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Summary

Four enzyme fractions were 1solated from commercial chymopapan (EC
3 4 22.6) by chromatography on carboxymethyl cellulose CM-32 and were
further purified on an agarose-mercunal column Two fractions proved to be
different forms of chymopapain B, the other two were papaya peptidase A and
papaya peptidase B. The two latter enzymes were examined in detail. In con-
trast to previous findings, papaya peptidases exhibited high specific activity,
similar to that of papain, (EC 3.4.22 2) and contained about 1 mol -SH group
per mol enzyme. These results are not consistent with the 1dea that the essential
-SH group of papaya peptidase A 1s ‘masked’ in the native state, but rather
suggest that previous preparations contained a substantial amount of inactive
enzyme.

Introduction

Papaya latex contains at least three thiol proteinases papan (EC 3.4 22.2),
chymopapain (EC 3.4.22.6) and papaya peptidase A [1]. Papain has been
extensively studied and some properties of chymopapain have also been de-
scribed [1]. Papaya peptidase A was first 1solated by Schack [2] from papaya
latex and later by Robinson [3] from commercial chymopapain. Very recently
Lynn {4) prepared papaya peptidase A and a similar enzyme, papaya peptidase
B, which 1s presumably 1dentical with the proteinase also noted by Schack

Papaya peptidases A and B as descibed by Lynn are rather pecuhar thiol
protemnases. As expected for a thiol enzyme, they are activated by thiol com-

Abbreviations DTNB, 5,5'-dithiobis(2-mtrobenzoic acid), PDS, 2,2'-dipyndyl disulfide
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pounds and 1nactivated by 10doacetate. However, there was neither a free -SH
group 1n the active papaya peptidase, nor an appreciable amount of carboxy-
methyl cysteine in the inhibited proteinase [4]. Therefore, 1t was suggested
that the active site cystemne of these thiol enzymes must be significantly daffer-
ent from that of papain [4]. On the other hand, 1n the reaction of papaya
peptidase A with 10odoacetamide, Robinson found 0.6 mol cysteine labelled
with carboxamidomethyl group per mol enzyme [3]

In the present paper 1t will be shown that papaya peptidase A 1solated by the
method of Robinson [3] can be further purified on an agarose-mercunal col-
umn In this way a few percent of highly active papaya peptidase A, not de-
scribed so far, 1s separated, while the rest displays very low activity. This essen-
tially 1nactive enzyme 1s presumably 1dentical with that described by Lynn who
1solated papaya peptidases from a protein fraction of papaya latex which did
not bind to the agarose-mercunal column. The unusual behaviour of Lynn’s
papaya peptidase A preparation 1s readily interpreted in terms of a bulk inert
protemn being ‘contaminated’ with a small amount of highly active enzyme.
Similar results were obtained with papaya peptidase B.

Materials and Methods

Reagents Chymopapain was obtamned from Sigma Chemical Co, carboxy-
methyl-cellulose (CM-32) from Whatman Biochemicals Ltd. Pharmacia Ltd.,
supphed Sepharose 4B and the Sephadex gels; Serva Feinbiochemica the acryl-
amide, N,N’-methylene-bisacrylamide, sodium dodecyl sulfate (SDS), 5,5'-
dithiobis(2-nitrobenzoic acid), Coomassie brilhant blue R-250 and Coomassie
brilliant blue G-250. The p-amimophenyl mercuric acetate and 2,2'-dipyndyl
disulfide were purchased from Aldrnich Chemical Co. The N-carbobenzyl-
oxyglycine p-mtrophenyl ester was obtained from Cyclo Chemical Company.
The other reagents used were of analytical grade.

Enzymatic assays The activity of protemnases was measured with N-benzyl-
oxycarbonylglycine p-nitrophenyl ester as described for papain [5]. The reac-
tion was followed at 340 nm on a Cary 118C spectrophotometer at 25°C in 0.1
M acetate buffer, pH 5.5/3.3% acetonitrile/1 mM EDTA. When the assay was
carned out in the presence of cysteine (20 ul 0 2 M cystemne - HC] was added to
3 ml reaction mixture), the ‘spontaneous hydrolysis’ of the substrate augment-
ed. Correction for the ‘spontaneous hydrolysis’ was always made, when 1ts rate
was higher than 3% of the enzymatic rate. Specific activity 1s expressed as umol
p-mtrophenol released/min per mg protein under the above conditions. The
molar extinction coefficient of 6670 M~' cm™' was used for p-mtrophenol

The protein concentration was calculated by using A;‘g, = 18.3 for all pro-
temns Robinson found the values 17 9 for chymopapain in pool 1 and 18.3
for chymopapain 1n pool 2 and papaya peptidase A [3].

