) and 1 �mol ditbiothreitol was 
added 

Sample 3 .  Acid denatured . 
300 nmol actinidin in solution was ad justed to pH 1 . 0  with 

0. 5M-HC1 .  

22. 

After the three samples had stood for 40 min , a 0. 2 ml aliquot 
w�s taken from each sample and mixed with 0.2 ml 0. 4M N-ethyl 
morpholine. Carboxypeptidase A solution ( 50 �l) prepared by the 
method of Ambler ( 1 972a, 1 972b) ( adapted from the method of 
Harris et al, 1 955) was edded, and the digestion carried out at 
37°C for 1 h. The digestions were dried d own und er high vacuum 
and redissolved in 50 �1 distilled wat er. 1 0  �1 of this solution 
was t�en for polyacrylamid e disc gel elec trophoresis using 1 5  % 

gels (Davis, 1 964 ; Ornstein, 1 964) and the remaining 40 �1 were 
used for amino acid analysis. 

S ection 2 . 4 . Column chromatography: 

The columns used for the purification of  peptid es were 
c ontained in either a K-26 x 1 00 cm or K-1 6 x 60 cm Pharmacia 
jacketed chromatogra phic tube, pumped in either the  asc ending or 
descend ing direct ion using an LKB RecyChrom type 4912-A 2-channel 
peristaltic pump. Eluat e fractions were collected from the columna 
using a n  LKB ?000 Ultrorac fraction collector and the eluat e was 
monit ored at 2

80 nm using s n  LKB 8300 Uvicord I I  monitor . 

S ephadex gel filtration: 

Sephadex G-25 ( 1 0 to 40 � particle size) was used for peptide 



frac t ionation , a nd Sephad ex G-2 5 ( 40 t o  1 20 �m particl e  size ) for 

desalting peptid e sampl e s  in 0� 2M-ammonium bicarbona t e  using 

either a K-2 6  ( 95 cm l ong ) or K-1 6 ( 5 5  cm l ong) c hromatographic 
-1  t ub e .  A flow rat e  of 50 ml . h  was used for d esal t ing samples , 

- 1 · 
whil e peptid es were frac t ionated a t  a flow rate of 1 5  t o  2 0  ml . h  • 

The t rypt ic peptid es from c arboxymethyl actinid in were 

initially fract ionat ed on two Sephad ex G-50 ( 1 0 to 40 �m part icl e  

size ) c olumns ( each c olumn 95 c m  l ong ) packed i n  K-26 x 1 00 cm 

chr omat ographic tubes whic h were l inked t ogether with 1 mm ( i . d . ) 

Port ex t ubing. The syst em was pumped at an � scend ing flow re t e  of  
-1  2 0  ml . h  • 

The t ryptic peptid es from mal eyl a t ed c arboxymethyl a c t i nidin 

were frac tionated on a Sephadex G-75 ( 1 0  t o  40 �m pa rticle size ) 

c olumn ( 95 cm l ong ) and t h e  sys t em was pumped at an a sc end ing 

flow rat e  of  2 0  ml . h-1 • 

2 . 4 . 2 .  DEAE-cellulose c hromatography: 

DE-32 c ellulose was used t o  further trac tiona t e  the  large 

t ryptic peptides d erived from carboxymet hyl ac tinid in. The DE-32 

c olumn ( 95 om long ) was contained i n  a K-26 x 1 00 cm 

o hroaatographio tube and we e equilibrat ed with Tria-HCl buffer 

( 0. 05M-Tris , pH 8. 0 , 0. 02 5M-NaCl )  a nd was pumped at an asc ending 

flow rate of 25 ml . h- 1  using a continuous flow gradient syst em t o  

elute the peptides from the column. 

The gradient system consist ed of  Tris-HCl buffer ( 0. 05M-Tris , 

pH 8. 0 ) c ont aining the foll owing c onc entrations of  NaCl : 

Gradient 1 .  

Gradient 2.  

550 ml 0. 02 5M-NaCl 

3 50 ml 0. 2M-NaCl 

x 550 ml 0. 2M-NaCl .  

x 350 m1 o. sM-Nacl .  

The NaCl gradient was checked by using a Radiometer type 

CDM2 e c onduc tivity met er. 
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Sect ion 2 . 5. Pept id e purific ation by paper t ec hniques : 

2 . 5. 1 .  High voltage paper elec trophoresis : 

Small pept ides derived from act inidin were further purified 

by high volt age electrophoresis on paper using a tank 

elec t rophoresis apparatus ( Mic hl , 1 951 ) with Shell Sol-T a s  t he 

c oola nt . Three el ectrophoresis tanks containing pH 6 . 5 , pH 3 . 5 
and pH 2 . 1 buff er were used : (Ta ng and Hartley , 1 967 )  

pH 6. 5 : Pyrid ine/glacial acetic acid/dist illed wat er , 

(25 : 1 : 22 5  by vol . ) 

for separating pept id es that , at pH 6. 5 , have a net 

basic or acidic c harge . 

pH 3 - 5 :  Pyrid ine/glacial acetic ac id/d ist illed wat er , 

( 1 : 1 0 : 90 by vol . ) 

useful for further purifica t ion of peptid es containing 

carboxymethyl cyst eine . 

pH 2 . 1 :  Formic ac id/glac ial acetic acid/distilled wat er , 

( 1 : 4 : 45 by vol . ) 

for separat ing pept ides t hat are neutral at pH 6 . 5 . 

The pH 6 . 5 ,  pH 3. 5 and pH 2 . 1 electrophoret o grams were 
-1 sub j ec t ed to 50 v. cm • Whatman No . 1 c hromatography paper 

(46 cm x 57 cm ) was used for qua nt itat ive runs a nd pept id e mapping , 
whil e Whatman 3MM chromatography paper was used for the 

preparat ive purification of pept id e s .  To aid the c omparison and 

identification of pept id e s , two 5 mM marker amino ac id solut ions 

in 1 0 % isopropa nol were used : 

R marker : 

T aarker : 

Tyr Phe Met 

Asp Glu Thr 

Leu Val 

S er Ile 

Arg Lys. 

Ala His Gly . 

5 �1 of each marker amino acid solution was applied t o  t h e  

c hromat ogram. DNS -Arg a nd  DNS•OH were used a s  fluorescent 

markers for electrophoresis and c hrocat ography . For 

elec trophoresis at pH 6 . 5 , mobilit ies of pept id es were measured 

relat ive t o  a spartic acid , s nd  at pH 3 . 5 ,  pH 2 . 1 and c hromat ography , 



r elative t o  DNS-Arg. Guid e st rips were c ut from all 

e l ec trophoretogram& for staining to locate t he positions of t he 

peptides.  

Paper c hromatography : 

Desc e nd ing c hromatography on sheet s  of Whatman No. 1 and 3MM 

c hromat ography paper was carried out in Shandon chromat o graphy 

tanks for two d imensional pept id e mapping and !or the 

purification of  some peptid e s  t hat would not separa t e  by 

electrophoresis. Two solvent syst ems were used : 

BAW : butanol/glac ial ac etic ac id/distilled water , 

( 4 : 1 : 5 by vol � ) using upper phase.  ( Kat z et a l , 1 959 ) 

BAWP : butanol/pyrid ine/glac ial ac etic acid/distilled wat er , 

( 75 : 50 : 1 5 : 60 by vol . ) ( Light and Smith,  1 962 ) .  

To map t he peptide s  produc ed by furt her digestion o f  lArge 

t ryptic pept id e s , 1 00 nmol of t he peptid e mixture was 

25. 

separat ed by pH 6 . 5  elec trophoresis , the neutral band was rerun 

at  pH 2 . 1 ,  a nd strips from both electrophoretogram& were 

c hroma tographed in t he BAWP solvent t o  produc e 8 two d ime nsional 

map. 

Peptid e st aining on paper : 

All elec trophoretogram& and c hromatograms were checked for 

fluoresc e nce und er a 366 nm wavel e ngt h UV light before staining. 

Guide strips and two dimensional pept ide maps were st ained wit h 

the ninhydrin-cadmium ac et3t e rea gent a nd occasionally , t he 

c hlorine-tolidine r eagent was used . 



Solution A :  

Solution B :  

Ninhydrin-c admium re�gent : 

( Atfield and Morri s , 1 96 1 ; Heathcote and Haworth , 

1 96 9 )  

1 5  g cadmium a c et ate + 300 ml glacial ac etic ac id + 

600 ml distilled water. 

1 % ninhydrin in ac e t one . 

S olut ions A a nd B wer e  mixed in the ratio 3 : 1 7 prior to dippi ng 
0 t he paper and air drying at  20 c .  

26. 

The papers were st ored in a chromat ography tank containing a 
aaall vessel o f  c onc e ntrat ed sulphuric ac id t o  produc e an 

ammonia free a tmosphere to r educ e  background col our d evelopment . 

To prevent ninhydrin spot s fading , the papers were dipped i n  

cuprid nitrat e  reagent ( Kawerau and Wieland , 1 951 ) which was 

prepared by mixing 1 00 ml 95 % etha nol with 0. 2 ml 1 0  % nitric 

ac id and 1 ml saturat ed cupric nitra t e .  

Chlorine-tolidin! reagent : 

( Raindel and Boppe , 1 954 ) 

The paper t o  be stained was washed with acetone/et hanol 

( 1 : 1  v/v ) and bl ot t ed dry . The damp paper was exposed to a 

c hlorine atmosphere f or 1 5  min which waa prepared by mixing equal 

vol uaes of 1M-HC1 and 0. 05M•pot assium permanganat e  in a sealed 

perepex container prior t o  chlorination or the paper.  A ft er 

c hlorination • the exc e s s  C hl orine wae removed from the paper in a 

tuae hood . The chl orina t ed paper waa d ipped in a solut ion 

containing freshly mixed equal volumea ot saturat ed tolid ine in 

2M-acet1c acid and 0. 05M-potaasium iodid e  solution. The paper 

waa imaediat ely blot t ed , revealing the l oc ation of peptid ea aa 

�lue apot a.  



Specific amino ac id staining on paper : 

To obtain extra information from peptid e  maps a nd guid e 

strips , specific staining reagents were used . 

( a )  Ehrlich reagent for trypt ophan :  

( Smit h , 1 953 ) 

1 0  % £-dimethylamino benzald ehyde in c o nc entra t ed HCl was 

mixed with ac etone ( 1 : 9  v/v ) just before d ipping t he paper . The 

purpl e c ol our d evelopme nt at 2 0°C due t o  tryptophan was observed 

from 0 t o  30 min aft er staining. 5 �1 of a standard 5 mM 
tryptophan solution was appl i ed as a c ontrol spot be fore staining. 

( b )  Arginine reagent : 

( Yamada a nd  Itano , 1 966 ) 

Equal volumes o!d. 02 % phe nant hrene -9 , 1 0-quinone in absolu t e  

e t ha nol , and a fresh solution of  1 0  % NaOH i n  60 % ( v/v ) e t ha nol 

were mixed prior to d ipping the paper. Arginine spots  showed up 

with a green/ blue fluoresc enc e  under 366 na wavel ength UV ligh t  

after air drying at 20°C for 2 0  min. 5 � l  of  a standard 

5 aM-arginine solut ion was appl ied to the paper as a control 

spot before staining. 

( c ) Pauly reac tion for hist idine and tyrosine : 

Solut ion A :  

Solution B: 
Solution C :  

( Frank and Petersen ,  1 955 ) 

1 % sulphanilic acid in 1 M-HCl.  

5 % sodium nit rite. 

15 % s od ium carbonate .  

Equal voluaea o f  solutions A a nd  B were mixed and allowed t o  

stand for 1 0  min at 0°C .  Two volumes o f  solution C were add ed t o  

the cool ed aixture .  The paper was immediately d ipped and 

blot t ed dry.  Hist idine gives a cherry-red colour a nd tyrosine a 

weak rust colour . The spots were marked immediat ely as they 
fad ed rapidly. 



2 . 5 . 4 .  Pept ide elution from paper : 

Foll owing elec trophoresis or c hromatography , peptid e s  were 

located using the stained guid e strips and were elut ed from the 

paper with 0. 02M-ammonium hydroxid e .  In one c ase , a pe ptid e 

required elution from the paper with the BAWP solvent . 

28. 

Paper strips containing pept id es to be elut ed were support ed 

v ert ically between gla s s  slid es in a perspex peptide elut ion 

a pparatu s .  The peptid es were elut ed in the d esc e nding d irection 

i nt o  glass test tubes ( 6  cm x 1 c m ) . Normally 2 m1 of eluate was 

c ollec t ed a nd lyophilized . The pe pt ide material was redissolved 
0 i n  250 �1 0. 02M-ammonium hydroxid e and stor ed at - 1 0  C until 

required for analysis. 

S ec tion 2 .  6 .  Amino acid a nalysis : 

2 . 6 . 1 .  D et ermination of  t he amino acid c omposition of  pept id e 

a nd prot ein samfles : 

Peptide samplea t o  be hydrolysed for amino acid analysis 

(20 to 50 naaol ) were dried down in thick *alled e.c id washed 

pyrex t eat tubes ( 1 0  mm x 75 mm ) , followed by the add it ion of 

0. 2 ml 6M-HC1 containi ng 0. 1 % phe nol t o  reduc e l oss es of 

tyrosine . The cont ent s of the tubes were c ooled and the tubes 

were seal ed under vacuum ( 0. 5 to 0. 1 mm Hg ) .  

For prot ein samples , 900 nmol norleuc i ne was added a s  a n  

internal standard t o  a stock solut ion o f  300 nmol actinidin. 

Protein samples for amino acid analysis ( 1 5  nmol ) were oxidised 
0 with per formic acid a nd hydrolysed at 1 1 0!1 C in triplicate for 

24 • 48 a nd 72 h with 1 ml 6M-HC 1 c ont a ining 0. 1 % phenol , e nd t he 

r e sults were extrapolated back t o  zero t ime. Performic acid was 

mad e by mixittc 1 volume hydrogen peroxid e ( 35 % w/v) with 1 9  

volumes 1 00 � formic ac id a nd add ing 500 �l o t  this solution . t o  

t h e  prot ein sample ( 300 nmol ) .  The react ion was carried out for 

� h and t he performic acid removed under high vacuum. 



2 . 6. 2 . Det ermination o f  t rypt ophan : 

The number o f  tryptopha n residues in act inid in were 4 et e raiaed 

c ol orimetric ally by rea c t ion with 2 -nitrophenyl sulph enyl c hl orid e 

acc ord ing t o  t h e  met hod o f  S c of fone et al ( 1 968 ) .  

s -carboxymet hyl ac tinid in ( 1 . 0  �mol ) was dissolved in 2 . 5 ml 
1 00 % formic acid a nd t he n  d ilut ed t o  50 % formic acid with 

2 . 5  ml d istilled wat er to give a n  a pproximat ely 0 . 5 % solution 

of a c tinidin. A t en-fold molar exc e s s  of 2 -nitrophenylsulphenyl 

c hl orid e ( NpS -Cl ) diss olved in 1 . 0  ml glac ial a c e t ic acid was 

add ed to the prot ein solution and allowed to reac t for 20 min in 

an ic e bath. The NpS -actinidin was precipitat ed from the reac tion 

mixture by t h e  addition of 1 50 ml acet one and the prec ipita t e  was 

c e ntrifuged d own from the s olut ion and washed twice wit h acetone. 

The washed precipitat e  was dissolved in 0. 1M-ammonium hydroxid e 

and d ialysed against d ist ill ed wat e r  ( 2  x 5 1 ) .  

The absorbance of the dialys ed NpS -ac tinidin solut ion was 

d e t erained a t  365 nm a nd the aaount o f  t he NpS moiety bound t o  the 

4 - 1  - 1  prot ein was d et ermined using a value of c NpS • 000 l . mol . cm • 

�he prot ein c ont ent in sampl es o f  t he dialysed NpS -ac tinid in was 

det erained by aaino acid a nalysis. 

S ec t ion 2 . 7 .  Det ermina t ion o f  radioac tivity :  

1 4
c radioac tivity was det ermined either by liquid 

sc int illation spec tromet ry or by rad ioaut ography . 

Liquid ac.int illat ion spec trometry: 

Rad ioac tive peptide& in eluat e fractions from peptid e  

separat ion by c olumn chromat ography were determined by transferring 

1 0  �1 ot solut ion from each frac tion tube to glass screw c apped 
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sc intillat ion vials c ontainin g  5 ml Triton X-1 00/ t oluene 

scintillat ion solvent . The vials were c ount ed in a model 3375 

Packard Tri -Carb l iquid scint illation spectrome t er and the c ount s  

correc t ed !or que nching. 

Scintillation solvent : 

4 g 2 , 5-diphe nyloxazole ( PPO ) a nd 1 00 mg ( 1 , 4 -d i [ 2 - ( 5-

phenyloxazolyl ) ]  benzene ( POPOP ) were d is s olved in 667 ml t oluene , 

followed by the a ddition of  333 ml Trit on X-1 00. 

2 . 7 . 2 . Rad ioaut ography: 

Preparat ive paper elec trophoret ograms , chroma t o grams a nd 

pept id e maps containing ra d ioa c t ive peptides were exposed t o  

Kodak X-ray plat e s  ( 35 c m  x 43 cm ) .  Th e X-ray plat es were 

devel oped manually using s t a ndard Kodak X-ray plat e  d eveloper 

and fixer . 

S ec tion 2 .  8 . Pept id e seque nc ing :  

2 . 8 . 1 . Daneyl N-t erminal proc edure !or peptid es : 

( Gray , 1 967a ) 

5 t o  1 0  nmol { 1 0 �1 ) of pept id e was dried d own in a 5 mm x 

30 mm tapered gla ss tube. 1 0  �1 0. 2M-eod ium bic arbonate and 

1 0  �1 1 -d imet hylaminone phtha l ene-5-sulphonyl c hlorid e  ( D NS -c l ) 

( 2 . 5 mg. ml -1 in acet one ) were add ed t o  the tube t o  give 5 mM 
DNS -Cl , 1 mM peptid e  and 50 % acetone a t  about pH 9. 8. The 

solut ion in the tube was mixad , t he t ube sealed with para!ilm , 

and incubat ed tor 30 min at 4 5°C .  The reac t ion mixture was 

evaporat ed and t he pept id e  was hydrolysed under vacu�m in 6M-HC 1 
tor 1 6 h a t  1 1 0°C .  The tube wa s opened and the c ontent s  evaporsted 

over NaOH pellets . The DNS -amino s c id was dissolved in 95 % 



ethanol ( 5  �1 ) and equal amount s were spott ed on each s �d e  o f  a 

polyam�d e sheet ( 7 . 5 cm x 7. 5 cm ) (Woods e nd Wang , 1 96? )  for two 

dimens�onal c hromatography. 1 �1 of a DNS-amino acid marker 

solution ( c ontai�ng 0. 1 mg. ml-1  D NS -Gly , DNS-Glu , DNS -Ile , 

DNS -Phe , D NS -Pro , DNS -S er a_nd DNS -Arg ) was applied t o  o ne s�de 

of  the plat e .  

C hromatography solvent s :  

1 .  1 . 5  % ( v/v ) form�c acid �n dist�lled water.  

2.  Toluene/glac�al ac et�c ac �d ( 9 : 1 v/v ) .  

3 .  Ethyl ac etat e/methanol/glac�al acetic ac�d ( 20 : 1 : 1 b y  vol. ) .  

4 .  ( glac �al acet �c acid 40 : pyr�dine 22. 5 :  wat er 2 500 , pH 4 . 4 )/ 

et hanol , m�xed in a rat i o  o !  75 : 2 5  ( by vol . ) .  

5 ·  0 . 05M-Na3P04/ethanol ( 3 : 1 v/v ) ( pH about 1 1 ) ,  

no separa t�on o f  arginine and ly s�n� at pH above 1 2 .  

The plat es were run in solvent 1 i n  one dimension for 1 2  min , 

dried 1 5  min , then run in solvent 2 in t he second d �meneion for 

1 5  min , dried and examined under 366 nm wavelength UV l ight . 

S olvent 3 was t hen run in t he same dimension as solvent 2 !or 

1 0  mid , dried and e xamined und er UV light { g�ving separation of 

DNS-Thr/Ser , DNS -Glu/Asp and DNS -CMCys from DNS -OH ) .  S olvent 4 

waa run in the same dimension aa aolvent 2 tor seven min t o  

separate DNS-His from DNS-tye and DNS -Arg , and solvent 5 w�s 

run for 45 min to separate DNS •Lye and DNS-Arg. 

2 . 8. 2 .  Dansyl-Edman proc edure for pept ide sequencing :  

( Gray , 1 96?b ; Hartley ,  1 97 0 )  

The pept ide sample ( 1 00 t o  500 nmol ) �n 1 00 t o  2 00 �1 

distilled water was transferred t o  a screw capped pyrex teat 

tube ( 1  cm x 4. 5 c m )  and dried d own under vacuum ready for Edman 

degradat ion. 1 50 �l dist illed wa ter and 1 50 � 5 % ( v/v ) 

phenyliaothiocya na t e  ( PITC ) in pyrid�ne were added and t he tube 

was gassed with oxygen-free nitrogen before be�ng seal ed with a 

screw c ap lined with aluminium foil . The tube was incubated at 

• 



45°
C for 1 . 5  h .  The tube c ontents were then dried over P2o5 

a nd NaOH pellets  u nd er high vacuum a t  60°C for 30 min. 

2 00 �1 trifluoroacetic acid (TFA ) was add ed and the tube was 

gassed with oxy ge n-fre e nitrogen be fore being seal ed . The tube 

was incubated at 4 5
°C for 30 min to c leave t he N-terminal 

phenylthiocarbamyl amino acid from the pept ide.  The TFA was 

removed und er vacuum over NaOH pel l e t s .  To remove the by-produc ts , 

t h e  mat erial in t he tube was suspe nd ed in 200 �1 distill ed w a t er 

a nd was extrac t ed with 3 x 1 ml �-butyl ac etat e .  The top �-butyl 

acetate  layer was discard ed and the peptid e in t he aqueous phase 

dried down. The pept ide sample , now one residue shorter , was 

dissol ved in 1 50 �1 d istilled wa ter , from which a 5 or 1 0  �1 
sample was taken for N-t erminal analysis by dansylation. The 

r emaining mat er ial was subj ected to another cyc l e  of  the Edman 

d e gradation. 

Rapid Edman d egradation : ( Gray , 1 972a ) 

This proc edure was used to obtain the seqL�nc e  of  t h e  first 

t hree  to five residues from the N-t erminal end of the l arger 

t ryptic pept ides.  1 0  nmol ( 1 0  �1 ) o f  t h e  pept ide to be  analysed 

wa s placed in each of  four tapered glass t est t ubes ( 6 mm x 40 mm )  

a nd the cont ents dried d own. 2 5  �1 d istilled wat er and 2 5 �1 
5 � ( v/v ) PITO in pyridine were add ed to eac h tube and the t ubes 

were gassed wit h  oxygen- free nitrogen before being se&l ed with 

a rubber cap lined with aluminium foil . The tubes were incuba ted 

for 1 h at 45°0 and t he tube cont e nt s  were then dried over NaOH 

pell ets and P2o5 und er high vacuum at 60°0 for 30 min. 50 �1 TFA 

was added t o  eac h tube a nd the tubes  were gassed with oxyge n-free 

nitrogen be fore being seal ed . The t ubes were incubat ed at 45°0 

for 30 min t o  cl eave the N-t erminal phenylthiocarbamyl amino a c id 

from the peptid e .  The TFA was removed und er vacuum over NaOH 

pell ets.  

