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Aktncc--Although it is known that unripe fruit from Curica papayu con&ins several protcinase enzymes which are 
used industrially, only one of t&se, papain, has been extensively charectcritad. Recently. the separate use of other 
enzymes of the family has been considered but information on their hydrodynamic properties is contradiaory. The UK 
of newer methods of acparation has enabkd us to separate a protcinase which runs slowly on acidic poiyacrylamide gck 
(papain) from tbc four other proteinaxes The proteiaasc which runs fastest on acidic polyacrylamide gck has an M, of 
25kaadaplofll.O.~htttrpIistbc~uthatofaproteinascwhichhsanM,of28kaadrunsmo~quidrlythpo 
papain but more slowly than chymopapain on acidic gels. We thcreforz have data showing that the protciuase enzymes 
from papaya can be clam&d by pI and M, into papain (PI 8.75, hi, 23 k), chymopapains A and B @I 10.>10.4 or 
10.610.7 and M, 24 k), papaya protciuasc A (n) @I 11.0, M, 24 k) and papaya proteinasc B @I 11.0, hi, 28 K) 

1sTR00Ixn0s 

Latex from the unripe fruit of the papaya (Carica 
p4poyo L.) plant has been used as a source of protcinaoe 
enzymes for industrial use since first reported by Roy in 
1872 [I J. The uses of the complex of enzymes include 
meat tenderizing and prevention of haxe formation in 
beverages. However, there has recently ban cvidencz that 
one of the proteinase enzymes may have medical import- 
ance in the treatment of prolapsed intervertebral dirs [2]. 
Degradation of the protcoglycan of the nucleus pulposus 
IS perhaps the cause of r&f in this treatment. We have an 
interest in using these proteinases to degrade proteins 
partially IO assess the functional properties of the frag- 
ments and the possible food implications. In particular, it 
is known that degradation of the cascins can produce 
bitter [3] or even opiod peptides [4.S]. 

One of the main proteinasc enzymes from papaya is 
papain (EC 3.4.22.2). Papain is one of the most highly 
studied plant enxymcsr the amino acid scquena IS docu- 
mented [6]. the crystal structure is resolved to 1.65 A [7]. 
and the mechanistic geometry of the active site has been 
reviewed [g]. There have betn many studies on chemical 
modification of the enzyme and the subsequent change in 
various kinetic parameters [9]. Papain is not the major 
proteinase in the latex of the fruit but it can be easily 
isolated. purified and crystallixcd [lo]. The major latex 
proteinax: Seems IO be chymopapain (EC 3.4.22.6) [I I] 
and this general name covers a heterogeneous mixture of 
chymopapains A and B [ 121. Caylc cr al. [I] fractionated 
chymopapain into the A and B forms; the N-terminal 
residues of these IWO forms were either Glu or Tyr 
[ 13, 141. Initially the M, of the chymopapains was 
calculated as 34.5 and 36.4 k [ 13.141. Subsequent to that 

report the definition of chymopapains has relied on the 
specihc activities with synthetic substrates or thiol group 
determination and until recently the M, was thought to be 
nearer IO 28 k than 35 k for chymopapain B. Dispute 

continued on the number of chymopapains with the 
identification of another form. chymopapain S [IS]. This 
form of the enzyme had a M, of 24 700 but the difference 
between chymopapain S and chymopapain A has been 
questioned [16]. It was acknowledged that there is 
difliculty in classifying the chymopapain B (perhaps three 
isoenxymcs) and chymopapain A enzymes [ 171. 

Schack [ lg] separated a very basic protein (pl I I.1 ). 
which he called papaya pcptidase A (EC 3.4.22.6). II has 
been shown that the active site of papaya peptidax is 
different from that of papain [ 191. 

Although the pls of papain, 8.75. and chymopapain, 
10.1. are sufficiently different to give reasonable scpar- 
ation using acidic PAGE, very few of the reports mcludc 
this separation step in their work. 

