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Summary 

Four enzyme fractions were isolated from commermal chymopapmn (EC 
3 4 22.6) by chromatography on carboxymethyl  cellulose CM-32 and were 
further purified on an agarose-mercunal column Two fractmns proved to be 
different forms of  chymopapmn B, the other two were papaya peptldase A and 
papaya pephdase B. The two latter enzymes were examined m detml. In con- 
trast to prewous findings, papaya pephdases exhibited high specffm actwlty, 
similar to that of papam, (EC 3.4.22 2) and contmned about  1 mol -SH group 
per mol enzyme. These results are not  consistent with the idea that the essentml 
-SH group of  papaya pephdase A is 'masked'  m the native state, but  rather 
suggest that previous preparatmns contmned a substantial amount  of mactwe 
enzyme. 

I n t r o d u c t i o n  

Papaya latex contmns at least three thlol protemases papmn (EC 3.4 22.2), 
chymopapam (EC 3.4.22.6) and papaya peptldase A [1]. Papam has been 
extensively studmd and some propertms of  chymopapmn have also been de- 
scribed [1]. Papaya pephdase A was hrst isolated by Schack [2] from papaya 
latex and later by Robinson" [3] from commercial chymopapmn. Very recently 
Lynn [4] prepared papaya peptldase A and a similar enzyme, papaya peptldase 
B, whmh is presumably identical with the protemase also noted by Schack 

Papaya peptldases A and B as descnbed by Lynn are rather pecuhar thlol 
protemases. As expected for a thlol enzyme, they are actwated by thlol c o m -  

A b b r e v m t i o n s  DTNB, 5.5'-dlthlobts(2-mtrobenzom acid). PDS, 2,2'-dlpyrtdyl dtsulhde 
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pounds and reactivated by mdoacetate.  However, there was neither a f ree-SH 
group m the active papaya peptldase, nor an appreciable amount  of  carboxy- 
methyl  cysteme m the inhibited protemase [4]. Therefore, it was suggested 
that  the active site cysteme of these thml enzymes must  be slgmfmantly differ- 
ent from that  of  papmn [4]. On the other hand, m the reaction of  papaya 
peptldase A with mdoacetamlde,  Robinson found 0.6 tool cystelne labelled 
with carboxamldomethyl  group per mol enzyme [3 ] 

In the present paper it will be shown that papaya peptldase A isolated by the 
method of  Robinson [3] can be further punfmd on an agarose-mercunal col- 
umn In this way a few percent of highly active papaya peptldase A, not  de- 
scribed so far, is separated, while the rest displays very low activity. This essen- 
tially reactive enzyme is presumably ldentmal with that descnbed by Lynn who 
Isolated papaya peptldases from a protein fractmn of papaya latex whmh chd 
no t  brad to the agarose-mercunal column. The unusual behavmur of  Lynn's  
papaya peptldase A preparatmn is readily interpreted m terms of  a bulk inert 
protein being ' contammated '  with a small amount  of highly active enzyme. 
Similar results were obtmned with papaya peptldase B. 

Materials and Methods 

Reagents Chymopapam was obtained from Sigma Chemmal Co, carboxy- 
methyl-cellulose (CM-32) from Whatman Blochemlcals Ltd. Pharmacla Ltd., 
supphed Sepharose 4B and the Sephadex gels; Serva Felnblochemma the acryl- 
amlde, N,N'-methylene-blsacrylamlde, sodmm dodecyl  sulfate (SDS), 5,5'- 
dl thlobls(2-mtrobenzom acid), Coomassm bnlllant blue R-250 and Coomassm 
brflhant blue G-250. The p-amlnophenyl mercuric acetate and 2,2 ' -dlpyndyl 
disulfide were purchased from Aldnch Chemmal Co. The N-carbobenzyl- 
oxyglycme p-mtrophenyl  ester was obtmned from Cyclo Chemmal Company. 
The other reagents used were of analytmal grade. 