One of the tubes was set asid e and the Edman d egradat ion was 

repeat ed on t he other t hree tubes which was fol lowed by removal 



o f  another tube and the Edman reac tion repeated on the remaini ng 

two tubes until t he peptid e samples in each of the tubes were 

each d egr �ded a different number of  residues .  The peptide samples 

in the  t ubes were dissolved in distill ed wat er ( 2 5  �1 ) and 

extrac t ed with �-butyl acetat e (3 x 2 5  �1 ) .  The c ont ent s o f  eac h 

tube were dansyla t ed a nd t he N-t erminal s analysed by two 

dimensio nal chromatography to give the N-t erminal sequenc e  of 

amino acids in the peptide .  

2 . 8. 4 . Determinat ion of amid e groups : 

The Offord mobility proc edure for pept ides was used t o  

d e t ermine amide groups a nd !or comparison of  the relative 

mobil ity ( from electrophore sis ) a nd molecular weight of  a pept id e  

with t h e  net c harge on t he peptid e  ( Of!ord , 1 966 ; Gray , 1 972b ) .  

The mobility of a pept id e can be d escribed by t he equat ion 

l og(mobil ity ) = 1 . 44 + log( -e ) - 0. 6log( MW )  

where e is the net ionic c harge at a given pH ( e . g. pH 6 . 5 or 

pH 2 . 1 ) . From a graph of l og( mobility ) vs. log ( MW ) ' the c harge 

on a peptide can be determi ned . 

By removing a sample of t he pept ide aft er eac h  Edman 

d e sradation cyc l e  t or det ermination o f  the mobility of t he 

pept id e  by high vol tage elect rophoresis , it is possibl e t o  

det ermine whet her or not a charged amino ac id has been l ost from 

the peptide.  

S ec t ion 2 . 9. D et ermination of the ac t ive site cyst eine residue 

in ac tinid i n :  

Actinidin ( 1 0  �mol ) in 2 0  m l  Tris-HC l  buffer ( 0. 1M-Tris , 

pH 8 . 0 )  was reduc ed with a five- fold molar excess of  DTT for 4 h 

at 4°c .  The reduced prot ein ( reduc ed only �t the  ac tive site 



cysteine residue ) solution was dialysed for 4 h against 2 1 

Tris-HCl buffer ( 0. 1M-Tris , pH 8 . 0 )  to  remove exc ess DTT . 
Sufficient Tris-HCl buffer ( 3M-Tris , pH 8 . 0 )  was add ed to make 
t he buffer c oncentration of  the protein solution to  0. 5M. 

A three-fold molar excess of neutralised iodoacetic acid 

34. 

14 c ontaining 20 �i iod o [ c2) acetic acid was added to  the reaction 
mixture . The iodoacetic acid was reac ted wit h the reduced 
actinidin for 30 min at  20°C in t he dark under a nitrogen 
atmosphere .  The reac tion was stopped by t he addit ion of 1 ml 
�-mercaptoethanol , and the S -carboxymethylated protein was 
exhaustively dialysed against distilled water. This act ive site 
cysteine S-carboxy [ 1 4c2 ] methyla t ed aetinidin was unfolded in a 

solution containing guanidine hydrochlorid e ( 6M ) , EDTA ( 1  mM )  e nd 
Tris-HCl bu ffer ( 0. 5M-Tris ) at pH 8. 0. A five-fold molar excess 
of DTT was added to the solution e nd reduc t ion allowed to proc eed 
at 20°C under a nitrogen atmosphere for 4 h .  The reduc ed protein 
solution was then dialysed at 20°C against 2 1 6M-guanidine 
hydrochloride in Tris-HCl buffer ( 0. 5M-Tris , pH 8 . 0 )  for 4 h .  
A three-fold molar exc ess of neutralised iodoacetic ac id was 
added to  the reduced ac tinidin  s olution a nd  was allowed to reac t 
for 30 min under nitrogen in the dark at 20°C . The exc ess 
iodoacetic ac id was reacted with 2 ml �-mercapt oethanol a nd the 
prot ein solution was exhaust ively dialysed against 4 x 5 1 
cliatilled water. 

The prot ein was digest ed with chymotrypsin at an enzyme/ 
substrat a ratio of 1 : 1 00 ( w/w ) in 0. 2M-ammonium bicarbonat e for 
3 h .  The complex peptide mixture from the enzymic d igestion was 

separat ed on a column ( 95 cm long )  of Sephadex G-25 ( 1 0 to 40 � 
part icl e size ) , supported in a K-26 x 1 00 cm Pharmacia 

c hromat ographic tube . The rad ioac t ive pe pt ide frac tion was 
pool ed and further purified by high voltage electro phoresis .  
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CHAPTER I I I  

RES ULTS 

Section 3 . 1 .  Purification of actinidin :  

The absorbanc e profile at  280 nm for the elution of  actinidin 
from the DE-23 cellulose c olumn using KH2Po4 buffer ( 0. 1 M ,  pH 6. 0 ) 
with a 0. 025M to  1 . 0M-KC1 gradient is given in Fig. 3 . 1 • •  

The c ourse of the purification of  actinidin , starting with 2 kg 
peeled chinese gooaeberries ,is  shown in Table 3 . 1 • •  

Table 3 . 1 .  Purification of  actinidin. 

Proc edure Total Erotein Total activit;t SEec ific 
(mg )  ( E. U. ) activitz 

Centrifuged extract .  29 , 000 66 ,700 2 . 3  

Ammonium sulphat e 
resuspended ppt . 
dialysed & centrifuged . 3 ,400 54 ,740 1 6 . 1 

calcium phosphate 
gel aupernatant . 3 ,200 52 , 800 1 6 . 5 

Pool ed DE-23 eluate.  600 45 ,000 75 . 0  

Ammoniwm sulphate 
crystallized enzyme. 460 36 , 800 8o . o  

The specific activity o f  alt ernate fractions c ollect ed from 
the DE-23 cellulose column was determined and is plotted in 
Fig. 3. 1  • •  

Polyacrylamide gel electrophoresis of crystallized actinidin 
gave a single band with a mobility of 0. 79 relative t o  
bromophenol blue . Dansylat ion o f  crystallized ac tinidin gave a 

single N-terminal leucine . 



Fi.g. 3 . 1 .  DEAE-e ellulose c hr omat ography o f  ac tinid in. 

The resuspe nded dialysed solut ion c ontaining ac t inid in that had bee n 
prec ipitat ed from the extrac tion medium with 70 % satura t ed ammonium sul pha t e  
was l oad ed ont o a DE-23 cellul ose c olumn ( 4 . 5 cm x 20 cm ) t hat was 
e quilibrated with KHzP04 buffer ( 0. 1M ,  pH 6 . 0 )  c ontaini �g 0. 025M-KC 1 .  The 
prot ein was washed int o t he c olumn with KH2P04 bu f fer ( 0. 1 M ,  pH 6. 0 ,  

0. 025M-KC1 ) and t hen elut ed from t he c olumn with a linear grad ie nt consist ing 
o f  0. 025M-KC1 ( 1  1 )  a nd 1 . 0M-KC 1 ( 1  1 ) .  The pro t e i n  was monit ored at 2 80 nm 

and t h e  e nzyme ac tivity was d e t ermined from t h e  ra t e  o f  hydrolysis o f  
N -�-CBZ-lys-£-NP at pH 6. 0 and 20°C .  The highest spec i fic act ivity 

-1 - 1  ( �mol substrat e transformed . min . mg protein ) was f ou nd in t h e  lat er 
portion of the prote in peak. The fra c ti ons c ontaining prot ein wit h a speci fic 
ac t iv ity great er than 30 were pool ed .  

Vol 
0'\ 
• 
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Section 3 . 2. Amino acid c ompo sit ion of actinidin: 

S ampl es of act inidin ( 0. 5 mg)  were hydrolysed for 24 , 48 

and 72 h .  Each hydrolysat e  was analysed in triplicat e on an 

aut oma t ic amino acid analyser. 

The quantities  of amino ac ids from each hydrolysat e were 

stand ardised using norleucine as an int ernal standard . The 

residu e  number of each amino acid was c alculat ed bas ed on a 

molecular weight for act inid in of 23 , 500 ( an approximat e 

molecular weight obtained from the sequenc e  data ) .  

38. 

T o  d et �rmine t his c omposit ion , t he values for t he amino acid s  

t hreoni ne and s erine were obtained by ext rapolat ing t h e  result s 

t o  zero time , while the v&iues for alanine , valine , leucine a nd 

isoleucine were obtained from the maximum readings after 72 h 
hydrolysis. The c ont ent of t h e  other amino acids was determined 

from t h e  average of the hydrolysis value s .  

Cyst eine and cystine were det ermined together a s  cyst eic acid 

because carboxymethyl cyst eine did not always re solve c omplet ely 

from aspartic acid on the amino acid analyser und er t he 

cond it ions used . Tryptophan was det ermined c olorimetrically by t he 

met hod of Scoftone et al ( 1 968 ) ,  from an average o f  t hree 

estimat ions . 

The amino ac id analysis data for actinidin are given in 

Tabl e 3 . 2  • •  
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Tabl e 3 . 2 .  Amino acid composition o f  ac tinidin� 

Amino acid Hzdrolzsis t ime 
a Avera§e residue No . 

residue 

His 
Lya 

Arg 

Cya e 

Asp 

Thr 

Ser 

Glu 

Pro 
Gly 

Ala 

Va l 

Met 

Ile 

Leu 

tiiyr 

Phe 

Trp 

24 h 48 h 72h per MW 23 , 500d 

1 . 4  1 .  5 1 .  3 1 . 4  
6. 4 6 . 2  6 . 5 6 . 3  
5. 0 5· 1 5. 0 5. 1 

6 . 7 6. 4 6. 5 6 . 6 
29. 1 29 . 4 28. 5 28. 7 
1 7. 4 1 6 . 9 1 6 . 5 1 7. 8b 

1 1 . 6  1 1 . 0  10. 2 12 . 4b 

20. 3 1 9 . 8 20. 6 20. 4 
6 . 8 7 . 0 6 . 5 6 . 9 

27. 5 27. 4 28. 1 27 . 6  
1 7. 5 17 . 4 1 7 . 7 1 7 . 7c 

1 6 . 1 1 6 . 5 1 6 . 7  1 6. 7c 

2 . 1 2 . 1 1 . 9  2 . 1 
1 6 . 6 1 6 . 5 1 6 . 9 1 6. 9c 

7 . 4 7 . 3  7 · 7 7 . 7c 

14 . 4 14 . 5 1 4. 0 1 4 . 3  
5· 6 4 . 9 5. 2 5· 3 

.. - 5. 8r 

a The values tor t he 24 , 48 and 72 h hydrolyaates were 

each a n  average of t hr e e  amino acid analyses. 
b 

c 

d 

e 

Result s  extra pol a t ed to zero t ime . 

Result t aken a s  value at 72 h.  

Approximat e mol ecular w eight for ac t inidin based on 

sequenc e  d a t a .  

Cyst eine and cys t ine det ermined together as Cyso3u. 
f Trypt ophan was d et ermined c ol orimetrically by the 

·' 

method of Sc o!fone et al . ( 1 968 ) , from a n  average of 

three estimations . 
g A statistical a nalysis of t h e  data was not carried out 

as the data were c onfiraed by sequenc e information. 
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Section 3. 3 ·  Purification of  the  tryptic pept ides o! actinidin : 

A tryptic d igest of S -carboxy l 1 4c2 J methyl actinidin ( 1 0 �ol )a 

was sub j ected t o  gel chromat ography in  two separat e 5 �mol 
fractions on two Pharmacia K-26 columns of Sephadex G-50 linked 
together in series ( Fig. 3 . �. ) .  

An electrophoresis scan at pH 6 . 5  of aliquots  from each 
fraction tube from the Sephadex G-50 column showed that 
peaks V, VI  and VII contained elec trophoretically mobile peptid es .  
These three  peaks were pooled separat ely , lyophilized , a nd  the 
peptides were purified by paper electrophoresis . Fract ion V was 
later shown t o  contain peptide  T2 , fraction VI t o  contain 
peptides T5 and T9 , and fraction V I I  to contain peptides T 1 , T1 0  
and T 1 2  ( Fig. 3 . 3. ) for which t he sequenc es were determined . 
T represent s tryptic peptide and the number refers to t he order 
of alignment in the primary sequence  of act inidin. 

Fractions I ,  I I , I I I  and IV were pooled separately and further 
purified on DEAE-cellulose .  Fract ion I was lat er shown t o  
contain pept ide T6 , fraction I I  to  c ontain pept ide T7 , frac tion 
I II to c ontain pept ide T8 , and fraction IV to contain peptides 
T3 and T 1 1 . The composite elution profile for t hese peptides from 
DEAE-cellulose is given in Fig. 3 . � • •  Peptide T4 could not be 
located in either the Sephad ex G-50 or the DEAE-cellulose column 
tractions and t h e  way in which t his peptide was obtained is 
detailed in Section 3 . 4 . 4 • •  

The purified peptides  from fract ions I ,  II , I I I  and IV were 
digested with other enzymes to produc e smaller peptides  which 
were purified by paper electrophoresis a nd chromat ography . These 
small pept ides were sequenced and aligned to enable the 
r ec onstruc t ion of eac h tryptic pept ide.  

8 10  � ol actinidin of specific act ivity 8 . 4  x 1 0
6 d pm/�mol . 

( 1 . 2  x 1 0
6 d pm/�ol of  cyst eine ) 



Fi.g. 3 . 2 .  Sephad ex G-50 c hromat ography or t he trypt ic 
pept ides of carboxymethyl act inid in. 

1 4  A tryptic digest of s-carboxy [  c2 1 met hyl act inidin ( 1 0  �ol ) was 

subj ect ed to gel filtrat ion on two Sephad ex G-50 ( 1 0  t o  40 � particle size ) 
c olumns c onnected in series { each 95 cm long) c o ntained in Pharmae ia K-26 

x 100 em chromat ographic t ubes. The digest was chromat ographed as two e qual 
sampl es a nd  t he material s e para t ed 1nt o seven trac tions ( I t o VII ) .  The 
peptid e material was elut ed from t he c olumn with 0. 2M-ammonium bicarbona t e  

-1 1 4  
a t  a n  asc ending !l ow rat e of 2 0 ml . h • The C rad ioact ivity was 
det ermined in each fract ion a nd e xpressed as . d pm.  Fractions I ,  I I , I I I  and 
IV were pooled separat ely and rechromat ographed on DEAE-c ellulos e ( Fig. 3 . �. ) .  
Frac tions V ,  VI and VII c ontained peptid e s  that c ould b e  purified by paper 

t echnique s  ( Fig. 3 . 3 . ) .  

� 
-I> 
• 





Fig. 3 . 3 .  C omposit e peptide maps of the elec trophoret ically 
mobil e trypt ic peptid es of carboxymethyl ac t inidin. 

The tryptic peptides in fractions V, VI a nd VII from the 
Sephadex G-50 elution profil e ( Fig. 3 . 2 . ) were sufficiently 
small t o  enable purification by paper techniques . Fract ion V was 
shown to contain peptide T2 , fract ion VI t o  c ontain peptid es T5 
and T9 , and fract ion VII to contain peptides T 1 , T1 0 and T12 , 
which are shown in the peptide  maps . Pept ide mobility for 
elec trophoresis at pH 6 . 5 was measured relative to aspartic acid .  
Peptid e  mobility for electrophoresis at pH 2 . 1 ,  and for 
chromatography in the BAWP solvent was measured relative to 
DNS -Arg. Separate peptide maps were stained for tyrosine , 
trypt ophan and arginine. Rad ioautograph& of t he peptid e  maps were 
prepared to check for radioactive peptides. 
For el ectrophoresis , ( + )  indicat es anode and ( - ) indicates 
cathode .  
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Fig. 3 . 4 . C omposite DEAE-cellulose chromatography of the 
tryptic peptides of carboxyme,t.hyl actinidin. 

Fractions I ,  II , Ill and IV from the S ephadex G-50 column elution profile 
(Fig. 3 .2 . ) were pool�d separat ely and furt her purified on a DE-32 c ellulose 
column ( 95 cm long) contained in a Pharmacia K-26 x 1 00 cm chromatographic 
tube. The c olumn was equil ibrat ed with Tris-HCl bu ffer ( 0. 05M-Tris, pH 8 . 0, 

-1  c ontaining 0. 025M-NaC1 ) and pumped at ascending flow rat.e of 25 ml . h  • Each 
peptide fraction sample ( I , II , I II  and IV ) was washed into the column with 
Tris-HCl buffer ( 0. 05M-Tris, pH 8. 0 , 0. 025M-NaCl ) and the peptid e  mat erial 
was elut ed from the c olumn with a c ont inuous NaCl gradient syst em c ontaining 
Tris-HCl buffer ( 0. 05M-Tris, pH 8 . 0 ) and the following conc entr�tions of NaCl : 

Gradient 1 :  550 ml 0. 025M-NaC l  X 550 ml 0. 2M-NaCl. 
Gradient 2 :  350 ml 0. 2M-NaCl X 350 ml 0. 5M-NaCl .  

Fraction I was shown to c ontain peptide T6 , fraction I I  t o  c ontain peptid e 
T7, fraction III  to c ontain peptide T8 and fract ion IV t o  c ontain peptides T3 
and T 1 1 • The 1 4c radioactivity was d et ermined in each fraction and expres sed 
as dpm. The numbering of the fractions ( I  t o  IV ) is t he ord er in which they 
elut ed from the Sephadex G-50 column (Fig. 3 . 2 .  ) . 

� 
\Jl • 
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Section 3 . 4 .  The sequences of  the  tryptic peptides :  

The result s of the determinat ion of the amino acid sequenc e 
of  each tryptic peptid e  are tabulat ed in the following sections 
( 3 . 4 . 1 .  to 3 . 4 . 1 2 . ) ,  in the order t hat t hey were aligned t o  
reconstruct t h e  primary amino ac id sequence  o f  actinidin ( peptides 
T1 t o  T12 ) "'  

The c ourse o f  purification o f  each peptide is detailed and the  
data tabulated where possible .  The  mobility of  each pept ide  for 
electrophoresis at pH 6. 5  was measured relative to aspartic acid .  
For electrophoresis a t  pH 2 . 1 ,  a nd for chromatography i n  the 
BAWP solvent , the mobility of eac h  peptid e  was measured relative  
t o  DNS-Arg. 

The colour of each peptide  when stained with ninhydrin , as  
det ermined from stained peptide maps or marker strips , is  
tabulated as : 

R = red , 0 � orange , Y = yellow .  
Observation of the colour of  each peptide  when stained with 
ninhydrin provided useful information,  as a yellow N-terminal 
gave an indication of either a glyc ine , serine , threonine , 
asparagine or CM-cyst eine N-terminal amino acid in the pept ide .  
Serine , threonine and CM-cysteirle o ften change colour t o  orange 
with time .  The N-terminal amino acid of each  peptide  was contirmed 
by takins a aampl e ot the pept ide tor danaylat ion. Tht amino ac id 
composition and t he yield of each pept ide  wae determined and is 
tabulat ed showing the number of residues of each amino acid that 
are present in the peptide .  

All paper electrophoretogram& and chromatograms were checked 
for fluoresc enc e  under 366 nm wavelength UV light prior t o  
staining marker strips with ninhydrin. Each peptide is recorded 
aa either containing ( + )  or not containing fluorescenc e .  
Fluorescenc e  in a peptide  indicat ed that aro�atic residues 
( in particular tryptophan) were likely to be present . The specific 
radioac tivity (dpm 14c; �ol } of each pept ide was det ermined to  

14 give an indicat ion ot the number of  S•carboxy[ c2 Jmet hyl cysteine 
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residues present in the pept ide .  Pept ide  maps were stained for 
tyrosine , tryptophan and arginine , and the results are recorded 
as t he peptide either containing ( + )  or not containing ( - ) o ne of 
t hese residues . 

Det ermination of the sequence of a peptide directly by t he 
dansyl-Edman method is indicated by the symbol ( ) und er the 

� amino acid sequence  of each peptide .  
For large peptides , a rapid Edman d egradation of each peptide was 
carried out , a nd the extent of this degradation is also indicat ed 
by t he symbol ( ) . 

� 
The Offord ( 1 966 ) mobility proc edure wa s used to  det ermine 

the amide residues in each  peptide .  Where it was not possible 
to d et ermifle the amid e residues in a pept ide from the peptid e 
net charge , the pept ide was sequent ially degraded by the Edman 
method , and the pept id e elec trophoretic mobility was det ermined 
aft er the removal of each residue. The results are expressed 
dia gramatically ,  showing at which residue a charge change 
occurred in the peptide during degradation. 

Peptides obtained from t he enzyme digests are named in the 
following manner : 
T a trypsin • ChT c chymotrypsin, Th = thermolysin , P = pepsin 
and GE = s. aureus VB prot ease digest peptide. 
The letters a ,  b a nd  N indicate whether the peptid e ,  at pH 6 . 5 ,  

is acidic , basic or neutral respectively. 

The methods used to  obtain the results  are discussed in 
Chapt er 4 . 



Peptid e T
1

: 

Pept id e  T1 was isolat ed from frac t ion VII of  the Sephad ex G-50 

c olumn elution profile ( Fig. 3 . 2 . ) .  Peptid e  T
1 

was purified by 

paper e l ectrophoresis ( Fig. 3 . 3 . ) .  The p�ptid e purific at ion da ta 

and amino acid c omposition of pept id e  T1 are give n  in 
Table 3 . 3  • •  

Tabl e 3 . 3. Pept ide isolat ion data a nd amino ac id c omposition 

ot pept id e  T
1

• 

Pept id e 

Mobility : 
pH 6 . 5  

pH 2 . 1 

BAWP 

Ninhydrin colour 

N-terminal 

Fluoresc e nce 
1 4c ( dpm/}Uilol ) 

Yield ( �mol ) 

s tained for : 
Tyr 

Trp 

Arg 

o. 6o 
0. 86 
R 

Leu 

+ 

6. 0 

+ 

+ 

+ 

Amino ac id c omposition 

Amino acid 

His 
Lys 
Arg 

CMCys 
Asp 
Thr 
Ser 
Glu 
Pro 
Gly 
Ala 
Val 
Met 
Ile 
Leu 
Tyr 
Phe 

No. ot residues 

1 .  0 

o. g 
1 . 0  

0. 9 

1 .  0 
1 .  0 

Peptide T
1 

was s equenc ed by the  dansyl -Ed�Rn method to give 

the �equenct : 

The absenc e  of emide residues from peptid e T 1 waa confirmed 

by the ortord ( 1 966 ) mobil ity proc edure.  
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Peptid e T2 : 

Peptid e  T2 was isolat �d from frac tion V of the  S e phadex G-50 

c olumn elution profile ( Fig. 3 .2 . ) .  Peptid e  T2 was purified by 

paper elec trophoresis ( Fig. 3. 3 . ) .  The peptid e purifica t ion data 

a nd amino a c id composition for peptid e  T2 are given in Table 3 . 4 • •  

Tabl e 3 . 4. Peptide isolat ion data and amine acid c omposition 

of  pept id e T2 • 

Pept id e T2 Amino acid c omposition 

Mobility : Amino acid No. of  residues 
pH 6 . 5  His 
pH 2 . 1 0 . 73 Lys 1 .  0 

BAWP 0 . 58 Arg 

Ninhydr in c olour Y/0 CMCys } 1 . o  Asp 
N-terminal S er Thr 

Fluoresce nc e  S er 0. 8 1 4  Glu 
C (dpm/}.Uilol ) Pro 

Yield ( }Uilol ) 5. 0 Gly 1 .  0 
Ala 2 . 0  

S t a ined tor : Val 1 .  8 

Tyr Met 
Il e 1 .  0 

Trp Leu 

Arg 
Tyr 
Phe 

Peptid e T2 was sequenc ed by the dansyl-Edman met hod t o  give 

the sequenc e :  

The absenc e o f  amide residues from �peptid e  T2 was c onfirmed 
,. 

by the Offord ( 1 966 ) mobility proc 6aure.  