We report the separation of the crude latex using an 
FPLC method which can diffcrentiatc all the enzymes. 
unhke the previous methods [20.21]. WC show that one 
enzyme has an M, of 28 k and can hc xparatcd on acidic 
gels from papain, IWO forms of chymopapain and papaya 
protcinasc A. This new information is coupled with 
sedimentation data which indicate rha~ the Y, of the 
chymopapain is 23.25 k and not 23-35 k. The newly 
described enzyme IS similar IO papaya proteinax A in its 
pl but with the highest M, of the papaya protcinascs. 

REsL;LTS 

Analysis of spray-drkd latex 

Chromatography on the Mono Q column using the 
conantration gradient of sodium chloride shown in Fig I 
gave a mproducabk pattern of protein elution. Care had 
to be taken to ensure that all the non-protein material had 
been diaIysod away before chromatography. Incubation 
with dithiothrcitol did not alter the pattern obtained. All 
the peaks shown in Fig I had activity towards HPA and 
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Fig. 1. Squation of proteinarts uxtng .a Mooo Q anion ex- 
cbaop column (HR 515. apby 1 ml) ottded to tk 
Phuuwix Fart Protein liquid Chromatograpbc apprrtux. A 
buffer of 1.3diuninopropa1~ at pH 10.8 was usa! to dutc tk 
proteins with a step@ gradient of xcdium cbloridc. Tbe xcdium 
chloride iDcrcpsad at 6mM/min to a tinal concentration of 

~mM.DricdLtu(Ig)wprdiuolvcdin5mlofbufferaDd 

afta dialris IO0 pl was ad&d to the columt~. lltc sprsydrkd 

latex varied in tk amount of protein in tk powder but co 40% 
wax uxuxlly protein. 

jlcascin. Relatively, the more protein clutcd, the more the 
activity. Separation of a papain preparatton from Sigma 
showed two main peaks; these peaks corresponded to 
peaks4and 5 of the spray-dried latex separation. The apex 
fractions from each peak were clcctrophorcscd on acid 
gds and these are shown in Fig. 2. Peak 5 travelled the 
least far on acrdic ckctrophorcsis and this was the same as 
the major peak from the Sigma papain. A M,ofabout 23 k 
was indtcatcd from SDS ekctrophorcsis and this peak 
contained the papain which is known to have an M, of 
23406. Papain was always contaminated by other ma- 
terial, and as the concentration of salt increased sub- 

>:,” 

Fig. 2. Sepuatbo of fractions from Fig. 1, uxing 15% aayl- 
amide FL pH 4.3. towardx tk anode wio: py~oainc y ax da. 
Tk bu& wax woe aatic acid at pH 4.3. Current wax 
lOmA/trwk.Peak Z~uiDedamixturrofprordn,whm~noo 

tk pb. 

sequent to peak 5. a large amount of the elutcd material 
was papain accompanied by protein from peak 4. 

Analysis of peak I in Fig. I by SDS ekctrophorcsis 
showed that this material had an M, of 28 k and was not 
bound to the column. This peak was homogeneous and on 
an acidic gel ran slower than any other protein cxapt 
papain (Fig. 2) 

The second peak excluded from the Mono Q column 
contained a heterogeneous mixture of all the peaks; this 
could bc reduced by extensive dialysis before injection but 
could never bc totally removed. The third peak was also 
homogeneous, like peak I. and ran fastest on acidic gels 
(Fig. 2). The M, determined by SDS clcctrophorcsis was 
2425 k. The large composite peak 4 containal a doublet 
of protein bands on acidic gds (Fig. 2) and gave an M, of 
25 k. 

If the chromatographic separation was heavily ovcr- 
loaded a papain peak was produced which was homo- 
geneous on acidic gels but a large proportion of papain 
was also associated with other material. 