Enzymatic assays The act lwty of  protelnases was measured with N-benzyl- 
oxycarbonylglycme p-mtrophenyl  ester as described for papmn [5]. The reac- 
tion was followed at 340 nm on a Cary 118C spect rophotometer  at 25°C m 0.1 
M acetate buffer,  pH 5.5/3.3% acetomtnle /1  mM EDTA. When the assay was 
carned out  m the presence of  cysteme (20 #l 0 2 M cysteme • HC1 was added to 
3 ml reactmn mixture),  the 'spontaneous hydrolyms'  of  the substrate augment- 
ed. Correctmn for the 'spontaneous hydrolyms'  was always made, when Its rate 
was bagher than 3% of the enzymatic rate. Specific actlwty Is expressed as #mol 
p-mtrophenol  released/mm per mg protein under the above condltmns. The 
molar ex tmctmn coeffmmnt of 6670 M- ~ cm- '  was used for p-mtrophenol  

The protein concentratmn was calculated by usmg A~o  = 18.3 for all pro- 
terns Robmson  found the values 17 9 for chymopapmn m pool 1 and 18.3 
for chymopapam in pool 2 and papaya peptldase A [3].  

The second-order rate constants of  acylatmn of papaya peptldase A with 
N-benzoyl-L-argmme ethyl ester were measured at 253 nm [6] and at 25.0°C 
as descnbed prewously for the acylatmn of papmn [7]. 

Carboxymethyl-cellulose chromatography In a typmal experiment 406 mg 
partially punfled,  commercial chymopapmn,  contammg some salt, were dis- 
solved m 7.0 ml standard buffer  0.15 M sodmm acetate, pH 5.0/1 mM EDTA. 
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(The molanty  of acetate buffer always refers to the Na ÷ concentration.) This 
enzyme solution whmh contmned 318 mg protein as measured at 280 nm, was 
activated by the addition of 0 7 ml 0.15 M cysteme adjusted to pH 5--6 before 
use. After incubation for about 30 mm at room temperature, the enzyme was 
apphed to a Sephadex G-25 column (approx 80 ml) equlhbrated with standard 
buffer The pooled fractions (20 ml) contmned 290 mg protein. This solution 
was immediately apphed to a Whatman CM-32 cellulose column (1.5 X 20 cm) 
equlhbrated with the standard buffer. Fractions of 10 ml were collected The 
chromatography was carned out at room temperature at a flow rate of 30 ml/h. 
The enzyme bound to the column was routmely washed with 20 ml standard 
buffer. Practmally no protein was eluted from the column, even if washmg was 
continued up to 50 ml. 

The elutlon of the protein was effected with a hnear gradmnt, the mLxmg 
chamber contmned 300 ml standard buffer and the reservoir 300 ml 0 7 sodmm 
acetate buffer, pH 5.0/1 mM EDTA. After the gradmnt elutlon, the column was 
washed with 1.5 M sodmm acetate buffer, pH 5.0, but no more protein could 
be eluted. 

Punf~catzon and concentratmn of  the pools on agarose-mercunal column 
Agarose-mercunal was prepared according to Sluyterman and Wljdenes [8] 
The column was washed with 0 15 M acetate buffer, pH 5.0/1 mM EDTA. 
After bmdmg the thml enzymes were eluted with 0.05 M acetate buffer, pH 
5.0/0 5 mM HgCl:. For punfmatmn of pools 1, 2 and 3 about 2 ml, for pool 
4 only 0.5--1 ml of agarose-mercunal was employed per 100 mg protem 

Agarose-mercunal chromatography In a typmal expenment  430 mg com- 
mercial chymopapam were dissolved m 12.3 ml actlvatmn mLxture according 
to Sluyterman and Wljdenes [8] After 30 mm mcubatmn at room tempera- 
ture, the solutmn was apphed to an agarose-mercunal column (1 × 10 cm) at a 
flow rate of 18 ml/h. Fractmns of 4 ml were collected The column was washed 
with 0.05 M sodium acetate, pH 5.0/10% dlmethyl sulfoxlde/0.5% n-butanol/ 
0.1 M KC1 until the enzymatm actlwty m the effluent decreased considerably. 
The remaining protein was eluted with a 'reverse' gradient the mixing chamber 
contmned 40 ml 0.5 mM HgC12 m the washing buffer and the reservoir 40 ml 
0.2 mM HgCl: m the same buffer. In this way the chymopapmn forms were 
separated better than by a stepwlse elutmn with 0 5 mM HgC12 It should be 
emphasized that  the fractmnatmn of chymopapmn only occurs ff the agarose- 
mercurial column Is saturated with protein. When half of  the affinity gel remains 
free, the protein elutes as single peak 

Gel electrophores~s This was carried out on 7 5% polyacrylamlde gels (pH 
4.3) with the acldm/]-alanme system [9] for 2 h, the first 20 mm being run at 
2 mA/tube then at 3 mA/tube.  No tracking dye was used Preelectrophores~s 
was camed out for 2 h to remove residual peroxide. Stmmng was performed 
according to Blakesley and Boezl [10]. 