Peptid e T3 from frac tion IV of the Sephadex G-50 c ol umn 

elution profile ( Fig. 3 . 2 . ) was rechromatographed on DEAE 

c ellulose to separate pept id e T3 from pept ides T1 1  and Ta t hat 

were present i n  t his fraction. The second peak o f  t he trac t ion 

IV mat erial eluting from the DEAE-c ellulose column c onta ined 

peptid e T3 and was pooled ( Fig. 3 . 4 . ) .  The amino acid 

c ompos it ion o f  peptide T3 is given in Table 3. 5. , and the 

N-t erainal was det ermined as serine. The yield of the peptid e  

was 7 �ol . The specific rad ioact ivity o f  peptid e T3 ( 2 . 5 x 1 06 

dpm/�ol ) indicated two cysteine residues were present in the 

pept id e .  

Tabl e 3 . 5. Amino acid c omposition of peptide T3 • 

Amino a c id Bo . of residues 

His 
Lys 1 .  0 
Arg 

CMCys } 2 . 9  
A sp 
Thr 1 . 0  
S er 1 . 8 
Glu 3 . 0 
Pro 
Gl1 3 . 9 
Ala 3 . 4 
Val 1 . 0  
Met 
I l e  2 . 0 
Leu 
Tyr 
Pht 0. 9 

A rapid Edman degradation of pept ide T3 provided t h e  

following N-t erminal sequenc e :  

N-t erminal Residue 2 Residue 3 
S er Glx Gly 

Chymotryptic d igestion of peEtid e T3 : 

Pept id e  T3 ( 2  �ol ) was d ige s t ed wit h  chymotrypsin and 

51 . 



1 00 nmol was used t o  map the c hymotrypt ic peptides ( Fig.  3. 5 . ) . 

The chymotryptic peptid es were purified from the remaind er o f  

52 . 

t he digest ( 1 . 9  �ol ) by paper elec trophoresis. The peptid e  

purifica tion data a nd t he amino acid c ompositions o f  the  pept id es 

are give n  in Table 3 . 6 • •  

Tabl e 3 . 6. Peptid e  isolation d a t a  and amino acid c ompositions of 

the chymotrypsin digest peptid e s  of peptid e T3 • 

Pept id e 

Mobility : 
pH 6. 5  

pH 2 . 1 

BAWP 

Ninhydrin c olour 

N-t erminal 

Fluoresc e nc e  
1 4c (dpm/�ol ) 

Yield ( nmol ) 

Stained f or : 
Tyr 

Trp 

Arg 

C hTa 

-0. 72 

0 . 29 

Y/0 

S er 

+ 

2 . 6 X 1 0
6 

700 

+ 

Amino acid c omposit ion : 

Amino acid .  Residues . 

Hie 

0. 58 

0. 60 

Y/0 

S er 

300 

Lye 1 . 0  
Arg 

CMCye 
Asp 
Thr 
S er 
Glu 
Pro 
Gly 
Ala 
Val 
Met 
Ile 
Leu 
Tyr 
Phe 

2 . 0  

0 . 70 

0. 46 

R 

Ala 

400 

1 .  0 
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Ther olysin d ige st ion of pept ide T3 : 

Peptide T3 ( 2  �ol ) was d igest ed wit h t hermolys in and t h e  

pept id e s  were mapped ( Fig. 3 .6 . )  and purified by paper 

elec trophoresis ( Table 3 . 7. ) .  

Table 3 . 7. Peptid e isolation data and amino acid c ompositi�ns o f  

t h e  t hermolysin d igest peptides from peptid e T3• 

Peptid e 

Mobil ity : 
pH 6 . 5 

pH 3 . 5 

pH 2 . 1 

-0. 60 

BAWP 0. 47 

Ninhydrin c olour R 

N-t erminal Val 

Fluoresc enc e  
1 4c ( dpm/}UIIol ) 

Yield ( nmol ) 730 

St6.ined for : 
Tyr 

Trp 

Arg 

Amino acid composition : 

Amino acid .  Residue s .  

His 
Lys 
Arg 

CMCye 
Asp 
Thr 
Ser 
Glu 
Pro 
Gly 
Ala 
Val 
Met 
I le 
Leu 
:ryr 
Phe 

} -
1 . 0  

1 . 0  

-0. 70 

+0. 1 4  

0. 57 

Y/0 

Ser 

+ 
6 2 . 4x1 0 

300 

+ 

0. 8 
2 . 0 

0. 60 

0. 71  

R 

I le 

550 

1 .  0 

1 . 1  

0. 67 

0. 76 

R 

Phe 

250 

1 .  0 

1 . 0  

Thb 

+0. 55 

0 . 36 

R 

I le 

800 

1 . 1  

1 .  0 

1 . 0  

.. 
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The amino ac id c omposit ions of  t h e  thermolysin pept id es are 

give n  in Tabl e 3 . 7 • •  The peptid es from the c hymotrypsin and 

t hermolysin d igests ot p eptid e  T3 were sequenced and aligned to 

reconstruc t t he sequenc e  o f  peptid e T3 ( Fig. 3 . 7 . ) .  

S er -Gln-Gl,-Glu-cMCys-Gly -Gly-CMCys-Trp-Ala-Phe -S er-Ala-
/ /  ------- C hTa 1 - C hTN2- I  ------------ Tha2 1 -- ThN2- I 

Ile-Ala-Thr-Val-Glu-Gly-Ile-Asn-Lys 

C hT N1 
1 - ThN - 1 - Tha - 1 - Thb - l 1 1 

F ig. 3 . 7 . Reconstruct ion ot pept id e  T3 trom chymotrypsin 

and thermolysin d iges t  peptid es.  

Amide and acid residues in pept id e  T3 w ere c o nfirmed by the 

O!!ord ( 1 966 ) mobility proced ure.  Pept ide ChTa was sub j e c t ed t o  

a sequential Edman d egradation and the electrophoretic mobility 

wae d eterained a!t er eac h  Edman c ycl e .  The result s  ( plotted in 

Fig. 3 . 8 . ) ehow that the s econd residue in pept ide C hTa is 

glutamine and the fourth residue is glutamic acid .  

56. 
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Fig. 3 .8 .  Det ermination o f  the amide and acid residues in 

peptid e  T3C hTa by the Offord mobil ity procedur e .  

T h e  mobil ity and molecular weight of pept id e  C hTa i nd icat ed 

that the net c harge on the peptide a t  pH 6 . 5 was -3 , as 

det ermined by the Offord mobility procedur e , which showed o ne 

amid e resid u e  was present in t he peptid e .  To d et ermine the  

amid e residue , pept id e C hTa wa s sub j ected t o  a sequent ial Edman 

d e gradation and samples of the pept id e  after each Edman cycle 

were r emoved f or the det ermina tion of the electrophoretic 

mobility by paper el ec trophoresis at pH 6 . 5 .  The molecular weight 

and mobility of the peptid e  after ee c h  Edma n cycle was plot ted 

on an Offord mobility diagram. The point during the Edman 

d egradation at which a c harged residue ia removed is indicat ed 

by a c harge change in the d iagram. The resul t s  show the  second 

r esidue in peptid e  C hTa is glutamine as there is no charge 

c hange a ft er removal of this resid u e  from the peptid e .  The 

fourth residue is glu tamic acid as t here is a charge c hange 
from -3 to ·2 on removal ot t his residue from the pept id e . 

e is t h e  aet charge on t he pept id e  a t  pH 6 . 5. 
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Peptide T4 was t he only trypt ic peptid e that could not b e  
1 4  isolated from the t ryptic digest o f  s -carboxyl c2 J me t hyl 

actinidin. C omparison of t he amino acid c omposition of a c tinid in 

with the sequ e nc e s  of t he el even t rypt ic peptides isola t ed , 

i ndic ated t ha t  pept id e T4 should c o nt ain in the peptid e s eque nc e  

1 cyst eine and 1 arginine , but no aromatic residues ( no tyrosine , 

phenylalanine or trypt ophan ) .  Tenta tiv e  alignment of t he 

s eque nc es of  t h e  eleven t ryptic pept ides  t o  rec onst ruc t t h e  

s equenc e  of  act inidin , using information from t h e  X-ray 

c rys tallographic t hree d imensional struc t ure of actinidin , 

indicated peptide T4 waa l ocat ed b etween peptid e s  T3 and T5 
[ peptid e  T3 was shown t o  c ontain t h e  ac t ive sit e cyst eine residue 

( S ection 3 . 6 . , page 1 03 ) ] .  

To obtain the amino ac id seque nc e  of  peptid e  T4 , 
1 4 1 4  s -c arboxy [ c2 1 methyl actinidin ( labelled with C o nly a t  t he 

ac t ive site cyst eine ) was maleylat ed and then d iges t ed with 

t rypsin. The tryptic pept id es from t he mal eylat ed carb oxymethyl 

actinidin were separat ed on a Sephadex G-?5 Pharmacia K-26 

c oluan ( Fig. 3 . 9. ) .  

Two of the fractions ( A  e nd B )  froa the S ephad ex G-?5 column 

elution profile were radioactive.  The radioactive pept id e in 

trac tion B wae found to have the same sequence as pept id e T3 , 

indicating that the mal eylat ion o f  carboxymethyl ac t inidin had 

b e en inooapl e t e .  One hal t of fract ion A material wa s d igest ed 
with chymotrypsin. One t enth of t h e  c hymotryptic digest was 

sub j ec t ed to elec trophore sis at pH 6. 5 as a 4 cm wide band .  

The elec trophoretogram was exposed t o  the vapour o f  pH 3 . 5 buffer 

t o  d eaaleylat e the lysine containing peptid es on the paper. 

A 2 cm strip was t hen sub j ec t ed t o  electrophoresis at  pH 6 . 5 in 

the second d imension to produce a mal eyl d iagonal peptid e map .  

A second map was prepared and stained for arginine . 

The diagonal map ( Fig. } . 1 0. ) s howed t hat the only spot 

staining tor arginine ( C hTA ) was l ocated on the diagonal . 
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Two ninhydr�n spots (ChTM1 and _ChTM2 ) appeared oft o t  t he 

diago nal . Both peptid e  ChTM1 a nd ChTM2 stained yellow-ore nge with 

ninhydrin on paper , and did not migr�t e  a s  confined bend s .  

Using in!.ormation from t h e  mal eyl diagona l , the t hree pept ide a 

( C hTA , C hTM1 and C hTM2 ) were puri!itd by prepara t ive 

el ec t r ophoresis at PR 6. 5. The peptide isolat ion data a nd amino 

acid c omposit ions ot peptides  C hTA , C hTM1 and ChTM2 are given in 

Table 3 . 8 • •  

-
e ... 

, 
u 

;:t 
> 
... ... 
> ... ... 
u 
"" 
0 
0 
<C 
� 



1 . 0  

0 . 5  

0 
+ 

...L-..---L---'-f\-Q_...._ _ __._ 1 . 0  0 . 5  '-!..../ 0 . 5  1 . 0  

0. 5 -

� ChT M 2  � o �=� �::·o((b 
1 . 0  + 

6 1 . 

Fig. 3 . 1 0. Maleyl d iagonal peptid e  map a t  pH 6 . 5 of  a 

chymotrypsin digest of the maleyl tryptic peptid e  

containing peptid e  T4• 

One t enth o f  the chymotryp�in dig�gt mat erial of 

fra c tion A from t he Sephad ex G-75 elut ion pro file 

( Fig. 3. 9. ) wa s sub jected t o  electrophoreeis a t  pH 6. 5 

a s  a 4 cm ba nd and was exposed t o  the vapour o f  

pyridinium ac e t a t e  buf fer ( 1  % pyrid ine , 5 % glacial 

ac e t ic acid , pH 3 . 5 )  at 60°C overnight to remove the 

mal eyl groups from the pept ides on paper. A 2 em strip 

was then sub j ec t ed t o  elec trophoresis at pH 6 . 5 in the 

eec ond dimension t o  produce the mal eyl diagonal map.  

Removal of a mal eyl group from a peptid e  result s  in � 

charge change o f  +2 . Therefore aft er d emaleylat ion , 

peptid es lying oft the d iagonal towards the cathod e 

c ontain lysine . 

Peptid e  mobilit ies at pH 6 . 5 were measured relat ive 

t o  aspart ic ac id . 



Tabl e 3 .  8 . Pept id e  isolat ion data and amino acid c ompositions 

o f  the c hymotrypsin d igest peptides from the 

maleyl tryptic peptid e  c ontaining p.ept id e  T4 • 

Pept id e 

Mobility : 
pH 6 . 5 

b e for e  d emal eylation 

aft er d emal eylation 

pH 2 . 1 

Ninhydrin c olour 

N-t erminal 

Flu oresc e nce 
1 4c ( dpm/�mol ) 

Yield ( nmol ) 

S tained for : 
Tyr 

Trp 

Arg 

Amino acid c omposit ion : 

Amino acid .  Residues .  

His 
Ly e 
Arg 

CMCys 
Asp 
Thr 
S er 
Glu 
Pro 
Gly 
Ala 
Val 
Met 
Ile 
Leu 
Tyr 
Phe 

ChTA 

-0. 60 

-0. 60 

R 

Ile 

Boo 

+ 

1 .  0 

neutral 

0. 48 

Y/0 

S er 

400 

1 .  0 

1 . 0 

1 .  9 
2 . 6 
1 .  0 

2 . 1 
2 . 0  
1 . 1  

-0. 75 

-0. 44 

Y/0 

S er 

6 0. 9x1 0 

350 

+ 

1 . 0 

4 . 2  
2 . 3  
2 . 0  

1 .  0 

62 . 



One third of peptid e  ChTA mat erial was sequenc ed d irec tly by 

the dansyl -Edman method . The r emaind er o f  peptid e  C hTA was 

d iges t ed wit h  s .  aureus v8 prot ease a nd the peptid e s  were 

purified by paper electrophore sis . The peptid e  isolat ion d a ta 

and amino ac id c ompositions of these peptides are given in 

Table 3 . 9 • • The peptides obtained from the digestion were 

sequenc ed , and from this informa t ion , t h e  sequenc e of peptid e 

ChTA was rec onstruc ted : 

Il e-Ser-Leu-S er-:, 1 u -Gln-Gl u -Leu-Ile-As,-CMCyj-Gl�·Ar' 
1 1 1 1 - 7 1 1 1 1  

Pept id e  C hTM1 was sequenc ed d irec tly by t he dansyl -Edman 

method which provided the f ollowing s equenc e : 

file first el eve n  reaidues in this pept id e  c orrespond ed t o  t he 

c-terminal sequenc e  of  t he trypt ic peptide T3• 

The amino a c id composit ion , spec ific radioact ivity and 

N-t erminal of pept ide C hTM2 indic a t ed t hat this peptid e  cont ained 

the s equence of tryptic pept id e  T2 a nd the N-t erminal sequenc e  

o f  pept id e  T3 • Peptide ChTM2 was not sequenc ed .  

The remaining hal f o t  the fraction A mat erial from the 

S ephad ex G-75 elution profil e was d igested with s .  aureus v8 

pro t ease.  Samples of the d igest sub j ec t ed to electrophoresis 

at p H  6. 5 and to BAWP chromat ography showed tha t a nonradioac tive 

pept ide which stained yellow with ninhydrin remained at t h e  

origin ( peptid e  GE/Y ) .  Demal eylation of  the remainder of  the  

digeat in solut ion result ed in precipitation of s ome o f  the 

mat erial . The precipitat e c ontained all of the peptid e GE/Y 

mat erial , a nd from the amino acid c omposition ( Tabl e 3 . 1 0. ) and 

t ht N-t erminal ( glycine ) ,  the  pept id e  was sufficiently pure t o  

s equenc e. 
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The peptide isolatio n  data a nd amino ac id 

c ompositions of the  s .  aureus v8 prot ease d igest 

peptid es of pept ide � hTA t hat was obtained by 

chymotrypsin dige st ion of  the  maleyl trypt ic pept id e 

containing pept id e T4• 

Pept ide 

Mobility : 
pH 6. 5  

Ninhydrin colour 

N-t erminal 

Fluoresc e nc e  
1 4c (dpm/�ol ) 

Yield ( nmol ) 

Stained for : 
Tyr 

Trp 

Arg 

Amino ac id compositio n :  

Amino acid . 

His 
Lys 
Arg 

CMCys 
Asp 
Thr 
Ser 
Glu 
Pro 
Gly 
Ala 
Val 
Il e 
Leu 
Tyr 
Phe 

Res idues. 

-0. 33 

R 

Leu 

1 . 0x1 0
6 

2 00 

+ 

1 .  0 

1 .  1 

-0. 46 

R 

I l e  

1 20 

1 . 9  
1 .  0 

1 . 1  
1 .  0 

-0. 55 

R 

Glx 

0. 9x1 0
6 

1 00 

+ 

1 . 0 

2. 0 

1 .  0 

1 .  0 
0. 9 

-0. 65 

R 

I l e  

1 70 

1 .  0 
1 .  0 



Table 3 . 1 0 .  Amino acid composit ion of  pept ide GE/Y obtained 

by s. aureus v8 prot aase digest ion of t he maleyl 

tryptic pept id e  c o nt aining pept id e T4• 

Amino acid No. of residues 

His 
Ly s  
Arg 

CMCys 
Asp 
Thr 
S er 
Glu 
Pro 
Gly 
Ala 
Val 
Met 
Ile 
Leu 
Ty� 
Phe 

1 .  0 

2 . 1 

2 . 9  
2 . 0  

Peptid e  GE/Y was sequenc ed d irectly by the dansyl- Edma n 

method to  provid e the following s equenc e :  

Peptid es ChTA , C hTM1 , C hTM2 a nd GE/Y were aligned with 

tryptic peptid es T2 and T3 to r ec onstruc t the sequenc e of t h e  

maleyl tryptic pept ide obtained from fraction A of  t h e  

Sephadex G-75 elution profil e t o  provid e t he sequenc e o f  t rypt ic 

pept ide T4 ( Fig. 3 . 1 1 . ) .  
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S er -Ala -Gly-Ala-Val -Val -Asp-Ile -Lys-S er-Gln-Gly-Glu-CMCys-Gly-

-------- T2 

-------

------- T3 ----

------------------ C hTM2--
-------------------

Gly-GMCys-Trp-Ala-Phe-S er-Ala-Il e -Ala-Thr-Val-Glu-Gly-Ile-Asn-

----------------------- T3 
-----------------------

--------- C hTM1 ---------

Lys-Ile-Thr-Ser-Gly-S er-L eu-Ile -S er-Leu-S er-Glu-Gl n-Glu-Leu-

- 1---------------- T4 -----------

-------- C hTM1 �----- ------------- OhTA -------

------------- GE/Y-------------------�----�- I 
---- GEa2 ----

------- GEa4 ---- 1 --

Il e-Asp-CMCys-Gly-Arg 

T'+ 

---- C hTA ---

Fig. 3 . 1 1 .  Rec ons truction o f  the mal eyl tryptic peptid e  

obtained from tract ion A o f'  t he S e phade x  G-75 

elution profile from c hymotrypsin and s .. A.ureus 

vB prot ease diges t  pept ides to provide the  

sequenc e of  pept id e T4• 
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Pept ide T5 was isolat ed from fra c t ion VI of  the Sephad ex G-50 

c olumn elution profil e ( Fig. 3 . 2 . ) .  Pept id e  T5 was purified by 

paper el ectrophoresis ( Fig. 3 . 3 . ) .  The pept ide purificat ion data  

a nd amino acid c omposit ion of pept id e T5 are  given in 

Tabl e 3 . 1 1  • •  

Tabl e 3 . 1 1 .  Pept ide isolat ion data and amino a c id composit ion 

of pept ide T 5• 

Pept id e 

Mobility : 
pH 6 . 5 

pH 2 . 1 

BAWP 

Ninhydrin col our 

N-t erminal 

Flu oresc anc e 
1 4c ( d pm/}Uilol ) 

Yield ( �mol ) 

S t a ined for : 
Tyr 

Trp 

Arg 

+0. 37 

0. 2 6  

Y/0 

Thr 

+ 

Amino ac id c omj'>osit ion 

Amino ac id 

His 
Lys 
Arg 

CMCys 
Asp 
Thr 
S er 
Glu 
Pro 
Gly 
Ala 
Val 
Met 
I le 
Leu 
Tyr 
Phe 

No . of  r esidue s  

1 . 1 

Peptide T5 was sequenc ed by the da nsyl-Edman met hod to  give 

the  sequence : 

The absenc e of ac id residues from pept ide T5 was confirmed 

by the Offord ( 1 966 ) mobility proc edure .  
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3 . 4. 6 . 

Pept id e  T6 from frac t ion I of the Sephad ex G-50 c olumn 

elut ion profile ( Fig. 3 . 2 . ) was rechromatographed on 

DEAE-celluloee. The purified peak elut ing from t he DE-32 c olumn 

was pool ed ( Fig. 3 . 4 . ) .  The amino acid c omposition was det ermined 

(Table 3 . 1 2 . ) and the  yield of t he pept id e was 7. 5 �mol . The 
6 spec ific radioact ivity ( 2 . 2  x 1 0  dpm/�mol ) of pept id e  T6 

ind ic a t ed t wo cysteine residues were present in t h e  peptid e .  

Table 3 . 1 2 . Amino ac id c omposit ion of peptide T6 . 

Amiflo ac id No. of residuee 

His 
Lye 1 .  0 
Arg 

CMCye } 1 2 . 4  
Asp 
Thr 2 . 8 
S er 
Glu 5 . 2  
Pro o. g 
Gly 6. 7 
Ab. 1 .  9 
Val 1 .  0 
Met 
Ile 3· 9  
Leu 1 . 2  
Tyr 3 · 0 
Phe 2 . 0  

A rapid Edman degrada tion ot pept id e T6 provided the following 

N-terminal sequenc e : 

Nt!!!t ermina.l 

Gly 

Residue 2 

CMCys 

Residue 3 

A ex 

C hymotrypsin d igestion of pept ide T6 : 

Pept id e T6 ( 2  �ol ) was d igested with chymotrypsin and 1 00 nmol 

wae used to map t he pept ide& ( Fig. 3 . 1 2 . ) .  From the remainder of the  

digest ( 1 . 9  �ol ) , t he peptid e e  we�e purifitd us ing elec trophoresis . 

The pept id e purificat ion data and t h e  amino a cid c ompositions o f  

t h e  peptidee are giv e n  in Tabl e 3. 1 3  • • 



Table 3 . 1 3 .  Pept ide isolation data and the amino ac id 

c ompositions of t he c hymotrypsin digest pept ides  

from pept id e  T6 • 

Pept ide 

Mobility : 
pH 6. ;. 
pH 3 . 5 
pH 2 . 1 

-0. 32 -0. 42 -0. 85  -0. 7 1 -0. 71 
+0. 38 -0. 1 9  -0. 37 

BAWP 0. 83 
Ninhydrin c olour R 

N-t erminal Ile 
Fluoresc e nc e 
1 4c (dpm/}Uilol ) 

Yield ( nmol ) 

S tained for : 
Tyr 

Trp 

Arg 

500 

Amino acid c omposit ion :  

Amino acid . Residue s .  