The second-order rate constants of acylation of papaya peptidase A with
N-benzoyl-L-arginine ethyl ester were measured at 253 nm [6] and at 25.0°C
as described previously for the acylation of papamn [7].

Carboxymethyl-cellulose chromatography In a typical expenment 406 mg
partially punfied, commercial chymopapain, containing some salt, were dis-
solved 1n 7.0 ml standard buffer 0.15 M sodium 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 which contained 318 mg protein as measured at 280 nm, was
activated by the addition of 0 7 ml 0.15 M cysteine adjusted to pH 5—6 before
use. After incubation for about 30 min at room temperature, the enzyme was
applied to a Sephadex G-25 column (approx 80 ml) equihbrated with standard
buffer The pooled fractions (20 ml) contained 290 mg protein. This solution
was 1mmediately applied to a Whatman CM-32 cellulose column (1.5 X 20 cm)
equilibrated 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 routinely washed with 20 ml standard
buffer. Practically no protein was eluted from the column, even 1f washing was
continued up to 50 ml.

The elution of the protein was effected with a linear gradient, the mixing
chamber contained 300 ml standard buffer and the reservoir 300 ml 0 7 sodium
acetate buffer, pH 5.0/1 mM EDTA. After the gradient elution, the column was
washed with 1.5 M sodium acetate buffer, pH 5.0, but no more protein could
be eluted.

Purification and concentration of the pools on agarose-mercurwal column
Agarose-mercurial was prepared according to Sluyterman and Wijdenes [8]
The column was washed with 0 15 M acetate buffer, pH 5.0/1 mM EDTA.
After binding the thiol enzymes were eluted with 0.05 M acetate buffer, pH
5.0/0 5 mM HgCl,. For punfication of pools 1, 2 and 3 about 2 ml, for pool
4 only 0.5—1 ml of agarose-mercurial was employed per 100 mg proten

Agarose-mercurial chromatography In a typical experiment 430 mg com-
mercial chymopapain were dissolved in 12.3 ml activation mixture according
to Sluyterman and Wydenes [8] After 30 min incubation at room tempera-
ture, the solution was applied to an agarose-mercurial column (1 X 10 cm) at a
flow rate of 18 ml/h. Fractions of 4 ml were collected The column was washed
with 0.05 M sodium acetate, pH 5.0/10% dimethyl sulfoxide/0.5% n-butanol/
0.1 M KCIl until the enzymatic activity 1n the effluent decreased considerably.
The remaining protein was eluted with a ‘reverse’ gradient the mixing chamber
contamned 40 ml 0.5 mM HgCl, in the washing buffer and the reservoir 40 ml
0.2 mM HgCl, 1n the same buffer. In this way the chymopapain forms were
separated better than by a stepwise elution with 0 5 mM HgCl, It should be
emphasized that the fractionation of chymopapain only occurs if the agarose-
mercurial column 1s saturated with protein. When half of the affinity gel remains
free, the protein elutes as single peak

Gel electrophoresis This was carried out on 7 5% polyacrylamide gels (pH
4.3) with the acidic S-alanine system [9] for 2 h, the first 20 min being run at
2 mA/tube then at 3 mA/tube. No tracking dye was used Preelectrophoresis
was carned out for 2 h to remove residual peroxide. Staining was performed
according to Blakesley and Boez: [10].

Molecular weight determination The molecular weight of proteinases was
determined by SDS-polyacrylamide gel electrophoresis [11,12] and by gel-
chromatography on a Sephadex G-75 column (1 X 54 cm) equilibrated with
0.1 M acetate buffer, pH 5.0/0 2 M sodium chloride.

Determination of thiol groups The procedures of Ellman with DTNB [13]
and of Brocklehurst and Little with PDS [14] were employed. The molar
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extinction coefficient 14 150 was used 1n the reaction of DTNB [15], 1n the
PDSreaction the values 7480 at pH 8.2 and 7700 at pH 3.8 were used (B. Asbo6th,
unpublished data from this laboratory).