Molecular weight determmatzon The molecular weight of protemases was 
determmed by SDS-polyacrylamlde gel electrophoresls [11,12] and by gel- 
chromatography on a Sephadex G-75 column (1 × 54 cm) equilibrated with 
0.1 M acetate buffer, pH 5.0/0 2 M sodmm chloride. 

Determmatton o f  thzol groups The procedures of Ellman with DTNB [13] 
and of Brocklehurst and Little with PDS [14] were employed. The molar 
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extmctmn coeffmmnt 14 150 was used in the reaction of  DTNB [15] ,  in the 
PDS reaction the values 7480 at pH 8.2 and 7700 at pH 3.8 were used (B. AsbSth, 
unpubhshed data from this laboratory). 

Results and Dlscussmn 

The chromatography of commercial chymopapam on carboxymethyl  cellu- 
lose is seen in Fig. 1. The elution pattern of protein is similar to that  found by 
Robinson [3] who has shown that the first protein peak comprising pools 1 and 
2 is chymopapam and the second one comprising pool 4 is papaya peptidase A. 
However, there is some chfference between the expenmental  conditions 
employed by  Robinson and those pertinent to Fig. 1. Namely, he apphed the 
enzyme solutmn chrectly to the column, whereas we actwated and gel-filtered 
it before loading. This may explain that  m the present experiment the total 
amount  of  protein binds to the ran-exchange column. Apparently,  by gel filtra- 
tmn we ehmmated the non-binding fractmn, probably composed of  degraded 
protein Activation with cystelne was important  because the commercml prep- 
aratmn contained a significant amount  of  actwatable thlol enzyme(s) which 
would have been lost m the following purification on the agarose-mercunal 
column. A further difference is that  Robinson used 1.5 M sodmm acetate 
buffer m the reservoir, whereas we could elute the protein with 0.7 M sodmm 
acetate as illustrated in Fig. 1. With 0.5 M sodmm acetate m the reservoir, the 
elutlon of  papaya pephdase A (second peak) was less complete,  but  the blden- 
tate character of  the chymopapam peak become more expressed and the protein 
appeared m later fracbons and in a larger volume. This variation did not  affect 

/.0 

7 35 

";- 30 c 
E 

E 25 
::1. 

- - 2 ( )  

o. 

- - 1 0  

O5 

O0 

i I i I I I 

I J 
lO 20 30 

Frochon number 

1 

,~0 50 

/.0 

35 

30 u~ 
E 

25 o 

2o 

F l g  I C h r o m a t o g r a p h y  o f  c o m m e r c l a l  c h y m o p a p a l n  o n  C M - 3 2  c e l l u l o s e  C h r o m a t o g r a p l u c  c o n d l t l o n s  

a r e  d e s c n b e d  I n  M a t e n a l s  a n d  M e t h o d s  F r a c h o n s  w e r e  c o m b l n e d  as r o d | c a r e d  b y  t h e  d o u b l e  a r r o w s  a n d  

are r e f e r r e d  t o  m t h e  t e x t  a s  p o o l s  1- -4  



2 6 6  

either the yield of  protein or the speclflC actlwty of  the different pools shown 
m Table I. 