His 
Lys 
Arg 

CMCys 
Asp 
Thr 
S 6r 
Glu 
Pro 
Gly 
Ala 
Val 
Met 
Ile 
Leu 
TYr 
Phe 

1 .  0 

1 .  2 

.. 

.. 

1 .  0 

... 

1 . 0 

0. 89 
0. 77 0. 2 0  0. 35  0. 50 0. 65  0. 40 
R 0 Y Y R R 

Ile Thr Gly Gly Glx Glx 

600 

+ 

4 . 9 

1 .  0 

1 . 1 
1 . 0  
2 . 3 

2 . 0 

. 6 6 6 0. 9x 1 0  1 . 2x1 0 1 . 1 x 1 0  -
300 300 400 4 50 

+ 

1 . 0  . 1 . 0  

1 .  0 
1 .  0 

+ 

2 . 0  

1 . 0  

1 .  0 
1 .  0 

200 

1 .  0 

1 .  0 

-
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s .  aureus v8 prot e�a• digestion of pept id e  T6 : 

Pept id e  T6 ( 3  �ol ) was d igested with s .  �ureus v8 protease 
�nd t he peptid es were sub j ec t ed t o  gel filtr�tion on a Sephad ex 

G-25 Pharmac ia K-26 c olumn ( Fig. 3. 1 3 , ) .  All or t he material 

elut ed from the G-25 column as a singl.e broad peak. 

71 . 

0 . 5  1000 

A B S OR BANCE I 280 nm l 
RADIOAC T IV I T Y  114c dpm ) -t:. -t:. -

11.1 0. 2 5  u 
z 
<1: 
m 
"' 0 
l3 
<1: 

0 

0 100 

Fig .. 3 . 1 3 .  

0 

200 lOO 4 00 5 0 0 

E L UA T E  VOLUME I m l  l 

Sephad ex G-2 5 chromatography of peptides  obtained 

by digestion o f  pept ide T6 with s .  aureus vR 
protease.  

The G-2 5 peak was pooled and a sample (20  naol ) w�a sub j ec t ed 

t o  elec trophoresis at pH 6. 5 which produced a single bro�d 

radioactive y ellow-orenge b a nd of mobili ty -0. 54 . After 

elec trophoresis of another 2 0  nmol sampl e a t  pH 3 . 5 ,  a radioe c t ive 

yellow-ora nge band appeared with a mobility of +0. 1 and a 

radioac t ive yellow band rem�ined at the origin. The pH 3 . 5 

nonmobile pept ide ra n as a very broad band of mobility 0. 30 t o  

0. 57 i n  BAWP a nd t he pH 3. 5 s oluble band h�d a mobility o f  0. 3 7  

in BAWP. 
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The pool ed G-25 peak was lyophilized a nd dissolved in distilled 

water and t h e  pH was dropped t o  3 . 5 with d ilut e ac etic acid . The 

ac id precipitated mat erial was c entrifuged d own , the supernatant 

removed , a nd the precipitate resuspended in distilled wat er .  The 

two fract ions were lyophilized to remove the ac etic acid .  The 

acid soluble fract io n  gave a singl e  N-terminal asparagine and the 

ac id insoluble fract ion gave a single N-terminal glyc i ne .  The 

amino acid c omposit ions of the ac id solubl e ( GEa )  and acid 

insoluble ( GEb )  fractions were d e termined and are given in 

Tabl e 3 . 1 4 � • 

Table 3 . 1 4 .  Amino acid compositions o f  frac tions G Ea  and GEb 

obtained by s .  aureus v8 protease diges t ion o f  

pept id e  T6 • 

.Amino ac id No. o f  residues 

His 
Lye 
Arg 

CMCys 
Asp 
Thr 
S er 
alu 
Pro 
Gly 
Ala. 
Val 
Met 
llt 
Le\1 
Tyr 
Pht 

GEa 

1 .  0 

} 6 . 1  

0. 9 

2. . 9 
o. B 
1 . 1 
1 .  9 
0 . 9  

-

1 . 0  
2. . 0 

GEb 

2. . 0 

6 . 4  

.. 
-

-

1 . 0  
2. . 1 

Chymotrypsin digestion of pept ides GEa and GEb : 

Peptid e  GEa was digested with chymotrypain,which produced only 

t wo peptid e a ; GEaChTa and GEaC hTN. These peptides were purified by 
electrophoreaia and a equenc ed .  Peptid e  GEb was likewise d ige sted 

wit h chymot �ypain, which produc ed four pept ides ; GEbChTa1 , 
GEbChTa2 , GEbChTa3 and GEbChTN1 • These pept id es were purified by 

electrophortaia and tquenc ed . The pept ide data and amino ac id 

composit ions of  t hese pept ides are give n in Table 3 . 1 5. and Fig. 3 . 1 4 • •  
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Table 3 . 1 5 .  Peptid e  isolation d a t a  a nd amino ac id c omposit ions 

of  the chymotrypt ic pept ides from pept ide s  G Ea and 

GEb that were obt ained by s .  aureus VB prot ease  

d igestion of  pept id e T6 • 

GEa 

Pept id e  

Mobility : 
pH 6. 5  

ChTa C hTN 

-0. 66 

I ' I  2 . 1 O. 40 

BAWP 0 . 2 7  0. 76 

Ninhydrin colour 0 Y/0 

N-terminal Thr Asn 
Fluorescenc e  
1 4c (dpm/�mol ) 

Yield ( nmol ) 

S tained for : 

1 . 0x1 0
6 

-
600 650 

Tyr 

Trp 

Arg 

Amino acid c ompositio n :  

Amino ac id .  Residues .  
His .. 

Lye 1 . 0  
AI' I 
CMCys } · Asp 5. 0 
Thr 1 . 0  
S er 
Glu 3. 1 
Pro 
Gly 1 . 0  
Ala 1 . 8 
Val 0. 9 
Met 
Il e 
Leu 1 . 0  
Tyr 
Phe 

+ 

.. 

.. 

1 .  0 

2 . 0 

GEb 

-0. 33 -0. 62 -0. 70 

0 . 56 

o . Bo o. 65 o. 49 o . 64 

R R Y R 

Il e Ile Gly Glx 

400 

1 .  0 

6 1 . 2x1 0 -

500 450 500 

+ 

.. 

2 . 0 -

-

1 .  0 1 .  0 

2 . 2 

1 .  0 
1 . 0  

The pept id es from the chymotrypsin a nd s .  aureus v8 prot ease 

d igestions ot peptid e T6 were ae q u e nc ed and the T6 peptid e 
reconstruc t ed ( Fig. 3 . 1 5 . ) .  
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Gl;-cMCyj·As,-Gly-Gly-Tyr-Ile-Thr-Aep-Gly-Phe-Gln-Phe-Ile-Ile-

1 ChTa5 I ChTa 1 j -chTN.,- 1 -------------------- C hTa4 I --------------------------- GEb -----------------------------
GEbChTa3 -- GEbChTa 1�-- j ·GEbChTN11----

Asn-A sp-Gly-Gly-Ile-Asn-Thr-Asp-Glu-Asn-Tyr-Pro-Tyr-Thr-Ala -

------ GEb -----------,-------- GEa ----------------- GEbChTa2 ------- 1 - GEaChTN - I -----
Gl n-A sp-Gly-Asp-C MCys-Asp-Val -Ala-Leu-Gln-Asp-Gln-Lys 

----- C hTa3 --------- 1 -- ChTN2 -- I 

------------�--- GEa --------------------- GEaChTa 

Reconstruc t ion of pept id e T6 from c hymot rypsin 

and s. aureus v8 protease digest  peptides.  

Amide and acid residue& in pept ide T6 were confirmed by  t he 

Offord ( 1 966 ) mobility proc edur e .  Peptid e GEbChTa2 ( 300 nmol ) 

was d igest ed with thermol7-sin which produc ed two peptides 

( a 1 a nd a2 ) that contained t h e  tollo*ing sequenc e s ! 

peptid e  a 1 a Ile•Ile-Asx•Asx-Gly•Gly 
Il e·Asx-Thr-Asx-Glu 

Pept ide a  a 1 and a2 were sub j ec t ed t o  a s equential Edaan 

d egradation and the el ectrophoret ic mobility was d et erained after 

each Edaan cycle.  The result s  ( plotted in Fig. 3 . 1 6. ) show t ha t  

the l ocation o f  t he amid e residues are a s  follows : 

peptid e  a1 : 

peptid e  a2 : 

Ile-Ile-Asn-Asp-Gly-Gly 

Ile-Aan-Thr-Asp-Glu 
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Fig. 3 . 1 6. Det ermination o f  t h e  amid e and acid residues in 

peptid e  T6GEbChTa2 by the Offord mobility 

proc edure.  

The mobility a nd  mol ecular weight o f  pept ide GEbC hTa2 
indicated t ha t  the  net charge on the  peptid e at pH 6 . 5 was -3 , 

as determined by the Offord mobility proc edure , which showed 

two aaid e residues were pre se nt in the pept id e. To d et ermine 

the two amide r esidue s , peptid e  GEbChTa2 was digest ed with 

thermolysin which produc ed two pept id es ( a1 and a2 ) .  Pept id e a1 

had the sequenc e : Ile -Ile-Asx-Asx-Gly-Gly , and an 

elec trophoretic mobility at pH 6. 5 of -0. 40 which indicated 

that t he pept ide had a net charge of -1 . 

Peptid e a2 had t he sequenc e : Ile-Aax-Thr-Asx-Glu , and an 

electrophoretic mobility at pH 6. 5 of -0. 69 which indicat ed 

t hat the peptide bad a net c harge of •2 . 

Peptidee a 1 and a2 were subjected t o  a sequent ial Edman 

d esrad&tion and aaaplea of each pept id t after e80h Edman cycle  
were removed for the det ermination of the  electrophoret ic 

mobility by paper el ectrophore sis at pH 6 . 5. The molecular 

weight and mobility o f  each pept ide after each Edaan cycle was 

plot t ed on an Offord mobility diagram. The point during the 

Edman degradation at which a charged residue is removed is 

indicat ed in the diagram by a charge change . The results  show 

that t he location ot t he amide residue& in peptid ea a 1 and a2 
are as follows : 

pept id e  a 1 : Ile-Ilt•Asn-Asp-Gly-Gly 

pept id e  a2 : Ile-Asn-Thr-Asp-Glu 

There is no oharge change in either of the  peptide& during 

degradation until the removal of the fourt h  residue in both 

peptide&. 
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Pept id e T7 from fract ion I I  of t he Sephadex G-50 c olumn 

elut ion profil e ( Fig. 3 . 2 . ) was rec hromat ographed on D EAE 

c ellul os e .  The purified peak eluting from the DE-32 c olumn was 

pooled ( Fig. 3 . 4 . ) .  The amino acid c omposition was d et ermined 

(Table 3 . 1 6. ) a nd the yield o f  the peptid e was 6 �mol.  

Tabl e 3 . 1 6 .  Amino acid c omposit ion o f  peptide T7 . 

Amino ac id No. o f  residues 

Hie 
Lye 1 . 0  
Arg 

CMCys } 6 . 1 Asp 
Thr 3 . 8 
S er 1 . 0  
Glu 4 . 2  
Pro 1 . 9  
Gly 1 . 1  
Ala 5 · 9 
Val 4 . 8 
Met 
Ile 1 . 0  
Leu 2 . 0  
Tyr 4 . 0 
Phe 1 .  0 

A rapi4 Edaan degradat ion of pept id e r7 provid ed the 

following N•t erminal sequenc e : 
N-terminal Residue 2 Residue 3 Residue 4 Residue 5 

Val Thr Il e A ex 

Chymot rypsin d�ges t ion of peEt id e  T7 : 

Peptid e  T7 ( 2  �ol ) was d ige sted with chymotrypsin and 
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1 00 nmol •as used to aap t h e  chymotryptic pept id ee ( Fig. 3 . 1 7. ) .  

The c b1motry pt ic peptides  were purified from the remaind er of 

t he d igest ( 1 . 9  �ol ) b y  electrophore sis. The peptid e  

purificat ion d ata and the amino acid c ompositions of t h e  peptidea 

are given in Table 3 . 1 7  • •  



Table 3 . 1 7 .  Pept ide isolation data and amino acid 

compositions of t he chymotrypsin digest peptid es 

from pept id e  T7• 

C hTa 1 Pept id e 

Mobility : 
pH 6. 5 -0. 35 -0. 3 5 
pH 2 . 1 

BAWP 0. 39  

Ninhydrin colour R 

N-terminal Asp 
Fluoresc enc e  
1 4c (dpm/}Uilol ) 

Yield ( nmol ) 

S tained for : 
Tyr 

Trp 

Arg 

750 

Amino acid c omposit19� : 

Amino acid . 

Hie 
Lye 
Arg 

CMCys 
Asp 
Thr 
s er 
Glu 
Pro 
Gly 
Ala 
Val 
Met 
Ile 
Leu 
Tyr 
Phe 

Reeid ues . 

1 . 0  

.... 

-

1 .  0 

0. 5? 

R 

Tyr 

1 000 

+ 

1 .  1 
1 . 8 

1 .  0 

1 .  0 

2 . 2  

-0. 42 

0. 43 

y 
Asn 

+ 

1 1 00 

+ 

.. 

2 . 0  
.. 

1 .  0 

-

-0. 42 

o. 57 

R 

Glx 

1 050 

+ 

1 . 2 

.. 

1 . 0  
1 . 0 

1 .  1 

-

1 . 0  

0. 32 

0 . 6? 

R 

Ala 

600 

+ 

... 

2 . 0  
1 .  2 

-

1 .  0 
1 .  0 

0 . 46 

0 . ?6 

R 

Glx 

700 

1 .  0 
1 .  0 
0. 9 

1 .  0 
1 .  9 

1 .  0 
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s .  aureus v8 protease digestion of peptid e T7 : 

Pept ide T7 ( 3  �ol ) was d igested with s .  aureus v8 protease • 

and the pept id es were separat ed on a S ephad ex G-25 Pharmac ia K-.1 6 

c olumn ( Fig. 3 . 1 8 . ) . The pept ide eluting in frac tion GE1 was 

sub j ec t ed to a rapid Edman degradation t o  provid e t he N-terminal 

s equenc e : 

N-terminal Residue 2 
Ala 

Residue 3 
Leu 

Frac tion GE1 was further d igest ed wit h  pepsin and the pept ic 

pept ide s  were purified by paper elec trophoresis to provide 

overlaps for the c hymotrypt ic peptid es .  The pept ide purification 

data and amino a c id c omposit ions of the peptic peptid es from 

pept id e GE1 are given in Table 3 . 1 8 . and Fig. 3. 1 9. The two 

pept id es eluting in fract ion GE2 +3 were furt her purified by paper 

elec trophoresis for which t h e  pept ide data and amino acid 

c ompo sit ions are given in Table 3. 1 9. a nd Fig. 3 . 1 9  • •  

0 . 5  

o .n 

0 

0 

Fig. 3. 1 8. 

50  too 
ELUATE VOLUME ( rnl J 

S ephtdex G-25 chromatography of peptid ea 

obt ained by d igest ion of  peptid e  T7 with 

s .  aureue v8 prot eas e .  
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Tt:ible 3 . 1 8 . Pept id e isolat ion data and amino ac id c ompositions 
of the pepsin d igest peptid e s  of pept id e GE1 t hat 
was obtained by s .  aureus v8 prot ease d igest ion 
of pept id e T7• 

Peptid e GE1 Pa GE1 PN1 GE1 PN2 G-25 frac tion GE1 
Mobility : 

pH 6 . 5 -0. 36 

pH 3 . 5 +0. 57 
pH 2 . 1 0. 32 0. 60 
BAWP 0. 42 0. 77 1 . 00 

Ninhydrin c olour R R R 
N-terminal Asp Ala Val 
Fluoresc enc e  
1 4 

C (dpm/�mol )  

Yield ( nmol ) 2 50 200 220 
S tained for : 

Tyr + 

Trp 

Arg 

.Ailino acid c omfoaition : 

Amino ac id .  Residuea. 
His 
�- 1 .  0 1 .  0 
Arg .. 

OMCya } 2 . 1 .. - 2 . 0 Asp 
Thr - 1 .  0 1 . 8 
Ser 0. 9 0. 9 
Glu 1 . 0  1 . 9  
Pro o. B 0. 8 
Gly 1 . 2  1 . 1  
Ala 2 . 9 1 . 0  1 .  0 5· 5 ... Val 1 . 9  1 . 0  3 . 0 
Met I 
I le 
Leu 1 .  0 1 .  9 Tyr 1 . 0  1 . 1  Phe 1 . 2  .. - 1 . 0  



Table 3 . 1 9. Peptide isolat ion data and amino acid c ompositions 

of pept id es GE
2 

and GE
3 

t hat were obta ined by 

digestion of pept id e  T
7 

with s .  aureus v8 prot ease .  

Pept id e 

Mobility : 
pH 6. 5 

pH 2 . 1 
BAW!' 

Ninhydrin colour 

N-t erainal 

Fluoresc e nc e  
1 4c ( dpm/l1Jlol ) 

Yield ( nmol ) 

S t ained for : 
Tyr 

Trp 

Arg 

GE2 

-0. 3 7  

0. 6 1  

y 
Asn 

500 

+ 

Amino acid c omEosit ion :  

Amino acid.  Residue. 

His 
Lys 
Arg 

CMCys } 3 . 0  Aep 
Thr .. 

S er 
Glu 1 . 1  
Pro 0. 9 
Gly 
Ala 
Val 1 .  0 
Met 
Ile 
Leu 
Tyr 1 . 0  
Phe 

GE3 

-0. 48 

1 .  00 

R 

Tyr 

800 

+ 

-

1 .o 3 1 . 8  
1 . 2 

-

1 . 0  
1 . 0  

2 . 0 
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The peptid es from the c hymotrypsin , s .  aureus v8 protease 
a nd pepsin d igestions of peptide  T7 were s equenc ed and t h e  T7 
peptid e  rec onstructed ( Fig. 3 . 20. ) .  

�-�-�-�-As,-Thr-Tyr-Glu-Asn-Val-Pro-Tyr-Asn-Asn -

t C hTa2 I C hTa4 I - C hTa3------- GE3 GE2 ------
Glu-Trp-Al a-Leu-Gln-Thr-Ala-Val -Thr-Tyr-Gln-Pro-Val-S er-

----------- C hTN1 --------- ---- C hTN2 -
- I -------------------__._- GE1 _________ ____.. __ _ 

----------- GE1 PN1 -------
Val-Ala-Leu-Asp-Ala-Ala-Gly-Asp-Ala-Phe-Lys 

ChTa.1 ------------ GE �------------------------1 

Fig. 3 . 2 0. Rec onstruct ion of peptide T7 from chymotrypsin , 
pepsin a nd s .  aureus v8 prot ease dige st peptidea.  

Amide and a c id  residues in peptid e  T7 were c ontiraed by t he 

Offord ( 1 966 ) aobility proc edure . 



3 .  4.  8. Pept id e  T8 : 

Pept id e  T8 from frac tion I I I  of t he S ephad ex G-50 c olumn 
elution profil e  ( Fig. 3 . 2 . ) was rechromat ographed on D EAE 
c ellul o s e .  The purified peak elut ing from t he DE-32 column was 
pooled ( Fig. 3 . 4 . ) .  The amino a c id c oaposit ion was d et ermined 
(Table 3 . 20. ) and the yield of the pept id e was 6. 5 �ol . The 
specific radioa c t ivity ( 1 . 1 x 1 06 d pm/�mol ) of pept id e T8 
indic ated that one cyst eine residue was pre sent in t h e  peptid e .  

Table 3 .  2 0. Amino a c id c omposit ion of peptid e  T8 • 

Amino ac id No. o f  r esidues 

His 1 .  0 
Lys 1 .  0 
Arg 
CMCys } 3 . 0 A sp 
Thr 2 . 8 
S er 1 . 0  
Glu 2 . 0 
Pro 0. 9 
Gly 7. 2  
Ala 2 . 9 
Val 4 . 8 
Met 
Ile 4 . 0 
Leu ... 

Tyr 2 . 9 
Phe 1 .  0 

A rapid Edaan d e gradat ion of pept ide T8 provid ed t he 
following N-terminal s equenc e : 

N-t erainal Residue 2 Residue 3 

Glx Tyr Ala 

Chymotrypsin dige s t ion of pept id e T8 : 

Pept id e T
8 

( 2  �mol ) was d igested with chymotrypsin and 

1 00 naol was used t o  ma p the peptid es ( Fig. 3 . 2 1 . ) .  The 
ohymotrypt io pept id e s  were purified troa t ht remainder ot the  

digest ( 1 . 9 �mol ) by paper el eot rophoreaie. The pept id e 

purification data and amino acid c ompositions of t he pept id as 

are give n  in Tabl e 3 . 2 1  • •  

86 . 



Table 3 . 2 1 . 

Peptide 

Mobility : 
pH 6. 5 
pH 2 . 1 
BAWP 

Pept ide isolation d a t a  and amino &cid 
c omposit ions of the chymotrypsin d igest pept id ea 
from pept id e T8• 

-0. 55 

o. 52 o. 77 

ChTb 

+0. 50 

Ninhydrin colour 0 y 

0. 36 

0. 65  
R 
Glx 

0. 59 
R 

N-t erminal 
Fluoresce nc e  
1 4c (dpm/}Uilol ) 
Yield ( nmol ) 
S t a ined for : 

Tyr 
Trp 
Arg 

Amino �cid c omposition : 

Amino acid .  
His 
Lye 
Arg 

CMCys 
As�· 
Tlir 
S er 
Glu 
pro 
Gly 
Ala 
Val 
Mat 
I le 
Leu 
Tyr 
Phe 

Residue a .  

Thr Gly 
+ 

1 . 2x1 06 

6 oo Boo 

+ + 

+ 

1 .  0 

1 . 2  
1 . 0 

1 . 1 

1 .  0 

1 .  8 

1 .  0 0. 9 

1 50 

+ 

0. 9 
1 . 0 

1 . 1 
1 .  0 

1 . 1 
0. 8 

I l e  

500 

1 .  0 
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s .  aureus v8 prot ease digest ion of pept id e T8 : 

Pept ide T8 ( 3  �ol ) was digested with s �  aureus v8 prot ease 
a nd the  pept ides were separated on a Sephadex G-2 5  Pharmacia K-1 6 
column ( Fig. 3 . 22 . ) .  The pe pt id e eluting in frac tion GE1 was 
subjec ted to a rapid Edman d e gradation to provide the N-t erminal 
sequenc e : 

N-terminal 
Glx 

Residue 2 

Tyr 
Residue 3 

Ala 

Frac t ion GE1 was further d igest ed wit h pepsin a nd the pept ic 
peptid es  werf purified by pa per elect rophoresis t o  provid e 
overlaps for the c hymotryptic p ept id e s .  The pept id e  data and 
amino acid composit ions of the  pept ic peptides are given in 
Table 3 . 22 • •  The peptide eluting in frac tion GE2 was further 
purified by paper method s .  Pept ide GE2 was not mobil e  when 
sub j ec t ed to elec trophoresis at pH 6 . 5  or pH 2 . 1 ,  but was mobile 
on paper in the BAWP c hromat ogra phy solvent . The peptid e  was 
elut ed from paper wit h BAWP, and the pept id e  purification data 
and amino acid oaapoaition of pept ide GE2 are given in Table 3 . 23 • •  

o . s�---------------------------------------------------------, woo 

0 
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Fig. 3 . 22 . 
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Table 3 . 22 . 