The best separation was achieved by using a shallower 
linear gradient of sodium chloride in IJdiaminopropanc 
(Fig. 3). The first peak. fraction 28. was the second slowest 
protein on acidic gclsand was homogeneous with an M, of 
28 k by SDS ckctrophorcsis While the majority of the 
second peak (fraction 30) travcllcd fastest of all the 
proteins from this separation on acidic gels, it was slightly 
contaminated by material from fraction 28. Fraction 45 
was the faster of the two peak 4 proteins shown in Fig. 2. 
and fractions 62-64 contained the slower of these bands. 
The M,s were, as mentioned above. between 24 and 25 k. 
Thus it is possible to try a sequential combination of these 
two methods if it is required to separate and remove 
compktcly all contamination from the proteins. Peak 3 
could be run on the shallowest gradient so that fraction 30 
consisted of two very similar isocnzymcs which were just 
separable by acidic gd ckctrophorcsis. 

WC repeated the separation made by Buttlc and 
Barrett [20] (their Fig. I)and obtamcd the same fracttons. 
The papain peak was rerun on the Mono Q column and 
gave a single peak in the arca of peak 3 shown in Fig. I 
above. Obviously the majority of papain does not appear 
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Fig 5. Separation of protdnaam usiog tk Mono Q column 
mcntionrd in Fig 1 but using a gradian of 2.35 mM/min and 

500 ~1 of a 50 mg/ml nmpk size. 
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when spray-dried latex is separated on the Mono S system 
using acetate buffers; it is possible that it either binds to 
the column and is not dutcd under the conditions 
employ& or it is present in the main peaks Certainly we 
found that the main peaks from the Mono S separation 
were heterogeneous on SDS polyacrylamide gels. In 
further comparisons between the acidic separation on 
Mono Sand the alkaline separation on Mono Q we found 
that the small peak dutcd just before papaya protcinase 
on Mono Sand had an M, of 28 L; however, there was also 
some of this matcriaI in the major peaks of the Mono S 
separation. The main peaks from the Mono S separation 
corresponded to fractions 30, 45 and 6264 shown in 
Fig. 3. We conclude that separation on Mono S does not 
elutc papain from the ion exchange material or completely 
separate the other proteins. 

Isoelectric jocussing of the separateA proteins 

The data displayed in Fig 4 show that the range of p1 
values obtainable using the pH 9-l I ampholytcs is 
7.8-11.4. The numbers on the graph indicate fractions 
from Fig. 3. The protein from fraction 28 had IL pl of 
II -I 1.1, as did the proteins from fraction 30. Fraction 45 
had a pl of IO.7 and fractions 62-64 had pls of 10.3- 10.4. 
two clear bands being visible. Fraction 80 had a pl of 
8.7-8.9. As well as measurements by a flat pH electrode, 
small samples of the gd were extracted with water and the 
pH was measured. Cytochromc c and lentil lcctin were 
used as standard calibration proteins. 

Sedimentation analysis of the proteins 

Protein from fractions 45 and 62 was centrifuged in a 
Beckman model E centrifuge and the M, calcula~ai. 0 was 
calculated as 0.728 using a Pharr density meter and the 

concentration was determined by a synthetic boundary 
antrifugation. The M, of the protein was 23 k and was the 
average of thra different concentrations of protein. 

N-Teminal dysis of the ~OfdN jrom Mono Q 
separolion 

N-Terminal analysis of tbc dansylatcd protein from 
peak 5 in Fig 1 or fraction 80 in Fig 3 indicated that the 
amino acid was isolcucinc. Peak 3 in Fig 1 or fraction 30 
in Fig. 3 had leucinc as the N-terminal amino acid. The 
fourth protein peak and fraction 45 bad glutamate as the 
N-terminal residue. 

Digestion o/ /%casein by the protein fioctions 

The data in Fig 5 show that the digestion of @ascin by 
the separate protein fractions is similar. There appeared to 
be ten separate fragments produced by each of the four 
proteinascs. 