The curve of  specific enzymahc act lwty m Fig. I reveals some important  
properties of  the protein mixture. It is seen that there are two highly active 
enzymes m commercial chymopapaln One elutes after chymopapmn at the 
shoulder of the protein peak (pool 3) This is probably papaya pephdase B, 
whmh immediately followed chymopapam B m Lynn's experiment, too. The 
other  is associated with pool 4, but  the peak of specific act lwty Is mgmflcantly 
shifted from the protein peak, which mdmates that pool 4 cannot be homoge- 
neous, at least m respect of act lwty Robinson has found pool 4 homogeneous 
by gel electrophoresls. Indeed, the protein peak of pool 4 m Fig I appears 
homogeneous as the small amount  of active enzyme merges into the large 
quanti ty of Inactive protein 

The constant  specific achwty  of  the fractions m pool I indicates that the first 
part of chymopapam is homogeneous Chymopapam m pool 2 shows somewhat  
higher specific achwty  but  this may be due to contamination with the highly 
active papaya peptldase B. Pool 3, which is composed of  the shoulder frachons, 
seems to contain both chymopapmn and papaya pephdase B. 

All four pools were further purified on agarose-mercunal columns, which 
bmd protein with free -SH group(s) [8] Besides punflcatton, the great advan- 
tage of  this covalent chromatography consists of  the effechve concentration of 
enzyme diluted dunng the preceding ran-exchange chromatography. The com- 

T A B L E  I 

C O M P A R I S O N  OF C H R O M A T O G R A P H I C  POOLS 

Pools can  be l d e n t l h e d  as fol lows 1 and 2, c hymopa pa ~ n  B, 3, m i x t u r e  of c h y m o p a p a l n  B and p a p a y a  
pep t ldase  B, 4, c rude  p a p a y a  pept ldase  A, 3a, c h y m o p a p a l n  B, 3b, p a p a y a  pept ldase  B, 4a, ac t ive  p a p a y a  
p e p t l d a s e  A (mercu r i a l -bound  f ract ion) ,  4b, ~nac t lve '  p a p a y a  pept ldase  A (non-bmchng  fxactlon) 

Pool 1 2 3 4 

F r o m  CM-cellulose, 
m g  95 74 27 62 
ml  108 50 50 88 
Spec act  * 0 40  0 67 3 07 1 93 

(0 32)  (0 67)  (3 10) (1 60)  

Pool 4a 4b 

F r o m  aga rose -mercuna l ,  
m g  35 5 20 6 11 6 3 5 
ml  9 9  6 2  4 2  2 2  
S p e c  a c t *  0 6 7  1 15 4 7 24 

(0 60)  (1 06)  (4 5) (24)  
-SH/mol  e n z y m e  (Nbs 2) 1 10 0 98 
-SH/mo l  e n z y m e  (PDS, pH 8 2) 1 07 
-SH/mol  e n z y m e  (PDS, pH 3 8) 1 06 0 88 

Pool  3a 3b 

52 4 
85 

0 48 
(0 10) 

d 0  01 

R e - c h r o m a t o g r a p h y  of  pool  3 
on  CM-ceBulose, Spec ac t  * 
-SH/mol  e n z y m e  (Nbs 2) 
-SH/m o l  e n z y m e  (PDS, pH 3 8) 

2 1  9 0  
0 9 8  
1 06 

* The  values zn the  b r a c k e t  w e r e  m e a s u r e d  m the  absence  of  e y s t e m e  
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breed fractions from the CM-cellulose chromatography were directly apphed to 
the agarose-mercunal co lumn without  the addition of  orgamc solvent, a devia- 
tion from the ongmal method [8] .  Table I shows that in all cases, partmularly 
with pool  4, only a minor part of  the protein was bound. This indicates that 
the major part of  the protein m the pools  is reactive enzyme not  contmnmg 
free -SH group. 

Table I shows that the speclfm activity of  all four pools mcreased consider- 
ably after elutmn from the agarose-mercunal column. Papaya peptldase A (pool  
4) is partmularly interesting because only about 6% of  its protein was obtained 
as active thlol enzyme (pool 4a) and about 94% was found in the non-binding 
fraction (pool 4b). The mercurial-bound papaya peptldase A exhibits the highest 
specific actlwty among the pools.  This amounts to the specific activity of  
papam (19 5 pmol m m -  1 . mg- 1 ), whmh has been thought to be the most  active 
enzyme m papaya latex. The non-blnchng fractmn shows a low specffm activity 
even m the presence of  cystelne. 