Pept id e 
Mobility : 

pH 6 . 5  
pH 2 . 1  
BAWP 

90. 

Peptide isolat ion data a nd amino acid c omposit ions 
of the pepsin diges t  peptid e s  from pept id e  GE1 that 
was obt ained from peptid e  TB by dige stion wit h 
s .  aureus v8 prot e a s e .  

-0. 36 -0. 53 

0. 74 0. 74 

Amino acid c ompos it ion 
Amino ac id No . o f  resid uea 

GE1 Pa 1 GE1 Pa2 
1 .  0 

Ninhydrin c ol our 
N-t erminal 
Fluoresc enc e 

R R 

Phe Tyr 

His 
Lys 
Arg 
CMCys 
Asp 
Thr 
S er 
Glu 
Pro 
Gly 
Ala 
Val 
Met 

1 . 0  
1 4c (dpm/}'Ulol ) 
Yield ( nmol ) 
S tained for : 

Tyr 
Trp 
Arg 

Tabl e 3 . 2 3 .  

PeEtid e  
Mobilit:r : 

pH 6 . 5 

pH 2 . 1 

BAWP 

1 . 1 x1 06 

270 200 

+ 

I l e  
Leu 
Tyr 
Phe 

1 .  0 
2 . 0  
1 .  9 
2 . 2 

1 . 0  

1 .  0 

1 . 0 

1 . 1  

1 .  0 

Pept ide isolat ion data and amino acid c omposit ion 
of pept id e GE2 that was obtained from pept id e  T8 
by dige st ion wit h s .  aureua va protease.  

GE2 Amino acid c omEoait ion 
Amino ac id No. o f  r esiduea 

Hi a 
Lya 0. 9 

0. 83 Arg 

Ninhydrin c olour y CMCya } 1 . 0  Asp 
N-t erminal Gly Thr 
Fluorescenc e + S er 
1 4

c (dpa/�ol ) 
Glu 
Pro 

Yield ( DIDOl ) 300 Gly 2 . 0 
Ala 

Stained fOl" Z Val 1 . 8  
rtr + Met 
'l'rp I l e  1 . 1  + Leu 
Arg Tyr 1 . 1 

Phe 
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The peptid e s  d erived from pept id e  TB were s equenc ed and the 
Ts pept id e  reconstruc t ed .  Two pept ides isolat ed from the pepsin 
diges t  of pept id e  GE1 were suf fic ient to provid e overlaps for the 
c hyaotryptic peptid es of p ept id e  Ts ( Fig. 3. 23. ) .  

�-�-�-S er-Gly-Ile-Phe -Thr-Gly-Pro-cMCy s-Gly-Thr-Ala-

1 ChTN1 I C hTa 1 -------

l GE1 
--------- GE1 Pa 1.----­

Val-Asp-Hia-Ala-Ile-Val-Ile-Val•Gly-Tyr-Gly-Thr-Glu-Gly ­

C hTa2--

------"""-- GE1 --------=-------"'--=------ I --

GE1 Pa 1 
Gly-Val-Asp-Tyr-Trp-Ile-Val -Lys 

----------------
1 -- c hTb -- l 

------ GE2 I 

Rec onstruct ion o f  peptide TB from chymotry psin , 
pepsin a nd s .  aureua VS protea s e  d igest peptid e s .  

Aaid e a Dd  acid reaidues in pept id e  TB were confirmed b y  the 
Of tord ( 1 966 )  mobility proc edure . 



92 . 

Peptid e  T9 was iE ,-lated from fract ion VI of the S ephadex G-50 
c olumn elution profile ( Fig. 3 . 2 . ) .  Pept id e T9 was purified by 
paper elec trophoresis ( Fig. 3 . 3 . ) .  The peptide pur ifica tion data 
and amino acid c omposition o f  peptid e  T 9 are given in Table 3 . 24 • •  

Tabl e 3 . 24 . Peptid e  isolat ion data and amino acid composit ion 
of peptid e  T9 • 

Pept id e T9 Amino a c id composition 

Mobility : Amino acid No . of 
pH 6. 5 -0. 37 His 
pH 2 . 1 Lys 
BAWP 0. 52 Arg 1 .  0 

Ninhydrin col our y CMCys } 1 . 9  Asp 
N-t erminal Asn Thr 1 .  9 
Fluoresc e nc e  + S e r  1 .  0 
1 4 Glu 2 . 0  

C ( d pm/}.Lmol ) Pro 
Yield ( }.UDOl ) 4. 5  Gly 2. 0 

Ala 
Stain ed for : Val 

Tyr + Met 0. 9 
Trp + I le 

Leu 
Arg + Tyr 1 . 1  

Phe 

Peptide T9 was init ially sequenc ed by the dansyl-Edman 
proc ed ure.  

Chlmotrzpsin d igest ion of pept id e T9 : 

residues 

Peptid e  T9 (2 }.LIIOl ) was d igest ed with chymotrypsin and t h e  
peptide & were purified by pa per el ectrophoresis . T h e  amino a c id 
c omposit ions and the sequenc e s  of the chymotryptic pept id e s  were 
de termined ( Table 3 . 2 $. ) to provide information on the locat ion 
of t he t rypt ophan reaidues a nd to furt her confirm the sequenc e .  
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Tabl e  3. 2 5. Pept ide  isolation d a t a  s nd amino acid c ompositions 
of the c hymot rypsin d igest peptid es from peptid e  T9 • 

Peftide  C hTa1 C hTa2 C hTN ChTb 
Mobility : 

pH 6. 5  -0. 43 -0. 7 5 +0. 4 8  
p H  2 . 1  0. 48 

Ninhydrin colour R y y R 
N-terminal Asp Gly Asn Met 
Fluoresc ence + + 
1 4  C ( dpm/�mol ) 
Yield ( nmol ) 350 600 400 700 
Stained for : 

Tyr + 

Trp + + 
Arg + 

.Ami no acid c ompoait i�ti : 

Amino acid .  Residues .  
His 
Lye 
Arg 1 .  0 
CMCya } 1 . 0  1 .  0 Asp 
Thr 1 . 9 
S er 0. 8 
Glu 2 . 0  
Pro 
aly 2 . 1  
Ala -
Val -Me t  - 0. 9 
I l e  
Leu 
Tyr 1 .  0 
Phe 

The sequenc e  of peptid e T9 was c onfirmed by t he s equenc e s  of 
the c hymotrypsin digest p ept id e s  t o  be : 

�-�-Tr,-Asr�-�-Tr;-alr�-�-GlrTyr�-Ar' 
1 - ChTN - I -- C hTa 1 I· C hTa� 1 - C hTb - I  

Amide an4 acid residuee in pept id e  T9 were c onfi�med by the 
Offord ( 1 966 ) mobility procedure . 
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Peptid e  T 1 0  was isolat ed from frac t ion V I I  of t h e  S e phad ex G-50 

c ol umn elution profile ( Fig. 3. 2 . ) .  Pept id e T1 0  was purified by 
paper elec trophoresis ( Fig. 3 . 3 . ) .  The pept ide  purification data 
a nd amino acid c omposition of  peptid e T1 0 are giv e n  in 
Tab l e  3 . 26 • •  

Tabl e 3 . 26 .  Pep t id e  isolat ion d a t a  and amino a c id composit ion 
o f  p ept id e  T 1 0• 

Pept �d e 

Mobil ity : 
pH 6 . 5 

pH 2 . 1 

BAWP 
Ninhydrin o olour 
N-terminal 
Fluoresc ence  
1 4c ( d pm/)Uilol ) 
Y ield ( �mol ) 
S t ained tor : 

Tyr 

Trp 
Arg 

+0. 50 

0. 82 

R 

Il e 

6. 2 

+ 

Amino a c id c omEosit ion 

Amino acid No. of r esidue& 
His 
Lys 
Arg 1 . 0  

CMCys } -Asp 
Thr 
Ser 
Glu 
Pro 
Gly 
Ala 
Val 
Met 
I l e  1 .  0 
Leu 1 .  0 
Tyr 
Phe 

Peptide T1 0 was s eque nc ed by the dansyl -Edman method t o  give 
the sequence : 

17-�-Ar, 
The charge on p ept id e  T 1 0  was c onfirmed b y  t h e  Offord ( 1 966 ) 

mobil ity proc edure.  



3 . 4. 1 1 .  Peptide T 1 1 : 

Pept id e T 1 1  from fra c t ion IV of the S e phad ex G-50 c olumn 
elution profile ( Fig. 3 . 2 . ) was rec hromat ographed on DEAE 
c ellul os e .  The first peak of t h e  fra ct ion IV mat erial eluting 
from t he DE-32 c olumn was pooled ( Fig. 3 . 4 . ) .  The pept id e was 
mobile by pa per elec trophore sis a nd chromatogr�phy. The pept id e 
data and amino acid c omposit ion ar e  giv en in Table 3 . 2 7 • • The 
s pec ific rad ioac t ivity ( 1 . 3 x 1 0

6 
dpm/�mol )  of pept id e T

1 1  
indicated that  one cyst eine residue was present in the peptid e .  

Tabl e 3 . 27 . Peptid e  isolat ion data a nd a mino a c id c omposition 
of pept id e  T1 1 • 

Amino acid composition 

95. 

Pept id e  
Mobil ity : 

pH 6. 5  Amino ac id 
His 

No . of residues 

pH 2 . 1  
BAWP 

Ninhydrin colour 
N - terminal 
Fluoresc enc e 
1 4 C ( d pm/}Uilol ) 
Yield ( �ol ) 
S t a i ned for : 

Tyr 
Trp 
Arg 

0. 47 
0. 44 
y 
Asn 

+ 

... 

Lys 
Arg 
CMCys 
Asp 
Thr 
S er 
Glu 
Pro 
Gly 
Ala 
Vel 
Met 
Ile 
Leu 
Tyr 
Phe 

1 .  0 

} 2 . 0 
1 .  8 
0. 9 

1 . 9  
4 . 3  
2 . 3  
2 . 0 
0. 9 
1 .  2 

A rapid Edman degradation of  peptid e  T 1 1  provid ed t h e  
foll owing N•t erminal sequenc e : 

N-t erminal Residue 2 Resid ue 3 
A en Val Gly 

Thermolysi� d igestion .of pept id e T 1 1 : 

Residue 4 Res idue 5 
Gly Ala 

Pept id e T1 1 was d igest ed with tbtrmol7ain and t he peptid ee 
purified by paper electrophoresis . The pept ide isolat ion dat a  
and amino acid c omposit ions o f  t h e  peptid te are given in 
Table 3 . 2 8. and Fig 3 . 24 • •  2 �cl of the pe pt id e was d iges ted .  
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Table 3 . 28 .  Pe pt id e isolation d a t a  a nd amino acid c omposit ions 
of the thermolysin d igest peptid es from pept id e  T

1 1 • 

Tha Pept id e 
Mobility : 

pH 6. 5 -0. 43 

pH 2 . 1 

BAWP 
Ninhydrin c ol our 
N-t erminal 
Fluorescenc e 
1 4

c ( dpm/}Uilol ) 
Y ield ( nmol ) 
S tained for : 

Tyr 
Trp 
Arg 

Amino acid c omposit ion : 
Amino acid . 

His 
Ly s 
Arg 
CMCys 
As p  
Thr 
s er 
Gl\l 
Pro 
Gly 
Ala 
Val 
Met 
Il e 
L eu 
Tyr 
Phe 

Residues . 

0. 46 

y 
Asn 

6 1 . 3x1 0 

1 400 

ThN 

0. 36 

0. 87 

R 

Ile 

1 2 00 

+ 

0. 9 
o. 8 

1 .  8 

1 .  0 

1 . 1  

Thb 

+0. 62 

0. 47 

R 

Val 

700 

1 .  0 

-
1 . 0  

The t hermolysin digest pept id es were sequenc ed by t he dansyl 
Edaan method a nd the s equenc e of pept ide '1'

1 1  
reconstruc t ed : 

�-�·Gl,-Gl,-�-Gly-Thr-cMCys-Gly-Ile-Ala-Tbr-Met -Pro-Ser•Tyr-Pro-Val-Lya 

I Tha I ThN I -Thb - I 
The absenc e  of acid residuea from pept ide T1 1  was c onfirmed 

by the Oftord ( 1 966 ) mobil ity pr ocedure . 
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3 . 4 . 1 2 .  Pept ide T1 2 : 

98. 

Peptide T1 2  was isolat ed from frac tion VII o! t he S e phadex G-50 

c olumn elutio n  profile ( Fig. 3 . 2 . ) .  Peptid e T 12  was purified by 

paper elec trophoresis ( Fig. 3. 3. ) .  The pept ide purificat ion data 

and amino acid c omposition of pept id e T1 2  are given in 

Table 3 . 2 9  . .  

Pept ide 

Mobility : 
pH 6. 5 

pH 2 . 1 

BAWP 

Peptide isolation data and amino ac id c oapoeition 

of pept ide T12 • 

T12  Amino acid c omposit ion 

Amino ac id No.  of r8siduee 
His 

0. 50 Lys 
o. 48 Arg 

Ninhydrin colour R CMCys } 2. 0  Asp 
N•t erminal Tyr Thr 
Fluoresce nc e  Ser 
14  Glu 

C (dpa/}Ulol ) Pro 
Yield ( �aol ) 5. 0 Gly 

Ala 
stained for : Val 

'l'yr + Met 
'l'rp Ile 

Leu 
Ars Tyr 1 .  0 

Phe -

Pept ide T1 2  was eequenced by the dansyl•Edman method t o  give 
the sequenc e : 

The absenc e o!  ac id residue• from pept ide T1 2  was c onfirmed 

by t h e  Offord ( 1 966 ) mobility procedure. 



S ection 3. 5. Determination of the C -terminal region 
of actinidin : 

Determination of the C-terminal region of actinidin 
from the cyanogen bromide fragments : 

Carboxy [ 1
4
c2 l methyl actinidin ( 5  �mol ) was reacted with 

cyanogen bromide and the fragments were subjected to gel 
filtration on a Sephadex G-50 Pharmacia K-26 column ( Fig. 3 . 25. ) . 
Fraction CB-I was radioactive and elut ed at the exclusion limit 
of the gel c olumn. Fraction CB-II+III was radioactive and was 
pooled for rechromatography on a Sephadex G-25  Pharmacia K-26 

column which resolved the material into two peaks , CB-II and 
C�-III (Fig. 3 . 26 ) . Frac tion CB-III was pure by electrophoresis 
at pH 6 . 5 and was not radioactive . Fract ion CB-II resolved into 
two components (CB-IIa 1 and CB-IIa2 ) on electrophoresis at pH 6 . 5 , 
and both components were radioactive. The peptide purification data 
and amino acid compositions of peptides CB-IIa1 , cB-IIa2 and 
CB-III are given in Table 3 . 30 • •  

Table 3. 30. 

Peftide 

Mobility : 
pH 6. 5 

Ninhydrin 
colour 

N-terminal 
Fluoresc enc e  
14c (dpm/}Uiol ) 
Yield ( �mol ) 
Stained for : 

Tyr 
Trp 
Arg 

Peptide isolation data and amino acid c ompositions 
of cyanogen bromide fragments from actinidin. 

CB-IIa1 CB-IIa2 CB-III Amino acid COIBfOBition 
Amino acid No. of residues 

+0. 1 5 +0. 2 9  +0. 27 CB•IIa1 CB-IIa2 CB-III 
R R R Hi a 

H
";;) 0. 3 0. 3 Arg Arg Pro Lya 1 . 1 
Arg 2 . 0 2 . 0 

6 6 
CMCye} . 8 1 . 8 2 . 1  1 . 1 x1 0 1 . 2x1 0 - Asp 

0. 3 2 . 0  2. 5 Thr 1 . 8 1 . 9 
Ser 1 . 0  

+ Glu 
Hae 0. 5 0. 5 
Pro 2 . 0  
Gly 4. 1 4. 0  + + 
Ala 2 . 3  2 . 3  
Val 1 . 0 1 . 0 1 . 2  
Met 
Ile 1 . 8 1 . 9 
Leu 1 . 0  1 . 0 
Tyr 1 . 9 
Phe 

MA5 E.Y UNIY�U. 
' LlMAU 
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Cyanogen bromid e fragment C B-III  was  s equenc ed by the dansyl 
Edman met hod to provid e the s equenc e :  

Cyanogen bromide fragment CB-IIa2 ( ?00 nmol ) wa. s sequ enc ed by 
t he dansyl -Edm& n m e thod for the first s ix residues whic h  ga ve the 
sequenc e :  

1 . 8 �mol of fragment CB-I Ia2 was d igest ed with c h�motrypsin 
a nd the pept id e s  were separated by electrophores is (Tabl e 3 . 3 1 . ) .  

Tabl e 3 . 31 . 

Pe;et id e  

Mob ility : 
pH 6 . 5 

Ninhydrin 
c ol our 

N-t erminal 

Fluoresc ence 
1 4c (dpii/)'Jnol ) 

Yield ( naol ) 
Stained for : 

T7r 
Trp 
Arg 

Pept ide isol a t ion data and amino ac id c omposit ions 
o f  t he  c hymotrypsin d iges t pept ides  from cya nogen 
bromid e fragment C B-IIa2 • 

ChTa C hTb Amino acid c om;eosit i o n  
Amino acid No. of  residues 

-0. 30 +0. 4 5  ChTa C hTb 
His 

R R H� 0. 2 
Arg Arg Lys 

Arg 1 .  0 1 .  0 
6 CMCys } 1 . 9  1 . 1 x1 0  - Asp 

500 600 Thr 1 .  8 
Ser 
Glu 
Hse 0. 5 
Pro 
Gly 4. 2 + + Ala 2 . 1  
Val 1 . 1  
Met 
I le 0. 9 0. 9 
Leu - 0. 9 
Tyr 
Phe ... 
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Peptid es ChTa and ChTb from the cyanogen bromide fragment 
CB-IIa2 were sequenced by t he dansyl-Edman method to provide the 
sequenc e :  

Ar,-!!?-�-Ar,-�-�-Gly-Gly-Ala-Gly-Thr-cMCys-Gly-Ile-Ala-Thr-Met 

1-ChTb - I ChTa I 

Cyanogen bromide fragment CB-IIa 1 was found to  h�ve the saae 
sequenc e .  

Amide and acid residues in the cyanogen bromide fragments 
were c onfirmed by the Offord ( 1 966 ) mobility procedure. 

Confirmation of the C -t erminal region of actinidin 
with carboxypeptidase A :  

Three samples o f  ac tinidin ( 300 nmol per sample ) were trea t ed 
so that one saaple acted as control , one sample was d ithiothreitol 
activat ed and the other sample was acid d enatured . An aliquot from 
each treated sample was digested with carboxypeptidase A. 

The reaction products were analysed by polyacrylamide gel 
electrophoresis and by amino acid analysis. 

The gel electrophoresis results showed a single band in t h e  
c ontrol a nd  t h e  dithiothreitol n c tivat ed samples which indicated 
t ha t  act inidin d id not autolyse u nd er these conditions. 

Amino ac1d analysis results showed no amino acids had b�en 
released from the control or dlthiothreitol activated 
actinidin sample ,  but from the acid denatured actinidin sample ,  
t�• aaill� acid re.cd:dues released . were : 2 asparagine , 1 tyroe;ine , 
1 lysine and 1 valine. 



Section 3 . 6. Determination of  the amino acid sequence about 
a the active sit e cysteine residue in actinidin : 

1 03 . 

1 4  .. � Carboxy l C� ) methyl actinidin { 10 �ol r that was radioactively 
labelled with 1 C only at the active site cysteine residue , was 
digested with trypsin and subj ect ed to gel filtration on a 
Sephadex G-50 column to give an elution profile the same as that 
in Fig. 3 . 2 .  In this case , Fraction IV of the Sephadex G-50 
column elution profil e was the only radioactive fraction , which 
was pool ed and rechromatographed on DEAE-cellulose to resolve the 
radioactive peptide , which corresponded to peptide T3 ( elution 
profil e as for Fig. 3 . 4 . ) .  

The radioactive peptide was digest ed with chymotrypsin and 
the radioactive peptide from the chymotrypsin digest was 
purified by paper electrophoresis. This radioactive peptide had 
the same electrophoretic mobility and amino acid c omposition as 
peptid e  ChTa1 {Section 3 . 4 . 3 . , peptide T3 , page 51 ) , but had a 
specific radioactivity {dpm/�ol ) that indica ted only o n e  

radioa c tive cyst eine residue w a s  present i n  the pept id e .  

The peptide was sequenc ed by t he dansyl-Edman procedure and 
the butyl acetate extract aft er each Edman cycle was analysed for 
radioactivity. In this way , the cysteine residue at the active 
site ot ac tinidin and the sequence about the active site cysteine 
reaidue waa ahown to be : 

a 

• 
where denotes the radioactively labelled residue. 

Dithiothreitol or �-mercaptoethanol do not reduce t he 
disulphide bridges of actinidin in the absence of 
guanidine hydrochloride or urea at 4°c .  

b 1 0  �ol ac tinidin o f  spec ific ac t ivity 1 . 4  x 1 06 d pm/�mol .  
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C HAPTER IV 

D ISCUSSION 

Sec t io n  4 . 1 .  Th e purific a tion of  a c t inidin: 

The molecular weigh t s  for ac t inid in of 1 5 , 400 and 1 2 , 800 , 

obtained by gel filtrat ion , for the enzyme prepared in a n  
unblocked fora ( McDowall• 1 970 ) , were c onsid erably lower than t h e  
valu e  of 26, 000 obtained b y  Boland and Hardman ( 1 972 ) for 
ac t inidin pre pared as the reversibly inac t ivat ed S-sul phe nyl 
thiosul pha t e  d erivat ive.  Ac t inid in wa s therefore pre pared as the 
s -sul phenyl t hiosul pha t e  d erivative t o  prevent any possibility 
of the enzyme und ergoing autolysis.  

Polyacrylam id e gel  electrophoresis of  c ryst allized act inid in 
pr epared a c c ord ing to  the method give n in Section 2 . 1 .  ( page 1 6 )  

provid ed a singl e band ind icating that the purified enzyme was 
not c ontamina t ed by ot her proteins of a different mol ecular 
weight and c harge . 

Further evid e nc e  for t he enzyme pur ity was provid ed by 
dansylation o f  crystallized act inid i n ,  which ind icated a s ingl e 
N-t erminal l euc ine residue.  