Results and Discussion

The chromatography of commercial chymopapain on carboxymethyl cellu-
lose 1s seen 1n Fig. 1. The elution pattern of protein 1s similar to that found by
Robinson [3] who has shown that the first protein peak comprnsing pools 1 and
2 1s chymopapain and the second one comprising pool 4 1s papaya peptidase A.
However, there 1s some difference between the experimental conditions
employed by Robinson and those pertinent to Fig. 1. Namely, he applied the
enzyme solution directly to the column, whereas we activated and gel-filtered
1t before loading. This may explain that in the present expernment the total
amount of protein binds to the 1on-exchange column. Apparently, by gel filtra-
tion we ehminated the non-binding fraction, probably composed of degraded
protein Activation with cysteine was important because the commercial prep-
aration contained a significant amount of activatable thiol enzyme(s) which
would have been lost in the following punfication on the agarose-mercunal
column. A further difference 1s that Robinson used 1.5 M sodium acetate
buffer in the reservoir, whereas we could elute the protein with 0.7 M sodium
acetate as illustrated in Fig. 1. With 0.5 M sodium acetate 1n the reservorr, the
elution of papaya peptidase A (second peak) was less complete, but the biden-
tate character of the chymopapain peak become more expressed and the proten
appeared 1n later fractions and 1n a larger volume. This vanation did not affect

40
T 35
o
E
Tg 30 [97]
€ E
€ 25 s
> >
: :
il 3
e g
o
g 15| o
[¥2]
2 90
(=3
X
<
05
00

o] 10 20 30 40 50
Fraction number

Fig 1 Chromatography of commercial chymopapain on CM-32 cellulose Chromatographic conditions
are descnbed 1n Matenals and Methods Fractions were combined as indicated by the double arrows and
are referred to i1n the text as pools 1—4
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either the yield of protein or the specific activity of the different pools shown
in Table 1.

The curve of specific enzymatic activity in Fig. 1 reveals some important
properties of the protein mixture. It 1s seen that there are two highly active
enzymes 1n commercial chymopapain One elutes after chymopapain at the
shoulder of the protein peak (pool 3) This 1s probably papaya peptidase B,
which 1mmediately followed chymopapain B in Lynn’s experiment, too. The
other 1s associated with pool 4, but the peak of specific activity 1s sigmificantly
shifted from the protein peak, which indicates that pool 4 cannot be homoge-
neous, at least in respect of activity Robinson has found pool 4 homogeneous
by gel electrophoresis. Indeed, the protein peak of pool 4 in Fig 1 appears
homogeneous as the small amount of active enzyme merges into the large
quantity of inactive protein

The constant specific activity of the fractions in pool 1 indicates that the first
part of chymopapain 1s homogeneous Chymopapain in pool 2 shows somewhat
higher specific activity but this may be due to contamination with the highly
active papaya peptidase B. Pool 3, which 1s composed of the shoulder fractions,
seems to contain both chymopapain and papaya peptidase B.

All four pools were further purified on agarose-mercurial columns, which
bind protein with free -SH group(s) [8] Besides purification, the great advan-
tage of this covalent chromatography consists of the effective concentration of
enzyme diluted dunng the preceding 1on-exchange chromatography. The com-

TABLE 1
COMPARISON OF CHROMATOGRAPHIC POOLS

Pools can be 1dentified as follows 1 and 2, chymopapain B. 3, mixture of chymopapain B and papaya
peptidase B, 4, crude papaya peptidase A, 3a, chymopapain B, 3b, papaya peptidase B, 4a, active papaya
peptidase A (mercurnial-bound fraction), 4b, 1nactive’ papaya peptidase A (non-binding fraction)

Pool 1 2 3 4
From CM-cellulose,
mg 95 74 27 62
ml 108 50 50 88
Spec act * 0 40 067 307 193
(0 32) (067) (3 10) (1 60)
Pool 4a 4b

From agarose-mercunal,

mg 355 206 116 35 52 4

ml 99 6 2 42 22 85

Spec act * 067 1156 47 24 048
(0 60) (1 06) (4 5) (24) (010)

-SH/mol enzyme (Nbs,) 110 098 <001

-SH/mol enzyme (PDS, pH 8 2) 1 07

-SH/mol enzyme (PDS, pH 3 8) 1 06 0 88

Pool 3a 3b

Re-chromatography of pool 3

on CM-ellulose, Spec act * 21 90
-SH/mol enzyme (Nbs,) 098
-SH/mol enzyme (PDS, pH 3 8) 1 06

* The values 1n the bracket were measured 1n the absence of cysteine



267

bined fractions from the CM-cellulose chromatography were directly applied to
the agarose-mercunal column without the addition of organic solvent, a devia-
tion from the onginal method [8]. Table I shows that in all cases, particularly
with pool 4, only a minor part of the protein was bound. This indicates that
the major part of the protein in the pools 1s inactive enzyme not containing
free -SH group.

Table I shows that the specific actinity of all four pools increased consider-
ably after elution from the agarose-mercurial column. Papaya peptidase A (pool
4) 1s particularly interesting because only about 6% of 1ts protein was obtained
as active thiol enzyme (pool 4a) and about 94% was found 1n the non-binding
fraction (pool 4b). The mercurial-bound papaya peptidase A exhibits the highest
specific actiity among the pools. This amounts to the specific actwity of
papain (19 5 umol mmn~' - mg™'), which has been thought to be the most active
enzyme in papaya latex. The non-binding fraction shows a low specific activity
even 1n the presence of cysteine.