Dl!XlASION 

The use of FPLC has greatly assisted in the general 
separation of enzyme and protein mixtures which are 
difficult to resolve. In the case of the commercially 
important papaya proteinaxs, recent papers [ZO. 211 have 
raised some important questionsabout the hydrodynamic 
properties of the enzymes. When we reptatal the pub 
lishcd separation% the content of papain appeared to be 
very low and the main peaks of separation, although easily 
reproducible, were heterogeneous on both ‘native’ and 
SDS polyacrylamidc gels. Theoretically, the use of an 
alkaline buffer system rather than the acid system nor- 
mally used [20] should lead to the highest pI protemax 
not being bound to the column and eluting before the 

Fig. 4. lsccbaric foausing of I& pot&use fmcticns o= the 
pH~7.~11.4100~of~pkwupboedon~ricks 
just2cmfromf&anode.Bandsofproteiowar+ual&dwith 

Cooma& Blue R250. 

Fig5.ScpntioaoffragmcntsofJ%ascinattcr lmioof 
d@uioabythcprotciMDcfra&iu from Fig, 3. Scparaticn 
was towa& the anode, the gal was I5 7’ pH 8.3. Total protdo 
wasloo&tr&andtbccurmntwas3mAfor2hr.Staiaingwas 

by Goma& Blue R250. 
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gradient begins. Subsequently the chymopapoins should 
cluteearly in the gradient followed later by papam. Papain 
will be positively charged in this system and the chymo- 
papains will either be positively charged or just at their 
isoelectric point. The high pl proteinax will be negatively 
charged. 

The original name for the proteinax with a high pl was 
papaya peptidasc A and there seems to he general 
agreement, because of the proven proteinax activity, that 
the name should now be papaya proteinasc 3. A [22] or 
papaya protcinasc CL The opinion of Barrett and Buttlc 
[22] is that the chymopapain group should k considered 
as one enzyme with multiple chromatographic forms, but 
this is opposed by Brocklchurst et ol. [23]. who identify 
IWO distinct families of chymopapam. 

There isa brgcand fun&mental diffcrena between the 
work baud on cation ion exchange FPLC separations 
[21 and the results reported here. The data of Zucka cr 
al. I! 21 J indicated three proteinascs all with M,s of 25 k. It 
would seem that very few other reports on these enzymes 
combine ion exchange chromatography, acidic gel ekc- 
trophorais and pl determination with M, studies. We 
have combined these measurements and have dearly been 
able to identify the fractions which correspond to papain 
and papaya proteinasc 3 or A (D). These two enzymes have 
also been characterized both by pl and N-terminal 
analyses. It seems clear that in all previous work these two 
enzymes have been easily separated and there is no dispute 
over their status. In addition, we have identified thra 
proteinasc molecules which are separable by acid gel 
elcctrophorcsis and also by denaturing gel elcctrophorcsis 
into high- and low-M, forms. The data displayed in Fig. 4 
show that the higher-M, protein (28 k) has a p1 of I I. 
whereas the other, lower-M, forms have pls of 10.3-10.7 
and an N-terminal of glutamrc acid. 

The main historical difficulties which have arisen in the 
nomenclature may be due to the poor separation of the 
thra enzymes which arc not papain or papaya protcinasc 
A or 3 (Cl). Brockkhunt and Salih [24] claim that there 
are four components in this group of proteinascs. The first 
to be elutal from a sulphopropyl-Scphadex column was 
chymopapin A followed by three similar forms of 
chymopapain B [24]. In a study in 1981, Polgar indicated 
that a slowly moving protein in acidic gels should be given 
a difGzrent name than chymopapain [253. This was 
generally reja%d [ 163. However, confusion over the M, 
and relative mobility in both ion exchange and acidic 
polyacryhmide gels is still apparent concerning the 
chymopapains. 

We have ckarly been abk to determine that there are 
thra proteinasc mokcuks other than papaya proteinasc 
A or 3 (n) @I I1 and 24 k) and papain @I 8.75 and 23 k) 
One of these is peak 1 in Fig. 1 and fraction 28 in Fig. 3. 
This protein has a p1 of 11.0. an hf, of 28 k and travels 
above chymopapains A and B and papaya proteinasc S2 
but below papain on acidic polyacrylamidc gels. This 
enzyme is homogeneous and dots not appear as multipk 
forms. This protein may well be the cause of the confusion 
over the M, [20.21] varying between 25 and 28 k. It is the 
only enzyme over 25 k in mass and with its high p1 should 
not be calkd chymopapain. It is almost attainly the 
papaya protdnasc B mentioned by Polgar [25], and we 
have shown for the first time that this enzyme has a greater 
44, and pl than the chymopapains. 