S ec t ion 4 . 2 .  The amino a c id c omposition of ac t inidin : 

Ac tinid in is r eported t o  be a n  a nionic prot eas e ( McDowall , 
1 970 ) .  The aaino acid c ompos it ion o t  act inidin ,  as d et ermi ned by 
aaino a c id analysis a nd c o nfirmed by t he d et ermination of t h e  
primary se quenc e in this study , shows t hat act inidin c ont ains a 

high proport ion ot ac id ic aaino ac id s  r elat ive t o  t he nu�ber or 
basic aaino ac id s  ( Table 3. 2 . , page 3 9 ) .  The number ot 
trypt ophan residues in act inidin a s  d e t ermined c ol orimetrically 
by the met hod ot S co!!one et al ( 1 968 ) was found to be  6 ,  whic h 



is in agreement wit h t he number of t rypt ophan residues found i n  
the sequenc es of t h e  tryptic pept id e s .  
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In  Table 4. 1 .  the amino ac id c omposit ion of ac t inid in is 
c ompared with the amino ac id c ompositions of some pla nt t hiol 
proteases . Papain a nd fic in c ontain a higher proport ion of basic 
and a l ower proport ion of ac id ic res idues t han does a c t inid in , 
which is in  a gre ement with act inid in being a more a c id ic pr ot e i n  
than either papain or fic in. Alt hough c hymopapain a nd st em 
bromelain have higher molecular we ights than papain , t hese  
enzymes have similar proport ions of basic and acidic residues . 
Fruit bromelain is report ed t o  b e  an acidic protein and has 
similar numbers of basic and a c idic residues to a c t i nid in , whic h 
may indica t e  t hat pla nt t hiol proteases d er ived from latex 
sourc es are more basic than t hose derived from fruit sourc e s .  
The proport ions of hydrophobic and aroma t ic residues a r e  similar 
in all of t hese prot e ins ( Table 4 . 1 . ) ,  but t here is s ome 
variation in cys te ine residue c ont ent , a nd it is there fore likely 
t hat there  is a varia t ion in t he number o f  disulphid e brid ges  
pres ent in t hese prot eins. 

sec:tion 4. 3• Pur i ric ation of t h e  trzpt ic pept idee of ac t in1d i n :  

The low proport ion o f  basic amino acid residues in act inidin 
( 6  lysine a nd 5 arginine )  prompt ed the  d et ermination of t he 
s equenc e o f  ac t inid in from the t rypt ic peptides. This approac h  
was chosen  bec ause a tryptic d igest o f  actinidin would produc e 
a relatively small number of peptides ( twelve ) making the 
trac tionation and purificat ion of each peptide a l ess c omplex 
task. Diges t ion of actinidin with a l e ss specific prOt ease , suc h 

aa chymotrypsin or t hermolysin , would have resulted in a 
considerably more c ompl ex pept id e mixture t o  fractionat e  due to 
the larger number of aromat ic and hydrophobic residues . 
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Tab l e  4 . 1 . Amino ac id c omposit ion � r  some pla nt t hiol prot eases . 

Am i no Number of residues 
ac id 

a b c Ac t inidin Papa in Ficin C hymo- S t em Fruit 
papain Bd bromelaine bromels ine f 

His 1 
Lys 6 

Arg 5 

Asp 1 7 
Asn 12 
Thr 1 8 

S er 1 2 
Glu 1 0  
Gl n 1 0  

Pro 7 
Gly 28 

Ala 1 8 

eye
S 

7 
Val 1 7 
Met 2 
Ile 1 7  

teu 8 

Tyr 1 4 

Phe 5 

Trp 6h 

Total 220 

2 
1 0 
12 
6 

13 
8 

1 3 
8 

1 2 
1 0  
28 

1 4 

7 
1 8 

1 2  
1 1  
1 9  
4 
; 

2 12 

1 
5 

1 0 

1 1  
28 

20 
8 

1 8 
5 

7 
1 5 

1 5 

5 
6 

21 8 

5 
25 
1 0 

27 

1 6 

2 1  
29 

1 4 

39 
1 9  
1 1  
25 
1 

1 2  
1 5  
2 0  

7 
6 

302 

2 
23 
12 

29 

14 
28 

23 

14 

35 

35 

1 0  

22 
5 

2 1 
1 0  
2 1 
9 
8 

32 1  

1 .  4 

7. 8 
8 . 6 

29. 8 

1 3 . 5 
32 . 2 
23 . 2 

1 1 . 6 

32 . 6 

23 . 8 

1 0. 0  
1 9. 8 

6 . 0 
1 6. 4 

1 0. 0 
22 . 4  
7. 6 

5. 6 

263 

a Value s  are based o n  the primary sequenc e (Fig. 4 . 1 . ) 
b Values are based o n  the primary sequenc e  (Fig. 4 . 4 . )  
c Data from Englund et al , 1 968 . 
d Amino acid composition of chymopapain frac t ion IV taken 

to nearest integer (Kunimitsu and Yasunobu , 1 967 ) .  
• Data from ota e t  al , 1 964 . 
t For compariaon with st em bromelain , the data tor fruit 

bromelain are expr e ssed as mole ratios with leuc ine set at 1 0. 
g Combined total of cyst eine plus i-cyatine . 
h Det ermined independently by the aethod o t  Scoftone et al 

( 1 968 ) ,  and c onfirmed by t he primary sequenc e .  
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S ephad ex G-50 gel c hroma tography o f  S •carboxymethylated 

act inidin t hat had been d igest ed with trypsin , resolved the 

tryptic peptid e e  into seven fract ions ( Fig. 3 . 2 . , pages 4 1 , 42 ) .  

The first four fract ions were found t o  contain pept ides  t hat 

were t oo large to enable purificatio n  by paper techniques.  These 

peptides  were purified on D EAE-c ellulose ( Fig. 3 . 4 . , pages 45 ,46 ) .  

The last three  fract ions c ontained pept id es t hat c ould b e  

separa t ed by paper t ec hniques ( Fig. 3 . 3 . , pages 43 ,  44 ) into 

six pure pept id e s  which were sequenc ed directly by the d a nsyl 

Edman method ( S ec tion 2 . 8 . 2 . , page 3 1 ) .  The remaining six 

pept id es that were purified by DEAE-c ellulose r equired further 

degradation wit h either c hymotrypsin , thermolysin , pepsin or 

s .  aureus v8 protease t o  produc e smaller peptid es t ha t  c ould be  

sequenc ed by t he dansyl-Edman method . These smaller pept id e s  

were t hen aligned t o  rec onst ruct t he s eque no �  o f  each tryptic 

peptid e .  

s .  aureus v8 prot ease was part ic ularly useful for t he 

determination of amid e residues b ecause or the enzyme spe�ific ity 

for the  carboxyl group of glutamic acid in ammonium bicarbonate  

buffer at pH 7 . 8 ( Houmard and Drapeau , 1 972 ) .  s .  aureus v8 

prot ease has been used in sequenc e stud ies more recently , and 

although cleavage next t o  s ome aspartic ac id as well as 

glutamic acid residuea was found , there was no cleavage next t o  

glutamine reaiduee ( Emmena e t  al , 1 976 ) .  

Sec t ion 4 . 4 .  Det ermination o f  t he amino acid s equenc e of each 

t rypt ic pept id e from actinid in' 

D et ermination of the sequenc e  of eac h trypt ic peptid e  ie 
d iscussed in turn and the pept id es are aligned t o  fora the 

primary sequenc e o f  ac tinid in. 



Peptide T 1 : (Section 3 . 4. 1 . , page 49)  
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Pept ide T1 was purified by paper electrophoresis from pept id e s  

T 1 0  and T 1 2  whic h were present in frac t ion V I I  o f  t he S e phad ex 

G-50 c olumn elution profile ( Fig. 3 . 2 . , pages 41 , 42 ) .  Pept id e T1 
was sequenc ed by the  d a nsyl-Edman met hod which showed t hat the  

8 amino acid residue& in the pept id e were arranged in the 

following sequenc e : 

Leu-Pro-S er-Ty�-Val -As7-Tr,-Ar' 
I l l I · 

The result s  o f  t he amino acid analysis and staining for spec ific 

amino ac id residues on pa per c onfirmed that the sequenc e  of 

peptid e  T 1 c ontained t rypt ophan , tyrosine and argi nine ( Tabl e 3 . 3 . , 

page 49 ) .  The location o f  the tryptophan residue in the 

sequenc e  was det ermined by staining a sample of the pept ide for 

t ryptophan aft er each cycle of t he Edman degradation. The presenc e 

of  an aromati� residue in pept id e T1 explained why t his pept id e 

was retard ed on the S e phadex G-50 c olumn ( Fig. 3 . 2 . , pages 41 , 42 ) 

and elut ed in fraction VII ( Pora th , 1 960 ) . 

There were no amide residues in pept ide T 1 as t his peptid e  

was neutral a t  pH 6 . 5 a nd the amino ac id c omposition ind icated 

that only one aspart ic ac id residue was present in the pept id e.  

S ubsequent ly , pept id e T1 was fou nd to be  t he only trypt ic pept id e 

wit h  a l euc ine N-terainal , and as d�nsylation ot a s•mpl e  of 

c r11t allize4 actini�in gav e  a single N-t erminal leuc ine r t aidue , 

this suggest ed pept id e T1 was t he N-terminal tryptic peptide of 

ac t inidin. 

Pept ide T2 : ( Section 3 . 4 . 2 . , page 50 ) 

Pepti.de T2 was purified by paper electrophor esis from 

fract ion V of  the S e phad ex G-50 c ol umn elution profile ( Fig. 3. 2 . , 

page s 4 1 i 42 ) .  Peptid e T2 was sequenc ed by the dansyl -Edman 

method which showed t hat the 9 amino acid residues in t h e  peptid e 

were arranged in the tollowing sequenc e :  



There w ere no amide residues in pept id e  T2 as this pept ide was 

neutral at pH 6. 5 and t he amino acid c omposition ind icated t hat 

o nly one aspartic acid residue was pre s ent in t he pept id e  

( Table 3 . 4 . ,  page 50 ) .  

( Sec tion 3. 4 . 3 . , page 51 )  
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Peptid e  T3 elut ed from the  S ephad ex G-50 c olumn in frac t ion IV 
(Fig. 3 . 2 . , pages 41 , 42 ) and was purified by DEAE-c ellulose 

chroma t ography from pept idea T1 1  and T8 , that were present in this 

frac t ion (Fig. 3 . 4 . ,  pages 45 ,  46 ) .  Peptide T3 had a specific 

radioac tivity ( d pm/�mol ) t hat ind icat ed there were 2 cyst eine 

residues in the peptide out of  a total of 22 residues .  This 

peptide waa further degrad ed by d igestion with c hymotrypsin 

(Table 3. 6. , page 52 ; Fig. 3 .5 . , page 53 ) and thermolyein 

(Table 3. 7 . , page 54 ; Fig. 3 .6 . ,  page 55 ) ,  and t he sequenc e  of 

each peptid e  wa a aligned in the following aanner to reconstruct 

the sequenc e  of peptid e  T3 : 

!!7-�-Gl,-Glu-cMcya-Gly-Gly-cMCys•Trp-Ala-Phe-s er-Ala-Il e -Ala-

1 ChTa I -ChTN2- I -------

I Tha2 I - '.rhN2 --- I - 'l'hN1-
Thr-Val -Glu•Gly -Ile-Aan-Lys 

C hTN1 
- I - Tha1-- I - Thb - I 

A rapid Ed man degradation of pept id e TJ gave the saae 
N-terainal sequenc e aa t hat o f  pept id e  C hTa . Peptide ChTN1 was 

the only chyaotry ptic pept ide containing lysine and was therefore 

the c -t er.tnal sequenc e of peptid e  13 • The location of pept ide 

ChTN2 was confirmed by d e t ermination of  the sequenc es of t h e  

thtraolyaiA digest peptid e s  o f  peptid e T3• P ept id ee C hTa e nd Tha2 
both had a •pec itic redioac t ivity (dpm/�ol ) that indicat ed each 



1 1 0. 

peptide c ontained 2 cysteine residues . The locat ion of  t he cysteine 

residues in these two pept ides  was d e t ermined by t he dansyl -EdmA n 

method a nd c onfirmed by det erminat ion of  the radioac t ivity aft er 

each cyc l e  of  t h e  Edma n degrada tion .  

The mobilities o f  pept id e s  C hTa and Tha2 showed t hat they 
both had a net c harge at pH 

6. 5 o f  -3 which indic a t ed t hat bot h 

p ept ides  c ontained o ne amid e residu e.  To solve this problea as t o  

which residue was glutamine and which was glutamic ac id i n  t he 

s equenc e , peptide C hTa was sequentially d egraded by t he Edaa n  

m ethod . T h e  pept id e  electrophore t ic mobility after each cyc l e  of  

t he Edma n  d e gradation was plott ed on an Offord pept ide mobility 
diagram ( Fig. 3. 8 . ,  pages 57 , 58 ) .  The resul ts show t hat t h e  

fourth r es idue in t h e  sequence of  t h e  peptid e  i s  glutamic a c id , 

a s  a charge change of  -1 occurred aft er removal of this residue 

from the pept id e .  The s econd residue is glutamine , a s  t here was 

no charge c hange in the pept ide on removal o f  the sec o nd residue . 

Pept id e '1\ :  { Sec tion 3. 4 . 4 . ,  page 59 ) 

Pept id e  T4 present ed a probl em in t hat it was the only 

t rypt ic pept id e  of s -carboxy [ 1 4c2 l met hyl ac tinidin t ha t  c ould not 
b• loca t ed in eit her the Sephad ex G-50 c olumn elution profil e  

( Fig. 3. 2 . , pa ges 4 1 , 4� ) or the  D EAE•c ellulose c olumn elution 

profile (Fig. 3 . 4 . ,  page� 45 , 46 ) .  C omparison of t he amino a c id 
c oaposit ion of ac tinidin with the seque nc e s  o f  t he eleven trypt ic 

pept ides isolated , indicat ed thAt  pept id e T4 should c ontain in 

the pept ide sequenc e 1 cyst eine a nd 1 arginine , but no aromat ic 

residues ( no tyrosine , phenylala nine or trypt ophan ) .  Tentat ive 

al ignae�t of the sequenc es of the eleven t ryptic pept ides  t o  

reconstruc t the sequenc e  o f  ac t inidin , using information from t he 

t hree d iaensiona.l x-ray Cl7Stall ogra phic structure ot act inid i n ,  

indicated pept id e  T4 was located b etween pept ides T3 and T5• 

The location of peptid e  T4 ad jac ent t o  peptid e T3 in t he 

sequenc e  o t  act inidin prompt ed the det ermination of  the  sequenc e  

o t  pept id e T4 by isolat ion of t h e  maleyl tryptic pept ide 

containing peptide �4 from a trypt ic d igest of  mal eylat ed 
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c arboxyme thyl act inid in. Pept id e T3 contained the ac t ive s it e  

cyst eine residue ( Se c t ion 3. 6 . , page 1 03 )  and was a lysine 

C -t e rminal t rypt ic pept id e .  Maleylat ion of  S -carboxy f 1 4c2 J me t hyl 
1 4  act inid in ( labelled with C only a t  the ac t ive site cyst eine 

r esidu e )  followed by d igestion wit h trypsin ,  would produc e only 

one rad ioact iv e  peptide which would c ontain pept id e T4 as  part 

of the s equenc e .  

The tryptic pept id e s  from mal eylated c arboxymethyl ac t inidin 

were separat ed on a S ephad ex G-75 c olumn ( Fig. 3 . 9. , page 60 ) .  

Two of the frac t ions were rad ioac t ive and the radioac tive peptid e  

i n  the sec ond frac tion was found t o  have the same sequehc e as 

pept ide T3 , ind icating t ha t  the mal eylation of c arboxymet hyl 

ac tinidin had b e e n  inc ompl ete.  

Because peptide T4 could not be obtained from a tryptic d igest , 

t h e  sequenc e  of pept id e  T4 was d et ermined by analysis of t he whol e 

maleyl tryptic pept id e t ha t  c onta ined the sequenc e  o f  pept id e  T4 • 

Hai r of the first rad ioact ive frac t ion elut ing froa the 

S e phadex G-75 c olumn was d igest ed with chymotrypsin and a s ample 

of the mat erial was used t o  pre pare two mal eyl d iagonal peptid e  

maps . One map was stained with ninhydrin t o  reveal two pept ides  

lying off  of  t h e  d iagonal ( ChTM1 and C hTM2 ) of  which pept id e ChTM2 

was rad ioac tive ( Fig. 3 . 1 0. , page 6 1 ) .  The other map was stained 

for arginine t o  reveal only one arginine containing peptid e t hat 

was l ocated on t he d iagonal ( C hTA ) ( Fig. 3 . 1 0. , page 61 ) .  Using 

t he inf ormat ion from the maleyl d ia gonal , the t hree peptid es 

( C hTA , C hTM1 a nd ChTM2 ) were purified by prepara tive 

el ec trophoresis at pH 6 . 5 (Table 3 . 8 . , pa ge 62 ) .  

The remaining half o f  the first rad ioactive fra c t ion from the 

S ephadex G-75 c olumn was d igested with s .  aureus VB prot e a s e .  

S ampl es o f  t h e  d iges t  sub j ec ted to  elect rophoresis a t  pH 6 . 5 a nd 

t o  BAWP chromat ography , showed t hat a nonrad ioao t ive peptid e 

whic h atained yellow wit h ninhydrin remained at the origin 

( pept id e  GE/Y ) .  This pe ptide was separa t ed from the ot her pept ides 

in the d igest by prec ipita t ion at pH 3 . 5 during d emaleylat ion of  

the  d igest pept id es in solution. The amino ac id c omposition 



( Tabl e  3 . 1 0. , page 65 ) and t h e N-t erminal ( glycine ) ind icated  

t hat peptide GE/Y was suffic ie ntly pur e  to  sequenc e .  

Pept ides ChTM1 , GE/Y and one t hird o f  pept id e C hTA were  

sequenc ed direc tly by the  d a nsyl-Edman method .  The  r emainder o f  
pept id e ChTA was d igested with s .  aureus v8 prot ease and t h e  

pept id e s  produc ed were purified by paper electrophoresis and 

sequenc ed . The s equenc es of  peptides C hTM1 , GE/Y , C hTA and t h e  

s .  aureus v8 prot ease digest  peptides of  C hTA were a ligned t o  
rec onstruct the s equenc e o f  t h e  maleyl tryptic pept ide t hat 

contained peptid e T4 , and t herefore d e t ermine the  sequenc e  o f  

pept id e T4 : 

1 1 2 .  

Ser-Ala-Gly-Ala-Val-Val -Asp-Ile-Lys-S er-Gln-Gly -Glu-CMCys-Gly­

----"--'----
T 2 T 3 ='-----

--------------------------- ChTM2 ------=--------------

Gly-cMCys-Trp-Ala-Phe-S er -Ala-Ile-Ala-Thr-Val -Glu -Gly-Ile -Asn-

T -·�-----------------------
3 

Lys-11e-Thr-S er -Gly-S er-Leu-Ile-Ser-Leu-S er-Glu-Gl n-Glu-Leu-

- I  --------------- T4----------

------------- C hTA 

------- GE/Y ---------------

Ile-ABp-cMC78•Gly-Arg 
----- T4 ----

-------- ChTA ---

- GEa3-----­

QEa1 

----- GEa4 ----- 1 -

The aaino aoid c omposition , N-terainal , specific rad ioact ivity 
and trypt ophan cont e nt of pept ide C hTM2 indica t ed that this 
pept id e  correspond ed t o  pept id e  T2 and the N-t er�inal e equenc e 
ot pept id e T3 • Pe pt ide ChTM2 was c onfirmed to c ontain lysine 
because it waa located ott ot t he dia gonal in the pept id e  map 



( Fig. 3 . 1 0 . , page 61 ) .  The sequ enc e of pept ide ChTM1 indicat ed 

t hat the N-t erminal sequenc e  of t h e  pept ide contained the  

C -t ermina l  sequenc e  of peptid e  T3 , while t he C -t erminal sequenc e 

of  pe pt id e C hTM1 contained a new s ix residue sequenc e .  Pept ide 

C hTA was the C -t erminal peptid e  of the mal eyl trypt ic peptid e  as 

pept ide C hTA was t he only pept id e c ontaining arginine . The peptidea 

obtained by s.  aureus v8 prot ease d igestion of pept id e C hTA 

( GEa1 , GEa2 , GEa3 and GEa4 ) ind ica t ed the l ocation of t h e  two 

glutamic a c id residues and t he s ingl e  glutamine residu e .  

The sequenc e  o f  pept ide GE/Y provid ed t he overlapping s eque nc e  

for pept id es ChTM1 , C hTA , GEa2 and GEa3 , t o  c ompl et e the 

reconstruc t ion of t he mal eyl tryptic pept id e and provid e the 

s equenc e of  pept id e T4 • 

(Sec tion 3 . 4 . 5. , page 67 ) 

Pept id e T5 was purified by paper electrophoresis from pe ptid e T9 
which was pre sent in frac tion VI o f  t he S ephad ex G-50 c olumn 

elut ion profile ( Fig. 3 . 2 . , pages 4 1 , 42 ) .  Peptid e T5 was 

sequenc ed by the dansyl -Edman met hod whic h  showed that t he 

5 amino acid residues in the pept id e  were arranged in t h e  

following sequenc e :  

The resul t s  o f  the amino acid analysis and staining for spec ific 

amino acid s  o n  paper confirmed pept ide T5 c ontained arginine 

( Table 3. 1 1 . , page 6? ) .  There were two amide residuee in peptid e  T5 , 

aa from the mobility t his pept id e had a net charge of +1  at pH 6 . 5. 

( Sect ion 3 . 4. 6 . , page 68 ) 

Peptide T6 elut ed from the S ephad ex G-50 column in frac tion I 

( Fig. 3 . 2 . , pages 41 , 42 ) a nd was purified by DEAE•cellul ose 

c hro&atography from peptid e  T? in fra� t ion II ( Fig. 3 . 4. , 

pagta 4 5 ,  46 ) .  Peptid e T6 had a spec ific rad ioac tivity ( d pm/�ol ) 

t hat indicat ed there were 2 cys t e ine rtsiduea present in the 



pep t id e , out of  a t otal o f  43 resid u e s .  

This peptide was further degrad ed by digestion wit h 

c hymotrypsin ( Table 3 . 1 3 . , page 69 ; Fig. 3 . 1 2 . , page 70)  and 

1 1 4 .  

s .  aureus v 8  protease ( Table 3 . 1 4. ,  page 72 ;  Tabl e 3 . 1 5. , pa ge 73 ; 
Fig. 3 . 1 4. ,  page 74 ) .  The sequenc e o f  each peptide was aligned in 

the  following manner t o  rec o nstruc t peptide T6 : 

Gl,·CMCyi·As,-Gly-Gly-Tyr-Ile-Thr-Asp-Gly-Ph e -Gln-Phe-Il e - Ile-

1 C hTa5 I -- · - C hTa1 I -ChTN1 - I ---
1 C hTa4 I ------------- GEb ----------------- GEbChTa3 GEbChTa1-- I ·GEbChTN;I 

1 -'---­
Asn-Asp-Gly-Gly•Il e-Asn-Thr -Asp-Glu-Asn-Tyr-Pr o-Ty r-Thr-Ala-

------- GEb GEa ---------- GEbChTa2 ----- I -- GEaChTN - I ----
-- a 1 ---- I a2 I 
Gln;Asp-Gly-Asp-CMCys-Asp-Val-Ala -Leu-Gln-Asp-Gl n-Lys 

----- C hTa3 --------- I - ChTN2 - I 

---------------- GEa -----�-------------

-----�--------- GEaChTa --------------�--
D igest ion of  pept id e  T6 with c hymotrypsin produc ed s ix 

pept idea that were aequenc ed by the dansyl•Edaan method ( Tabl e 3 . 1 3 . , 

page 69 ; Fig. 3 . 1 2 , page 7 0 ) . In  pept id e  C hTa2 , the Tyr-Pro 

pept ide bond was not cleav ed by chymotrYpsin as the enzyme 4 oes 

not always cleave peptide bond s  formed by the taino sroup of 

proline (Kaaper , 1 975b ) .  Due to the large number ot aromati� 

and hydrophobic r eaiduea pre sent in peptide T6, d igestion o f  the 

p•pt id e with thermolyain resulted in a peptide mixture t oo 

c omplex t o  enable the determination of  overlapping sequenc e tor 

the alignment of the chymotryptic pept idea. The presenc e  of tive 

glutamic acid reaiduea in peptid e T6 , as indicat ed by t he amino 

aoid oompoaition , prompt ed t he diseation ot pept id e T6 with 



s .  aureus v8 prot ease to  det ermine whic h of  these residues were 
present as amides , and also t o  provid e s equenc e overlaps for 
alignment of t he c hymotryptic p ept id e s .  