The shoulder fraction (pool 3) displays the second highest specific activity.
Since pool 3 appears to be a mixture of chymopapain and papaya peptidase B,
the pure papaya peptidase B 1s expected to be more active. In fact, Fig 2 shows
that rechromatography of pool 3 on CM-cellulose 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 in papaya peptidases 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 determines the active site -SH group 1n
the case of papain and chymopapain [14,16] The -SH group content of both
papaya peptidases A and B was calculated for the same molecular weight,
24 000, which was determined by two methods: SDS-polyacrylamide gel
electrophoresis and gel chromatography on Sephadex G-75. This value agrees
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Fig 2 Re-chromatography of pool 3 on CM-32 cellulose The experimental conditions are the same as
n Fig 1, except that the reservoir of the gradient elution contained 0 5 M rather than 0 7 M acetate
buffer The combined fractions designated by the double arrows represent pools 3a and 3b
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well with that found by Robinson [3] and Lynn [4] for the less active papaya
peptidases. Table I shows that the highly active papaya peptidase A (4a) and
papaya peptidase B (3b) contain about 1 -SH group per enzyme molecule
measured either at pH 8.2 or pH 3.8. This indicates that the thiol group 1s
similar to the essential -SH group of papain. On the other hand, the -SH group
content of pool 4b 1s neghgible, which accounts for its very low specific activ-
1ty.

The activity of papaya peptidase A (4a) was also measured with N-benzoyl-
L-arginine ethyl ester. The pH-dependence of the second-order rate constant
gave a bell-shaped curve as 1t was demonstrated by Robinson [3]. However, the
value of rate constant at the pH optimum (1300 M~! s~!) was about 10-times
as high as that observed by Robinson [3]. The high rate constant (1300 M~!
s~') 1s close to that found with papain (1660 M~! -s™! [7]).

Although the specific activities are similar, the highly active papaya peptidases
can easlly be distinguished from papain by electrophoresis on polyacrylamide
gels. F1g. 3 shows that pools 3b and 4a run much farther than papain (see also
Ref. 3). Furthermore, 1t was found (Dr. M, Sajgé in this institute, personal
communication) that both papaya peptidases A and B have the same N-terminal
amino acid, leucine as determimed with the dansyl method, whereas the N-ter-
minal of papain 1s 1soleucine [1]. This 1s 1n agreement with Lynn’s results
{4] but in contrast to Robinson’s finding [3], according to which papaya
peptidase A possesses 1soleucine at the NH,-end.

A remarkable property of papaya peptidase A, and probably of papaya
peptidase B, 1s that 1t binds to the agarose-mercurial column significantly weaker
than chymopapain. This 1s illustrated in Fig. 4 which shows that the non-bind-
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Fig 3 Companson of papaya peptidases with papain Electrophoresis was carried out 1n the $-alamine
system as described 1n Matenals and Methods The protein bands migrated from the top towards the
negative pole The gels are a, commercial chymopapain, b, papain, c, 4a, d, 3b, e, papain, 3b, 4a

Fig 4 Chromatography of commercial chymopapain on an agarose-mercurnal column The arrow indicates
the beginning of elution with the mercuric chlonde gradient For details see Matenals and Methods
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Ing, mactive protein fraction 1s immediately followed by a continuous release
of protein at low concentration on washing the column with buffer not con-
taiming HgCl,. On the basis of 1ts high specific activity, this ‘leaking’ protein
fraction should manly contain papaya peptidases. This was confirmed by elec-
trophoresis on polyacrylamide gels, which showed that 1n the ‘leaking’ fraction
papaya peptidase A 1s the major component, and an additional minor band
mdicates the presence of some papaya peptidase B and/or chymopapain. Anal-
ysis of the non-binding fraction exhibited a similar pattern.

The above experiment clearly shows that depending on the extent of wash-
ing, different amounts of highly active papaya peptidase A can be present in
the papaya peptidase A preparation of Lynn [4]. This can explain the occurrence
of 0.2 mol -SH group per mol enzyme in the preparation and, more importantly
the surprising behavior of the enzyme on alkylation. Obviously, 1f most of the
activity anses from a few percent of highly active papaya peptidase A, then
carboxymethylation of this enzyme abolishes practically the total activity with-
out yielding an appreciable amount of carboxymethyl cysteine.

It can be concluded that the highly active form of papaya peptidases, first
1solated 1n this work, does possess a single -SH group and exhibits an enzymatic
activity which 1s comparable to that of papain and much higher than that of
chymopapain.
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