The shoulder fraction (pool 3) displays the second highest speclfm activity. 
Since pool  3 appears to be a mixture of  chymopapam and papaya peptldase B, 
the pure papaya peptldase B ~s expected to be more active. In fact, Fig 2 shows 
that rechromatography of  pool  3 on CM-ceUulose results in two peaks, the first 
one (pool  3a) having lower and the second one (pool  3b) higher specific activ- 
ity than that of  pool  3 (Table I). Both pools  3a and 3b seem to be homoge-  
neous by activity. 

The amount  of  free -SH groups m papaya peptldases was determined with 
DTNB and PDS. Measurements with DTNB and PDS at pH 8.2 yield the total 
free -SH groups, whereas PDS at pH 3.8 determmes the active site -SH group in 
the case of  papaln and chymopapmn [14,16]  The -SH group content of  both 
papaya peptldases A and B was calculated for the same molecular weight, 
24 000,  which was determined by two methods: SDS-polyacrylamlde gel 
electrophoresls and gel chromatography on Sephadex G-75. This value agrees 
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well with that found by Robinson [3] and Lynn [4] for the less actwe papaya 
peptldases. Table I shows that the highly active papaya peptldase A (4a) and 
papaya peptldase B (3b) contmn about 1 -SH group per enzyme molecule 
measured either at pH 8.2 or pH 3.8. This inchcates that the thiol group is 
similar to the essential -SH group of papmn. On the other hand, the -SH group 
content  of  pool  4b is negligible, which accounts for its very low specific activ- 
ity. 

The actlwty of  papaya peptldase A (4a) was also measured with N-benzoyl-  
L-argmme ethyl ester. The pH-dependence of  the second-order rate constant 
gave a bell-shaped curve as it was demonstrated by Robinson [3].  However, the 
value of  rate constant at the pH opt imum (1300 M- 1 s- 1) was about 10-times 
as high as that observed by Robinson [3] .  The high rate constant (1300  M- ' 
s - ' )  is close to that found with papmn (1660 M-'  • s-~ [7]). 

Although the specific activities are similar, the highly active papaya peptldases 
can easily be distinguished from papam by electrophoresls on polyacrylamlde 
gels. Fig. 3 shows that pools  3b and 4a run much farther than papain (see also 
Ref. 3). Furthermore, it was found (Dr. M. Sajg6 in this institute, personal 
communication)  that both papaya peptldases A and B have the same N-terminal 
amino acid, leucine as determined with the dansyl method,  whereas the N-ter- 
minal of  papam is lsoleucme [1].  This is in agreement with Lynn's results 
[4] but m contrast to Robinson's finding [3] ,  according to which papaya 
peptldase A possesses isoleucme at the NH2-end. 

A remarkable property of  papaya peptldase A, and probably of  papaya 
peptldase B, is that it binds to the agarose-mercunal column significantly weaker 
than chymopapam. This is illustrated in Fig. 4 whmh shows that the non-bind- 
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lng, inactwe protein fraction is immediately followed by a continuous release 
of protein at low concentrahon on washing the column wth buffer not con- 
talnlng HgCl:. On the basis of its high specific achwty, this 'leaking' protein 
fractlon should mmnly contain papaya peptldases. This was confirmed by elec- 
trophoresls on polyacrylamlde gels, whmh showed that in the 'leaking' fraction 
papaya peptidase A is the major component, and an additional minor band 
indicates the presence of some papaya peptldase B and/or chymopapmn. Anal- 
ysls of the non-binding fractmn exhlbited a similar pattern. 

The above experiment clearly shows that depenchng on the extent of wash- 
ing, different amounts of hlghly active papaya peptldase A can be present in 
the papaya peptldase A preparation of Lynn [4]. This can explain the occurrence 
of 0.2 tool -SH group per tool enzyme in the preparation and, more lrnportantly 
the surprising behawor of the enzyme on alkylatlon. Obviously, If most of the 
activity arises from a few percent of hlghly actwe papaya pephdase A, then 
carboxymethylatmn of this enzyme abohshes practically the total achvlty wlth- 
out yielding an appreciable amount of carboxymethyl cystelne. 

It can be concluded that the highly active form of papaya peptldases, first 
isolated m this work, does possess a single -SH group and exhlblts an enzymatic 
activity whmh is comparable to that of papmn and much higher than that of 
chymopapmn. 
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