In our results, peak 4 (Fig 1) and fraction 45 (Fig. 3) 
have a pl of 10.6-10.7 and an M, of 24 k. This corresponds 

to chymopapain B whilst fractions 62-64 (Fig. 3) have a pl 
of 10.1-10.4 and an hf. of 24 k and correspond to 
chymopapain A. In acidic gels tbesc fmions arc ckarly 
separated. When ion exchange chromatography is over- 
loaded, these fractions exhibit closely separated multiple 
peaks but the same bands as previously described appear 
on acidic gel ckctrophorcsis. 

These data assign hydrodynamic properties to the three 
distinct families of proteinasc mokcuks from papaya in a 
way which has not been done before. OAK of the high pl 
enzymes does not fit into the chyrnopapain family and 
should be seen as a fourth papaya proteinase. 

We did not use the two protonic state probes reported 
by Brockkhurst as the data have obviously been difficult 
to icproducz in different laboratories 1221 but we are 
preparing a monoclonal antibody to the 28 k protcinasc, 
in the anticipation that an antibody IO the region not 
found in the other molecules can be prepared. It is further 
intended to use the antibody lo purify unactivatcd 28 k 
proteinasc in sufficient quantities for future detailed 
mechanistic studies. 

EXPERIMENTAL 

Materials. Commercial spraydried ppya latex was obtained 
from Powell and Schoktkld (LiverpooL U.K.). The FPLC was 
supplied by Phannuia. The chanitab were supphcd by Signa 
Ltd. 

Chraolographic analysis ojspaydti papaya &rex. A series 
of progammcd linear Endtents was used for chromatography on 
the Mono Q column Plots of Am, ool vs. grrdicnt composltton 
were cornxtcd for the vol. bctwccn the pumps and UV detector. 
including column vol. 

A pH 10.8.20 mM buffer was pnpnd by adding I.91 ml l.3- 
diamincqxoputc to distillad HIO and adjustinE the pH with HCl. 
Spray-dried latex was appbal to the coRtmn after dissolvtrq in a 
small vol. (10 ml) of 1,3diammopropanc. pH 10.8. and extcnsivc 
dialysis against 5 I. of the same bufhx overnight. There was no 
indtcation of b of total activity during dtalysis. Tlx proteins 
were elutcd by using a linear gradknt of (a) 0 0.35 M NaQ 
followed by a period of 0.35 M NaCl and finally a litnatr gradient 
from 0.03w.2 M NaCl, and (b) a linear gradient from 0.02 M 
NaCl, inuasiag at 0.00235 M NaClimin. These systems should 
elutc papaya pepticlax A first (pl of 11.0) followed by chymo- 
papain at pl 10.5 and finally papam at pI 8.5. 

PAGE. Shbs of polyacrylamick (I4 x l6cm x l.Smtn) were 
p-cd according to the method of Maurcr [26]. Tbc separ- 
anon gels were usually 15 % acrylamide at pH 4.3, the s~xer gel 
was 3% at pH 6.7, and the number of slots for spmpks was 
ad~usutcd to be either 5. IO or 20. BulTer in both the upper and 
lower ckctrcdc chambers was /?-alaninc+HOAc at pH 4.3. The 
separation was towards the cathode and pyroninc Y was uxd as 
the tmcktng dye. Gels were stained wtth 0.005 % Coomassk Blue 
R250 dissolved m 25% iro_PrQH and 10% HOAc; pets were 
&stairxd using hot IO% HOAc. In some cases. the ph were 
rata&d with an Ag stam (271. 