S ep had ex G-25 chromatography of t h e  s .  aureus v8 prot ease 
digest of peptide T6 produc ed a single broad peak ( Fig. 3. 1 3 . , 
page 71 ) .  Peptid e mapping at pH 6 . 5 and pH 3. 5 showed only two 
peptides were present , one of which waa insolubl e at pH 3 . 5. 

1 1 5.  

This d ifferenc e  in solubility between the t wo pept id es was 
ut ilised t o  purify eac h  peptid e by selec tive precipitation of one 
peptide from solution at pH 3 . 5.  The acid soluble pept ide ( GEa )  
showed a single N-terminal aspart ic acid , and a s  t he pept id e 
contained lysine , it was therefore the c -t erminal s equenc e of  
peptid e T6•  The acid insoluble pept ide ( GEb ) showed a singl e 
N-terainal glyc ine and did not c ontain lysine. Both p e pt id es had 
a spec ific radioact ivity ( dpa/�ol ) that indicat ed 1 cysteine 
residue was present in each p e pt id e .  The large number of ac idic 
residues in pept id e T6 ( 1 1  aspart ic ac id and 5 glutamic acid ) 
c ould have made the d etermination ot amid e residues a 
c onsid erable task. However , digestion of peptid e  T6 with 
s. aureus v8 prot ease showed t hat there was only one glutamic 
acid residue present in the pept ide , and four glutamine residues. 

Chymotrypain d igestion of pept id e  GEa produc ed two pept id ea 
( 1able 3• 1 5. , page 7' ; Fig.  3 . 1 4 . , page ?4 ) :  peptid e  GEaChTa 
contained 11sine an4 overlapped pept id ea C bTa3 and ChTN2 1 
pept id e GEaC hTN had an asparagine N-t erminal as it was neutral at 
pH 6 . 5 , and correspond ed to t he a -terminal sequence of peptid e  
C hTa2 • With the knowledge that pept ide ChTN2 was neutral at 
pH 6. 5  and c ontained two glutamine residues , the pept id e th�refore 
contained one aspart ic acid residue. 

Chymotry psin digestion of pept id e  GEb produced four peptides 
( Tabl e 3 . 1 5. , page 73 ; Fig. 3. 1 4 . ,  page ?4 ) .  Peptid ea GEbChTa3 , 
GEbChTa1 and GEbChTN1 c orrespond ed t o  peptid es ChTa5 , C hTa1 and 
C hTN1 respeo tively • and these pept id es were overlapped by peptid e  
C hTa4 which ••• obtained i n  low yield and was a n  iaoomplet e 
ohymotrypaiA digeat produc t of peptide T6• Peptide GEbChTa2 , 



t ogether with pept id e  GEaChTN , correspond ed to the sequenc e  of 

pept ide ChTa2 • Pept ides C hTa5 , C hTa4 , GEbChTa3 , ChTa3 and 

G EaC hTa each had a specific radioac tivity t hat ind icated 

1 1 6 .  

1 cysteine r esidue was present i n  eac h pept id e ,  and the location 

of the cyst eine residue in each p eptid e was confirmed by 

d et ermination of t he rad ioactivity after each cycle of the 

Edman degradation. 

The elec trophoretic mobility of peptide GEbChTa2 showed t hat 

the pept ide had a net c harge at pH 6 . 5 of -3 , which ind icat ed 

t hat the peptid e contained two amid e residues. To solve t his 

problem , pept id e GEbChTa2 was d iges ted with thermolysin t o  

produce two pept ides : a 1 a nd a2 • These two pept ides were 

s equentially d egrad ed by the Edman proc edure .  The pept id e  

mobilities for bot h  peptides after each cycle o f  the Edman 

d e gradat ion were plott ed on an Offord pept id e  mobility d iagram 

{ Fig. 3 . 1 6. , pages 76 , 71 ) . The results  show t hat the f ourt h 

r esidue in both peptid e s  a 1 and a2 is an aspart ic acid , as a 

c harge c hange o f  -1 occurred after removal of  this res idue from 

each peptid e .  The third residue in peptid e a 1 and t he sec ond 

residue in peptid e  a2 are asparagine aa t here was no c harge 

c hance in the peptid e  on r emoval of t he s ec ond residue . 

( S ection 3 . 4 . ?. , page 78 ) 

Pept ide T7 elut ed from the Sephad ex G•50 column iQ trac t ion l i  
( Fig. 3. 2 . , pages 4 1 ,  42 ) and was purified by DEAE-cellul os e  

c hroaatography from peptid es T6 and T8 i n  fractions I and I I I  

respec tively ( Fig. 3 . 4 . ,  pages 45 , 46 ) .  Pept ide T7 was not 

radioactive ind icating t hat the pept ide d id not contain cyst eine. 

Pept ide T7 contained 39 residues . 

This peptid e was further degrad ed by d igestion with 

c hymotrypsin ( Table 3 . 1 7. , page 79 ; Fig. 3 . 1 7. , page 80 )  and 

s .  aureus V8 protease (Table 3. 1 8. ,  page 82 ;  Table 3. 1 9. , page 83 ;  

Fig. 3. 1 9. , page 84 ) �  The sequenc e of each peptide was a ligned in 

the tollowibg manner to rec onstruc t peptid e  T7 : 



Ty�-�-�-1!?-As,-Thr-Tyr-Glu-Asn-Val-Pro-Tyr-Asn-Asn-

1 C hTa2 I C hTa4 I - C hTa3 
I G� G� 
Glu-Trp-Ala-Leu-Gln-Thr-Ala -Val-Thr-Tyr-Gln-Pro-Val-S er-

-- 1 ---------------------------- GE1 -------------------------- GE1 PN1 
Val -Ala-Leu-Asp-Ala-Ala-Gly-Asp-Ala-Phe-Lys 

---------- C hTa1 ---------

1 1 7.  

Peptid e  T7 was d igested with chymotrypsin producing six 
pept id e s  that were sequenc ed by the dansyl-Edman method .  s .  aureus 
v8 prot ease was used in preference to t heraolysin t o  obtain 
overlapping sequenc e  tor t he alignment of the c hymot ryptic 
pept id es 1  because l ike peptid e T6 , a c omplex peptid e  digest was 
obtained from peptid e  T7 wit h t hermolysin. s. aureus VB pro t ease 
produc ed three pept id e& ( GE1 , GE2 and GE3 ) which were initially 
separat td on a Sephad ex G-25 c olumn ( Fig. 3. 1 8. ,  page 8 1 ) . 
Peptid ee GE2 and GE3 could b e  purified by paper t echniques and 
were aequeno td directly by the dansyl -Edaan aetho4. Peptid e GE3 
had the saae N-t erm1nal sequenc e as pept ide T7 and overlapped 
pept 1dea ChTa2 and ChTa4• Pep t ide GE2 overlapped peptide& ChTa4 

and C hTa3 • A rapid Edman degradation of peptide GE1 c onfirmed 
t he N-t erainal sequenc e of t his peptid e  and provided 
overlapping sequenc e for pept id ea ChTa3 and ChTN1 • The locat ion 
of the tryptophan residue tha t  was present as the N-t erminal 
residue of peptid e GE1 a nd present as the c -t erainal residue o f  
peptid e C hTa3 , was confirmed b y  staining aaaples of each peptid e  
for trypt ophan after each cyc l e  of t h e  Edman degradation. 
Di&•ation of pept id e  GE1 wit h pepaia produced three peptid ea : 
peptid e GE1 P.N1 overlapped pept idea ChTN1 and ChTN2 ; pept id e  
GE1 PN2 c ontained the c-terainal sequenc e of peptid e  ChTN2 ; a nd  
pept ide GE1 Pa proTided the C •t erminal region of peptide T6 
confirming pept id e  C hTa1 • 



Examination of the net charge , as det ermined from the 
electrophoretic mobilities at pH 6. 5 , on each of the peptides 

1 1 8 . 

from the c hymotrypsin , s. aureus v8 prot ease and pepsin digestions , 
enabled the determination of all of the amide and acid residues 
in peptide T7 • 

Peptide T8 : (Section 3 . 4. 8 . ,  page 86 ) 

Peptid e T8 eluted from the Sephadex G-50 column in fraction III 
(Fig. 3 . 2 . ,  pages 41 ,  42 ) and was purified by DEAE-cellulose 
c hromatography from peptide T7 in fraction I I ,  and peptid es T3 and 
T1 1 in _ f rkction IV (Fig. 3 . 4 . ,  pages 45 ,  46 ) . Peptide T8 had a 
specific radioactivity (dpm/�ol ) that indicated 1 cysteine 
residue was present in the peptid e , out of a total of 36 residues. 

This p eptide was further degraded by digestion with 
chymotrypsin (Table 3 . 2 1 . ,  page 87 ; Fig. 3 . 2 1 . ,  page 88 ) and 
s .  aureus v8 protease ( Table 3 . 22 . ,  and Table 3. 23 . , page 90 ) . 
The sequence of each peptide was aligned in the following m&nner 
to  reconstruct peptid e T8 : 

�-!l7-�·Ser-Gly-Il e-Phe-Thr-Gly-Pro-cMCys-Gly-Thr-Ala­

l ChTN1 I ChTa1---­
GE1 

Val-Asp-His-Ala-Ile-Val-Ile-val-Gly-Tyr-Gly-Thr-Glu-Gly­

ChTa2-­
GE1---------------- I --

GE1 Pa1 

Gly•Val-Aep-Tyr•Trp-Ile-Val•Lya 

-------- 1 - ChTb - I  
GE2 I 

1 - GE Pa ----- 1 1 2 

Peptide Ta wae digested with chymotrypsin producing four 
peptid es t hat were sequenc ed by the danayl-Edman method . 



s .  aureus v8 protease was used in preferenc e  t o  thermolysin to 
obtain overlapping sequenc e for the alignment of the 
chymotryptic peptides .  Digestion of peptide TB with s. aureus 
v8 protease produced two peptides (GE1 and GE2 ) which were 
separated on a Sephadex G-25 column ( Fig. 3 . 22 . ,  page 89 ) .  

Peptide GE2 was purified by paper t echniques using the BAWP 
chromatography solvent . The peptide d id not migrat e on paper by 
electrophoresis at pH 6 . 5  or pH 2 . 1 , or in the BAW 

chromatography solvent . Pept ide GE2 c ontained tryptophan and 
tyrosine as well as lysine , which showed it was the c-terminal 
sequence of pept ide T8• Peptide GE2 overlapped peptide ChTa2 , 
which contained tryptophan ,  and peptid e ChTb , which was the 
C-t erminal chymotryptic peptide .  The location of the tryptophan 
residue in peptides ChTa2 and GE2 was confirmed by staining a 
sample of each peptide for tryptophan aft er each cycle of the 
Edman degradation. A rapid Edman d egPQdation of pept id e GE1 
pt6vided an N-terminal sequenc e  the same as that obtained for 
peptid e  Ts confirming that peptide GE1 corttained the N-t erminal 
sequenc e  of pept ide T8• Digestion of peptide GE1 with pepsin 
produc ed two peptides : peptide GE1 Pa1 overlapped peptides ChTN1 
and ChTa1 ; peptide GE1 Pa2 overlapped peptide& ChTa1 and ChTa2• 

1 1 9 .  

Examination of th e net charge a a  d etermined froa the mobility 
at pH 6. 5  of eac h of the peptides from the chymotrypsin, 
s . aureua v8 prot ease and pepsin digestions , enabled the 
det ermination et all of the amide and acid residues in peptide  T8• 

( S ection 3 . 4 . 9. , page 92 )  

Pept id e T9 was purified by paper elec trophoresis from peptide T5 
which was present in fraction VI of the Sepbadex G-50 column 
elut ion profile ( Fig. 3 . 2 . , pages 41 , 42 ) . Peptide T9 was 
sequenc ed by the dansyl-Edman method which showed that the 
reaidues in the peptide were arranged in the following 
sequenc e : 

�-�·TrrAsr�-�-Tr,-Glr�-�-al,-Tzr�-Ar' 

1 - ChTN - 1 -- ChTa2 -- I ChTa1 1 -ChTb - I 



The results of the amino acid analysis showed that the 
peptide c ontained methionine , and together with the results of 
staining for specific amino acids on paper , confirmed that the 
sequenc e of peptide T9 contained tryptophan and arginine 
(Table 3 . 24 . ,  page 92 ) . No amino acid c ould be id e nt ified for 
either the third or seventh residues in the sequence as 
determined by the dansyl-Edman method , which suggested that 

1 20.  

these positions were occupied by tryptophan. The location of the 
two tryptophan residues was c onfirmed by d igestion of peptide T9 
with chymotrypsin and analysis o f  the chymotryptic pept id es 
( Table 3 . 25. , page 93 ) . Peptides ChTN and ChTa2 were both found 
to contain tryptophan by staining a sample of each peptide for 
tryptophan aft er each cycle o f  the Edman d egradat ion. The 
presenc e  of two aromatic residues in peptide T9 explained why 
this peptide was retarded on the Sephad ex G-50 column (Fig. 3 . 2 . , 
pages 4 1 ,  42 )  and eluted in frac tion VI ( Porath ,  1 960 ) .  

The amide and acid residues in peptide T9 were determined 
from the electrophoretic mobilities of the chjmotryptic pept id es , 
which agreed with a net charge oi -2 for peptide T9 as 
determined from t h e  electrophoretic mobility of the  whole 
pept id e .  

( Section 3. 4 . 1 0. , pag& 94 ) 

Peptide T1 0  was purified by paper elec trophoresis from 
peptides T 1 and T 1 2  which were present i n  fraction VII of t h e  
Sephadex G-50 column elution profile ( Fig. 3. 2. , pages 4 1 ,  42 ) .  
Pept id e T1 0  was sequenc ed by the dansyl-Edman method which 
showed t hat the 3 amino ac id residues in the pept id e were 
arranged in the following sequenc e :  

�-�·Ar' 

The results of the amino acid a nalysis a nd staining f or specific 
amino acids on paper c onfirmed that the sequence of peptid e  T1 0 
contained arginin� (Table 3 . 26 . ,  page 94 ) .  There were no amid e 
rtlidues in pept id e T1 0• 



Peptid e T1 1 :  ( S ect ion 3 . 4. 1 1 . ,  page 95 ) 

1 2 1 . 

Peptid e T1 1  elut ed from the S ephad ex G-50 c olumn in fract ion IV 
( Fig. 3 . 2. , pages 4 1 ,  42 ) and was purified by D EAE-cellul ose 
c hromatography from peptides T3 and Ts that were pres e nt in t his 
traction ( Fig. 3. 4 . ,  pages 45 ,  46 ) . Peptide T1 1  had a spec ific 
radioactivity (dpm/�ol ) that ind icated t here was 1 cyst eine 
r esidue present in the peptid e , out of a t otal ot 1 9  residues 
( Table 3 . 27. , page 95) .  

This pept id e  was further d e graded by d igestion wit h 
thermolysin ( Table 3 . 2 8. ,  page 96 ; Fig. 3. 24 . ,  page 97 ) and the 
s equenc e  o t  each ot t he t hree pept ides obtained was aligned in 
the  !ollowiag manner t o  reconstruc t  peptid e  T

1 1
� 

�-�-Gl,-Gl;-�•Gly-Thr-cMCys-Gly-Ile-Ala-Thr-Met -Pro-

1 Tha I ThN ----
S er-Tyr-Pro-Val-Lys 

---- 1 - Thb - 1 

A rapid Edaan degradation of peptid e T1 1  gave t he same 
N-terminal sequence as t hat ot peptid e Tha • Peptide Tha had a 
spec ific radio•ctivity (dpm/�ol ) which indicated that it 
c ontained 1 otat eine �esidue. The location ot the crst eine 

reel4u• in t he 9ep• 14 1 was d tterm1�•4 by t h• d& nayl•Edaan met hod , 

and c onfirmed by d et erminins at whio h stage at tbt Edaan 
d egradation the rad ioact ive residue was removed . Peptide Thb waa 

t he on11 pept ide cont aining lysine and waa t here fore t he 
C -t erainal sequenc e  of pept id e  T1 1 • 

Although jeptid e  1 1 1 contained one tyrosine residue , the 
pept id e  waa not diges t ed by chymotrypsin because t his residue 

was present in the 8equence ; Tyr-Pro , and peptid e  bond s  
involving the iaino group of prol ine are not always cleaved by 
c hymotrypsin (Kasper , 1 975b ) .  

There wal one amide residue i n  peptide T1 1  as t his pept id e  
wa• neutral a t  pH 6. ,. The singl e amide residue . ,ap&ragine , waa 



l ocated at the N-t erminus of pept id e T1 1  which was c onsist ent 
with t he pept id e staining y ellow on paper with ninhydrin. 

( S ec tion 3 . 4 . 1 2 . , page 98 ) 

Pept id e  T1 2  was purified by paper electrophoresis from 
pept id es T 1 and T 1 2  which were present in fract ion VII of t h e  
S e phad ex G-50 elution pro file ( Fig. 3 . 2 . , pages 4 1 ,  42 ) . 
Pept id e T1 2  was sequenc ed by the dansyl -Edman method whic h 
showed that the residues in t he pept ide were arranged in the  
following sequenc e : 

The results o f  the amino ac id analysis a nd  staining for 
spec ific amino acid s  on paper c onfirmed that the sequenc e o f  
pep t id e  T1 2  contained tyrosine (Tabl e 3 .. 29. , page 98 ) .  There 
were two amide residuea in peptid e  T1 2 , as this pept id e was 
neutral at pH 6. 5. 

1 22 .. 

Peptid e  T1 2  was the only tryptic pept ide that d id not c ontain 
a basic residue ( no lysine or arginine ) which suggested t ha t  this 
pept id e  was the c -terminal t ryptic pept id e  of actinidin. This 
suggest ion was c o nfirmed by analysis of cyanogen bromid e 
fragments of actinidin and a carboxypept idase A experiment , both 
ot whic h are d iscussed in the next sect ion. 

Sec t ion 4. 5.  The c -terminal region of actinidin : 
( S ection 3 . 5. , page 99 ) 

C arb oxypept idase A d igestion of the S -sulphe�l thiosulphate 
d e� ivative of ac t i nidin , or actinidin t hat had been act ivat ed 

with d it hiothreit ol ,  d id not release any amino acids from t he 

C -t erminue . Ac id d e na turation of act inid in , followed by 
d iges tion with carboxypept idase A ,  released the following aaino 



1 23 .  

acid r e s idues : 2 asparagine , 1 tyrosine , 1 lysine a nd 1 vali ne , 

whic h were d et ermined by amino ac id analysis . From t he t hr e e  

d imensional struc ture o f  a c tinid in ( Baker , 1 976b ) ,  it  appears 

l ikely t hat the prot ein mol ecul e requir es s ome d e naturation t o  

make t h e  C -t erminal region o f  t h e  primary s e quenc e acc essible t o  

a n  exopeptidase . 

1 4  T o  c onfirm t he c -t erminal r e gion, carboxy l c2 l me t hyl 

ac t inid i n  was reac t ed with cya nogen bro�id e and the pept id e  

fragment s produc ed were initially separat ed o n  a Sephad ex G-50 

c ol umn i n  two frac t io ns ( CB-I and CB-II+III ) ( Fig. 3 . 25. , 

page 1 00 ) .  Fract ion CB-I was rad ioact ive a nd  elut ed at the 

excl usion l imit of t h e  gel col umn. The front port ion of the peak 

c orrespond ing to fra c t ion CB-II+III  was rad ioactive and t his 

frac t ion wa s rechromat ographed on Sephad ex G-25 which separa ted 

the mat erial int o fract ions C B - I I  a nd CB-III , of which CB-I! wa s 

radioac t ive ( Fig. 3 . 2 6 ,  page 1 00 ) .  Fra c tion CB-III wa s shown t o  

c ontain one pure pept id e whe n sub j ec t ed t o  paper electrophor esis . 

The 9 r esidues in this pept id e were det ermined t o  be arranged in 

the  foll owing sequenc e  by the  da nsyl-Edman method : 

Pept id e CB-III d id not c onta in homoserine or homoserine 

lact one suggesting t hat it was t h e  c -terminal cyanogen bromid e 

frarment . rne c -t erm1nal region o f  peptid e  CB·I I I  c orrespond ed t o  

the aequ e nc e  of the t ryptic pept id e T1 2  ( S •c t ion 3 . 4 . 1 2 . , page 98 ) ,  

a nd c o nt ained all o f  the residues released by carboxypept idase A 
( S e c t ion 3. 5. 2 . ,  page 1 02 ) .  Pe pt id e CB-III  provid ed an overlap 

between t h e  trypt ic peptides T 1 1  and T1 2 • 

Frac t ion CB-II s epara t ed int o  two c omponents ( CB•IIa1 a nd 

CB •IIa2 ) when sub j ec t ed t o  paper elec trophoresis. Theee t wo 

c omponent s had the sam e amino ac id c omposit ion and N-t erminal , 

and both had a similar spec ific rad ioac t ivity ( d pm/�ol ) ,  

ind icat ing that t here was one cy - t e ine resid u e  present in each o f  

t he pept id e d , out o f  a t ot al o f  1 7  re sidues. The yield of  

pep t id e  CB�ll� wa s � i x  t imes t ha t  of pept id e  CB·II�1 ( Tabl e 3 . 30. , 



page 99 ) .  Pept id e CB-IIa 1 was d igest ed with chymotrypsin 

( Table 3 . 3 1 . , page 1 01 ) a nd t he pept id es were s e qu e nc ed by t he 

d a nsyl -Edman method to provid e the following sequenc e  for 

pept id e C B- I Ia1 : 

1 24 .  

Ar,-�-�-Ar,-�-�-Gly-Gly-Ala -Gly-Thr-cMCys-Gly-Il e-Ala -Thr -Met 

1 -·  C hTb - 1 C hTa I 

Pept id e CB- IIa1 was init ially sequenc ed by t he dansyl -Edman 

method for t he first six residues which provid ed sequenc e t hat 

overlapped pept ides C hTb a nd C hTa . The  locat ion of t he cyste ine 

r esidue in  pept ide C hTa was d et ermined from the sequenc e a nd 

c o nfirmed by d e t ermining at whic h stage of t he Edman degradat ion 

t h e  rad ioac t ive group wa s removed . The amino ac id c omposition of 

peptide C hTa showed t he pept id e c ontained homoserine a nd homoserine 

lac t one , whic h indicat ed t hat the pept ide  was not t he c -t erminal 

cyanogen bromid e fragment of act inidin.  Peptid e CB-IIa2 was 

found t o  have t he same sequenc e  as  pept id e CB-IIa 1 • 

Two pept id e  fragment s were obta ined bec ause the  c -t erminal 

m e thionine of fragment CB-II  is converted t o  homoeerine lac t one 

( a  neutral residue ) during the cyanogen bromide reac t io n ,  a nd 

homos erine lac t one is in  e quilibrium wit h homoserine ( a n  a c idic 

r esidue ) ,  even under ac id ic conditions ( Armetrong , 1 949 ) .  Ae a 

result , i proportion of fra�ent CB-II  c ontained homoserine 

l a c t o ne (CB•IIa2 ) and was more basic than pept id e  CB-Ita 1 
whic h contained homos erin e .  On ac id hydrolysis , pept id es CB•1Ia 1 
a nd CB-IIa2 both conta ined homo aerine lac tone and homo aerine 

because homoeerine can cycl1se t o  homoserine lac tone und er strong 

acid c ond it ions ( Gross , 1 967 ) .  