Scprstion &t at 15% ame used without a spacer but wtth 
0.1% SDS in tbc pl for determining rehtivc M,. The pH of the 
pb was 8.3 and tbc upper sod bcm buffer daunbm contained 
Triylycinc buffer, pH 8.3. wtth SDS at 0.1 “/, Scparatin was 
towards the anode and tbc standards war lysozyn~ (14.3 k), B_ 
baogbbulin (18.4). trypstnogco (24.0 k) and pepam (34.7 k) 

f%?&cfrfcja-urfng in pofyocryla!m& geclr. Slabs of pdyoayl- 
amidc(l2x25an x3mm)wcreprqucdusi~5%acrylamirk 
and pH !&I1 ampbolyta in tbe mixture. SuDdub in the pl 
wcrecytochrotncc @I 10.25),ttypaiooga1(p19.3)and kntilkctin 
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@I 8.65). The pH was &Icrmined in the gel after ekctrofocwing 4. Yoshikaq M.. Yoshimun. T. and Chiba, H. (1984) Agti. 

for 2 hr either by using an ekctrodc Mth a ELI hue or by dividing Biol. Ckm 1% 3185. 

Ihc gels into small dias. maararmg Ihem in disrilkd Ha0 and 5. Loukas. S.. Varoucha, D, Zioudrou, C., Sreaty. R. A. and 

dcIcrmining Ihc pH. Gels were s~amcd with Coomasstc Blue Kkc. W. A. (1983) Biocknsisrry 2t.4567. 

R250 afIer the pH profik had been dc~crmined. 6. Hussain. S. S. and Lowe. G. (1970) B&um. J. 116, 689. 

N-Termi& anolysrs. The idcnriry of I& N-Icnninal residues 7. Kamphuts, 1. G.. Kalk. K. H. and Swane. M. B. A. (1984) J 

was decamincd by the dansylation Iechnique as described by Mol. &ol 179. 223. 

Woods and Wang [ZR]. 8. Polgar. L. and Haslasz P. (1984) B~ochm. J 107. 1. 

Prorem dermuorton and puoy proreinase cut~t~ty. Prorem 9. Ghck. B. R. and Brubachcr. L 1. (1977) Can 1. Bmkm. 5. 

was dercrmincd by rhc method of Bradford [29]. Proranasc 424. 

acIinIy was assayed by the release of blue dye from Hide Powder 10. Amon, R. (1970) .Hahods Enrymol. 19. 226. 

Azure. IncubaIions were aI 25” for 1 min aI pH 6.0. lncubrtions I I. Janscn. F.. F. and Balls. A. K. (1941) 1. Btof. Ckm. 127.459. 

of Bxase.in aI I m&ml wtIh I pg of enzyme were for I 2 min. The 12. Kimmel. J. R.and SmiIh. E. L. (1954) 1. Lb/. Chem 207.515. 

pH m boIh systems was 6.0 using makate bulkr and the enzyme 13. KuninuIsu. D. K. and Yasunobu. K. T (lW7) Biochim 

preparations were ac~~vatcd by ~.cysIeinc before use. Bwphp. Acra 139.405. 

Sdimenlarion analysis o/ fhe prorem. The prorein from some 

FPLC peaks were each used for scdimcnlarion analysts. u.ung the 

model ‘E’ Beckman ulIraccnIrifuge. The temp. was 17’ (290 k) 

and the roIor spbbd was 4OCUO. The formula of Yphranrls [30] 

was used IO cakularc the molecular 111pu. M - (RT:(l 

- Pp) Q’ )u. where R IS the gas cons(BnI = 8.314 x IO’. T is the 

absolute Ianperaturc. u) (5 Ihc angular veloclry, P u the perttal 

specific volume of Ihe solure. p is the dcnslry of the solurion and o 

IS the effective rcduczd mokcular weighI. 

Proretn densrry nteprwemenrs. A Pharr dcnwty mcasunng ccl1 

[3I] was used IO obain rhc dcnsiIy of proIein solns which were 

then used for ultraccnlrifugatlon. 
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