Sec tion 4 . 6. Alignme nt of the trypt ic pept id e& of act inidin : 

The ami no ac id d omposit ions o f  each trypt ic pept id e as 

d e t ermined from the sequenc e s  of t he pept id es ( Sect ion 3 . 4 . , 

pages 4? t o  98 ) are tabulat ed and c ompared (Table 4. 2 J t o  the  



1 25 . 

t otal amino ac id c omposit ion obtained for ac t inid in ( S ec tion 3 . 2 . , 

page 3 9 ) . The resul t s  o f  the t rypt ic pept id e  seque nc e s  Rre i n  
agr e em e nt with t he total amino ac id c omposit ion o f  ac t inidin.  

The al ignment o f  the try pt ic pept id es t o  rec ons t ruc t the 
� imary s equenc e of act inid in ( Fig. 4 . 1 . ) was d et ermined , in pa rt , 
wit h i nf ormat ion from cya noge n bromid e fragment s , a nd informa t ion 

from the trypt ic peptid e s  o f  maleylat ed c arboxyme thyl ac t inid in . 
The al ignment o f  t h e  t rypt ic pept id es wa s complet ed with 
informat ion from the three  d imensional x-ray cry stallographic 
st ruc ture of act inidin ,  whic h  also confirmed the s e quenc e 
overlaps obtained by chem ic al method s . 

Rea c t ion ot c arboxymethyl act inidin with cyanoge n bromid e 
produc ed three fragment s : C B-I ( 1 94 re sidues ) , C B - I I  ( 1 7 residues ) 
and C B- I I I  ( 9  residues ) . Fragment CB-III contained t h e  

c -t erminal sequenc e  of ac t i nid in because it was the only cya nogen 
bromid e fragment not cont aining homoserine lac t o ne or homos erine , 

and fragme nt CB-III  contained all of the  amino ac id s  that were 
released by carboxypeptid ase  A in t he c -t erminal s e quenc e of  the 
fragme nt . Fragment CB-III overlapped t ry ptic pept id es T 1 1 and T1 2 • 

The N-t erminal $ dquene e of fragme nt C B-II overlapped trypt ic 
ptpt id es r

9
, T 1 0  and T 1 1 • Pept id e  T

9 
wa s the only t rypt ic 

p ept id e with a Met •Arg sequ e nc e a nd T 1 0 was present in the 

sequenc e ot fra gment C B-I I .  The N- t ermina l region of pept id e T 1 1 
c o nt aining a rad ioac t ively labell ed cy s t e ine r e s id u e  was pre sent 
in t h e  C -t erminal s e q u e nc e  of fragment CB-II. 

Tryp t ic digest ion of mal eyla t ed carboxymethyl a c t i nid in t hat 

was rad ioa c t ively labelled at t h e  a c t iv e  sit e cyst eine residue , 

produc ed a rad ioac t ive pept id e c ont a ining 50 residues , from 

which t he sequenc e of pept id e T4 was d et ermined ( S ec t ion 3 . 4 . 4 . , 

page 59 ) .  The sequences of t he peptid es obtained from a 

c ny�otrypsin d igest ion of t h e  rad ioac t iv e  maleyl t ry p t ic pept id e ,  

and t he p e ptid e  obtained by d igest ion ot t he mal eyl t ry pt ic 

p e pt id e  with s .  aur eus V8 prot ease , al igned pept id es T2 , T3 a nd  
T4 • T h e  l ocat ion of pept id e r4 was c onfirmed by it b e ing t ha only 



Tabl e 4 . 2 .  C omparison o f  the amino acid c omposit ion o f  ac t inidin with t he 

amino acid c ompositions of the trypt ic peptid es as d et ermined from 

from the amino acid sequenc e  of each pept id e .  

Amino acid Trzfti.c Eeftid e  Amino 8 c id 

( Number o f  residues )  c om;eosition of 

T
1 

T
2 T

3 
T · T

5 
T

6 T
7 

TR T
9 

T
1 0 T

1 1  
"' act inid in � �� .. 1 2  

His - - - - - - - 1 - - - - 1 

Lye - 1 1 - - 1 1 1 - - 1 - 6 

Arg 1 - - 1 1 - - - 1 1 - - 5 

Asp 1 1 1 1 1 1 1  6 2 2 - 1 2 2 9  

Thr - - 1 1 2 3 4 3 2 - 2 - 1 8  

S er 1 1 2 4 - - 1 1 1 - 1 - 1 2  

Glu - - 3 3 1 5 4 2 2 - - - 2 0 

Pro 1 - - - - 1 2 1 - - 2 - 7 

Gly - 1 4 2 - 7 1 7 2 - 4 - 2 8  

Ala - 2 3 - - 2 6 3 - - 2 - 1 8  

Cys - - 2 1 - 2 - 1 - - 1 - 7 

Val 1 2 1 - - 1 5 5 - - 2 - 1 7 

Met - - - - - - - - 1 - 1 - 2 

I le - 1 2 3 - 4 1 4 - 1 1 - 1 7  

Leu 1 - - 3 - 1 2 - - 1 - - 8 

Tyr 1 - - - - 3 4 3 1 - 1 1 1 4  

Phe ... - 1 - - 2 1 1 - - - - 5 

Trp 1 - 1 - - - 1 1 2 - - - 6 

� 

Tota1 8 9 2 2  1 9 5 43 39 36 1 4  3 1 9  3 220 1\J 
0'\ 
• 



1 0  
H2N-Leu-Pro-S er-Tyr-Val -Asp-Trp-Arg-S er-Ala-Gly-Ale.-Val-Val -Asp-Ile 

I T 1 I T2 2 0  30 

1 27 .  

Lys -S er-Gln-Gly-Glu-Cye -Gly -Gly-Cys -Trp-Ala-Phe-S er-Ala-Il e -Ala-

- 1--------------- T3 40 
Thr -Val-Glu-Gly-Ile-Aen-Ly s -Ile-Thr -S er-Gly-S er-Leu-Ile-S er-Leu-

50 60 
S er -Glu-Gln-Gl u-Leu-Ile-Asp-Cys-Gly-Arg-Thr-Gln-Asn-Thr-Arg-Gly-

1 T5 1 -

70 80 
Cy e-Asp-Gly-Gly-Tyr-Il e -Thr -Asp-Gly-Phe -Gln-Phe-I le-Il e -Asn-Aep-

T6 
90 

Gly-Gly-Ile-Asn-Thr -Asp-Glu -As n-Tyr -Pro-Tyr -Thr-Ala-Gln-Asp-Gly 

T6 1 00 1 1 0  
Aep-cys-Asp-Val -Ala-Leu-Gln-Asp-Gln-Lys-Tyr-Val -Thr-Ile-A sp-Thr-

120 
Tyr -Glu-Aan-Val-Pro-Tyr-As n-Aan-Glu-Trp-Ala-Leu-Gln-Thr -Ala-Va l -

T7 1 30 1 40 
Thr -Tyr-Gln-Pro-Val -S er-Val -Ala -Leu-Asp-Ala -Ala-Gly-Aap-Ala -Phe-

1 50 
T7 1 60 

Lya-Gln-Tyr •Ala-S er-Gly-Ile -Phe -Thr -Gly-Pro-cys-Gly-Thr •Ala-Val -
-- 1 T8 1 70 
Aap•His-Ala a ile -Val •Ile-Vsl •Gly -Tyr-Gly-Thr.Qlu -Gly•Gly-Val -Aep• 

Ta 1 80 1 90 
Tyr -Trp-Il e-Val -Lys -Aan-S er-Trp-Asp-Thr-Thr•Trp-Gly-Glu-Glu-Gly-

1 
200 

T9 

Tyr-Met -Arg-Ile-Leu-Arg-Asn•Val -Gly-Gly-Ala•Gly-Thr-cya-Gly-Ile-

----- 1 - T -- 1 T 
2 1 0  1 0  220 1 1  

Ala -Thr-Met •Pro -S er-Tyr-Pro-Val -Lye •Tyr •AeA•Aan-cOOH 

-------------- 1 - T12--
1 

Fil• 4. 1 .  Alignment of the  trypt ic peptid ts of aetin1din. 



pept id e o f  t hese t hree t hat c ont ained arginine ; pept id e& T2 and 

T3 both c ontained one lysine residue which was mal eylat ed , thus 

prevent i ng cl eavage of the  pept id e chain with trypsin at  these  

positions . The remaining trypt ic pept id es of ac tinid in were 

1 2 8 .  

aligned with t h e  aid o f  t he t hree  diaensional x-ray 

crystallographic struc ture o f  act inidin determined by Dr E. N .  Baker 

( 1 976b ) , and t his information was also used to c onfirm the 

overlaps of the tryptic peptid e &  that were determined !roa 

cyanoge n bromide fragment s and the maleyl tryptic peptide&.  

The d egree of homol ogy between the ac t ive sit e 

a�ino acid s equences from actifiid in a nd some 

other plant t hiol prot eases : 

There is considerable homol ogy between the amino acid 

sequenc es about the  essential cyst eine residue of the plant t hiol 

prot eases ( Fig. 1 . 2 . , page 4 ) .  Comparison of the amino acid 

sequence about the essent ial cyst eine r esidue of act inid i n ,  with 

the s e quences availabl e for other plant thiol prot ease& ( Fig. 4. 2 . ) ,  

shows t hkt  this s e�uence homol ogy is als o  ext ended t o  act inidin. 

act inid in8 

papainb 

!ici�c 

bromelaind 

chymopapaine 

Fig. 4 . 2 .  

1 5  1 6  1 7  1 8  1 9  20  2 1  2 2  2 3  2 4  2 5  26g 

Asp-Il e-Lys-S er•Gln-Gly-Glu-cya-Gly-Gly-CySH!Trp 

Pro-Val-Lys-Aan-Gln•Gly-S er-cys-Gly-Ser-cySH-Trp 

Pro•Ile-Arg-Gln•Gl n•Gly-Gln•Cys-Gly-S er-cySH-Trp 

Asn-Gln-Asp-Pro-cys-Gly-Ala-cysH-Trp 

Lys-Arg-Val-Pro-Asp-Ser-Gly-Glu-cySH-Tyr 

Amino acid sequenc es containing the essential 

cyst eine in s ome thiol prot eolytic enzyaea .  

a 

b 

c 

d 

• 

t 
g 

As det ermined in this study 

Light et al , 1 964. 

Wong aftd Liener , 1 964 ; Rusain and Lowe , 1 9?0b. 

Huaain and Lowe , 1 970c • 

Taunoda a nd Yaaunobu , 1 966. 

CySH repre sents the essential cysteine residue.  

Numbering o f  residues as !or the s equenc e 
ot papain and act inidin. 



From Fig. 4. 2 . , it  appears l ik�ly t hat glutamine 1 9 ,  

cysteine 22 , glyc ine 23 , cyst eine 2 5  and t ryptophan 2 6  are 

r esidues t hat are c onserved in the  active site r egion. 

1 29.  

As well  a s  t he high d egr ee of homology among t h e  amino a c id 

sequenc es about the e s s ential cy s t eine residue in the plant thiol 

prot eas e s , c omparison o f  the amino acid s equenc es about t he 

ac t ive sit e histid ine residue also show c onsiderable homol ogy . 

Involvement o f  a his t id ine re sidue in the ac tive site of  pla nt 

t hiol pr ot eases was d emonstrat ed by the b ifunc tional rea gent 

crossl inking experiment s o f  Husain and Lowe ( 1 96 8a , 1 968b , 1 970b,  

1 970c ) .  C omparison of t h e  amino ac id sequenc e about the hist idine 

residue of ac t inidin , with the  c orresponding sequence s  of ot her 

plant t hiol prot eases , demonstra t e s  a consid erable d egre e  of 

s equenc e homol ogy ( Fig. 4 . 3 . ) .  

The st udies of t he  act ive sit e t hr ee d imensional struc ture o f  

ac t inid in ( Baker , 1 976b ) show t ha t  it i s  very similar t o  the 

ac tive sit e struc ture of papain ( Dr ent h et al , 1 96 8b ) , indicat ing 

t ha t  similar residue s are invol ved both at  the hyd rophobic 

binding s it e  and in t h e  region c ontaining the essential cyst eine , 

histid ine a nd trypt ophan residues ( Fig. 1 . 3 . , page 5 ) .  

Furthermore , the amino ac id residu e s  involved in t he ac t ive sit e 

ot act inidin come from wid ely different regions of t he priaary 

amino ac id sequenc e , in agreement wit h the findings tor papain 

( Drtnth et �1 , 1 968b ) .  This indicates  that a large proport ion ot 
the pro t e in mol ecule is required to ad opt a part icular 

c onformat ion that is c ontrolled , t o  some ext ent , by t he ac tive 

site struc ture of these enzymes.  



8 
actinidin 

b 
papain 

ficin� 
d e t ea bromelain 

e Thr-Gly-Pro-cyo-Gly -Thr-AlatVal -Asp-Hio -Ala Il e-Val -Ile -Val -Gly-Tyr 
Val-Gly-Pro-cys -Gly.-Asn-Ly s  Val -Asp-His-Ala-Val-Ala Ala -Val -Gly-Tyr 
Thr-Gly-Pro-cys-Gly-Thr -S er-Leu 

Hie-Ala -Val +Thr -Al � -I l e -Gly -Tyr 

Fig. 4. } .. Amino ac id seque nc e s  about the histid ine re sidue 
in the ac tive sit e of some plant t hiol prot eases . 

a As d et ermined in this stud y .  
b Husain and Low e , 1 968a , 1 968b ; Light et �1 , 1 964. 
c Husain and Low e , 1 970b . 
d Husain and Low e , 1 970c . 
e 

Ac t ive sit e his t id ine·. 

_. 
VI 
0 • 



1 3 1 .  

Section 4 . &. The degree o! homology b etween t he primary amino 

acid sequence of a c t inidin and other plant t hiol 

prot eases : 

For a group o f  prot eolyt ic enzymes such as the pla nt thiol 

prot eases t o  have evolved !rom a c ommon ancestral prot e i n ,  as f or 

exampl e the cytochrome c prot e ins appear to , it c ould be expect ed 

t hat t here would be a consid erabl e d e gree of homology among the 

primary sequenc e s  of these thi ol prot eases.  The high d egre e  of 

homology in the ac tive sit e region among t he plant thiol prot e a se& 

already d iscussed , support s t he find ing that these e nzyaes have 

similar kinetic propert ies ( Glazer and Smith , 1 97 1a ; Boland and 

Hardma n ,  1 973 ) .  From the s�ilarity b etween the t hr e e  d imensional 

structure of ac tinidin and papain , it is likely t hat regions 

within t he primary sequenc es of the mole cules , suc h  as the 

disulphide brid ges , would s how c onsid erable sequenc e homology .  

C omparison of the available amino acid sequences about the  

cysteine residues of actinidin and other plant thiol prot e a s e s  

( Fig. 4 . 4. ) ,  does i n  fac t show t hat t h er e  is a c onsid erable 

degr e e  of hoaology. The thr e e  d isulphide bridges in papain w er e  

found to  b e  between cyst eine residues : 22 and 63 , 5 6  and 95 , 

1 5 3  and 200 • It is therefore l ikely t hat t here are t hree 

disulphid e brid ges in actinidin as thie prot ein also c o ntains 

StYtn creteine residues . and by homology with papain • the 

disulphide brid ge� art likelt to b e  formed between t he 

c orrespond ing cyat e1nt residuee. 

TA&r• is also a substantial aaount of homology among the 

plant t hiol prot eases in ot her regions of the sequenc es , as 

indicat ed by the boxed regions in Fig. 4 . 4  • •  The d egree of 

similarity aaong t h• sequenc e s  is even greater when it is 

consid ered that many of the amino ao id substitut ions in t he 

primary sequenc es o f  the plant thiol proteases are for similar 

reaidues ( hydrophobic residues tor hydrophobic , c harged re siduea 

for charged ) .  As a result , the evolution of a number of prot ein 

molecules !rom a c ommon ancestral prot ein might therefore be  l e as 

oo•pl ex as there would b e  little need tor a maj or change in 

general prot ein t hree dimensional conformat ion. 



.Actinidi.n: 
Papai.n:  
Broaelain: 
Ficin :  

A 
p 
B 
F 

A 
p 
B 
F 

A 
p 
B 
F 

A 
p 

B 

F 

1 0  
L•u!ProiSer-Ttr-Val Aap-Trp-Arg Ser-Ala 
Ile Pro Glu-T,yr-Val Asp-Trp-Arg ln-Lys 
Val Pro : Gln-Ser-Ile Asp-Trp-Arg Asp-Tyr 

·30 
Serf.Ala 
Ser Ala 
Ala Ala 

Ile-AlaG;!Val 
Val-Vfll 'fhr Ile 
!le-Ala hr Val 

Gly-Ala-Val Val-Asp-Ile-Lys-Ser Gln Gly-Glu Cys-Gly Gly 
ly-Ala-Val Thr-Pro-Val-Lys-Asn Gln Gly-Ser ys-Gly Ser 
ly-Ala-V8l Thr-Ser-Vel-Lys-Asn ln Asn-Pro ys-Gly Ala 

Pro-Ile-Arg-Gln Gln Gly-Gln Cys-Gly Ser 

40 
IletThr-Ser 

Arg-Thr 
Tyr-Lys 

� ­
Ser!Leu!Ile-Ser-Leu!Ser-Glu­
Asn Leu Asn-Gln-Tyr Ser-Glu-
Ile Leu Gln-Pro-Leu Ser-Gln-

6m ?O 
Gln-GlufLeu-Ile!Asp-cystGl;y-Arg-'l'hr-Aan-Thr-Arg Gl;y-cys Aop fGly-Gly-Tyr Ile-Thr-Asp-Gl;y-PhefGlnt 
Gln-Glu Leu-Leu Asp-Cys Asp-Arg- - - - -Arg-Ser-Tyr Gly-Cys , Asn Gly-Gly-Tyr Pro-Trp-Ser-Ala-Leu Gln 
Gln-Gln Val-Asp Asp-cys Ala-Lys- Gly-Cys Lys 

80 90 � 1 00 
Phe-Ile-Ile-Asn-AspfGlrtal:rt IletAsn-Thr-Aop-Glu-Asn-Tyr-Pro�hr-Ala-Gln-, .sp-Gl;r-Asp Cys Asp-Val-
Leu-Val-Ala-Gln-�yr� - !le His-T)r-Arg-Asn-Thr-Pro-Tyr�lu-Gly-Val-Gln-Arg-Tyr Cys Arg-Ser-

1 1 0§ t120 
Ala -Leu-Gln-Asp-Gln-Lys-Tyr-Val-Thr-Ile Asp Thr-Tyr-Glu-Asn-Val-Pro-Tyr-Asn AsntGlu-Trp-Ala-Leu-Gln-
Ar&-Glu-Lys-Gly-Pro-Tyr-Ala-Ala-Lys-Thr Asp Gly-Val-Arg-Gln-Val-Gln-Pro-Tyr Asn Gln-Gly-Ala-Leu-Leu­

Lys-Ala-Arg-Val-Pro-Arg Asn Asn-Glu-S.er-Ser-Met-

-' 
VI 
1\J 
• 



A 

p 

B 

F 

A 
p 
B 
F 

A 

p 

B 

F 

A 

p 

B 

F 

130 1 40 1 50 -
�hr-Ala-Val-Thr-Tyr ln-Pro Va1-ser-Val-Ala-Lou-Asp-Ala -Ala-Gly-Asp-Ala-Phe-Lya-GlnfTyrtAla -S erfGly-

Tyr-Ser-Ile-Ala-Aan Gln-Pro Val-Ser-Val-Vel-Leu-Gln-Ala-Ala -Gly-Lys-Asp-Phe -Gln-Leu Tyr Arg-Gly Gly­

Tyr-Ala-Val-Ser-Lys Gln-Pro Ile-His-Ala-Val-Thr-Ala-Ile -Gly-Tyr 

1 60 1 7 0  
Il

.

e-PhetThrtGly-Pro-cys-GlytThr

. 

-Ala -Val Asp-His -Ale Ile-Val -Ile V� l-Gly-Tyr Gly-Thr-Glu-Gly-Gly-Vel-

Ile-Ph� Val Gly-Pro-cys-Gly Asn-Lys-Va l Asp-His-Ala Val -Ala -Ala v� l-Gly-Tyr Asn- - - - - - - - -Pro-

Thr4-Gly-Pro-cys-Gly+Thr-Ser-Leu+Asp-His-Ala +Val-Ala -Leu 

1 80 

� 
1 90 

AsptTyr�rp-Ile-Val Lys-Aan-Ser-Trp Asp Thr Thr Trp-Gly-GlutGlu , ly-Tyr Met Arg Ile -Leu 

Gly Tyr Ile-Leu-Ile �Ly s-Asn-Ser-Trp Gly Thr Gly Trp-Gly-Glu Asn Gly-Tyr Ile Arg Ile-Lys 

Arg Trp-Gly-Glu Ala Gly-Tyr Ile Arg 

Gly-Gly-Ala- - �ly ·Thr 

Gly-Asn-Ser-Tyr ly Val 

S er-S er-Ser-S er ly Ile 

2 1 0  220 
ys-Glylile-Ala-Thr-Met -Pro-SerlTyr-ProiVal -Lys-Tyr-Asn-Asn-COOH 

ys-Gly Leu -Tyr-Thr-s�-Ser-Phe Tyr-Pro Val -Ly s-Asn-COOH 

ys-Gly Ile-Ala-Ile-Asp-Pro-Leu Tyr-Pro Thr-Glu-Gly 
�----� 

Fig. 4 . 4. Homologies among the available sequence s  of some plant 

tbiol prot eolytic enzymes. 

2 00 
Asn-V� l-

Gly -Thr-

Asp-Val-

Spaces in the sequenc es ind icate possible delet ions or insert ions 
of amino ac id s  in the respec t ive protein sequences . 
S equence numbering as for t he s equenc e  of act inidin. 

4 
\H 
\N 
• 



1 34 .  

T h e  det ermination of  t he primary amino acid s eque nc e  o f  

ac t i nidin fro• t h e  trypt ic pept ide s  has provid ed the first 

c omplete amino ac id primary sequenc e of a plant t hiol prot ease  

t or c oaparison with t he sequenc e  o f  papain. The d egre e  ot  

ho� ol ogy among t he sequenc e s  ot  papain and actinidin , and t h e  

fragment s o f  s equenc e available f o r  other plant t hiol pro teases, 
d emonstrates t hat the s tructural c haract eristics of ac t inid in 

are v ery similar to those d et ermined so far for other plant 

t hiol prot eas e s , thus providing further evidence for these 

enzymes having evolved from a commo n  ancestral prot ein. 
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