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Abstract

We describe the changes in peptide composition by SDS-PA®& words
analysis of latex fronCarica papayacollected at various times after- Carica papaya
incision of the unripe fruit. The data show that during latex coagutalatex

tion several peptides are processed in an orderly fashion. - Endopeptidase
- Cysteine proteinase

« Papain
- Coagulation

A variety of plants contain endopepti-period of 20 min, which encompasses the
dases in their latex as part of their proteitime required to produce a clot. Latex was
constituents. For instance, latex from theollected at various times (1-1200 s) follow-
unripe fruit of the papay@&aricapapayal. ing a single wounding of the fruit with a steel
contains a mixture of cysteine endopeptirazor blade. The samples were collected
dases, such as papain (EC 3.4.22.2), chymat #C in water or 20 mM iodoacetamide
papains A and B (3.4.22.6), papaya endopeftAA) (1/1, v/v) and immediately stored at
tidase Ill, papaya endopeptidase IV (1,2) andr0°C until used. IAA was used to interrupt
a recently identified one designated as erspontaneous protein processing due to pro-
dopeptidase (3). Fresh or dried latex ob- teinases. Control samples were collected
tained from leaves or fruits @faricapapaya in water to determine the inhibitory effect
following injury contains proteolytic en- of IAA. Protein determination was carried
zymes. The bleeding process goes on for @ut by the Bradford method (5). The samples
few minutes until a latex clot forms on the(4 pg) were electrophoresed according
affected area. This defense process strongtg Laemmli (6) for 2 h at 110 V and 15 mA
resembles blood coagulation and clot formaat &C. Methyl methane thiosulfonate
tion during wounding in mammals (4). We(MMS) was added to a final concentration
propose that these two phenomena bear soragé 2.5 mM before heat denaturation to
similarities and that latex proteinases play @revent degradation during electrophoresis.
role akin to blood coagulation factors en-Protein bands were visualized by silver stain-
dowed with proteolytic activity. ing as previously described (7). The molecu-

To evaluate the steps involved in clotlar weight standards were bovine albumin
formation, we analyzed by electrophoresi€66,000), lactic dehydrogenase (36,500),
the spontaneous latex transformations for earbonic anhydrase (29,000), trypsinogen
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Figure 1 - SDS-PAGE of latex
fractions from Carica papaya. La-
tex was collected in an equal vol-
ume of H,O or 20 mM iodoacet-
amide (IAA) at various times fol-
lowing an incision of the unripe
fruit and immediately cooled to
-70°C. Aliquots (4 ug) were heat-
denatured for 1T min with or with-
out methyl methane thiosul-
fonate (MMS) and loaded on
each lane of the gel. The run
was performed at 8°C followed
by silver staining. Densitometry
was done with stained dried
gels. A profile similar to that
shown in the figure was ob-
tained in triplicate experiments,
each using different latex stocks.
The first lane of each gel con-
tains the molecular weight stan-
dards. Groups a-d: a, >36.5 kDa;
b, 26-38 kDa; ¢, 22-25 kDa; d,
12-18 kDa.
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(24,000) anax-lactalbumin (14,000). largest peptides (>36.5 kDa), group b con-

A complex pattern of 5 to 21 bands ofsisted of peptides with a size next to the
different intensities was observed on eaclargest ones (26-38 kDa), group ¢ contained
lane of the gels (Figure 1). Based on theipeptides of intermediate size (22-25 kDa)
migration, the bands were grouped into 4nd group d the smallest peptides (12-18
classes (a, b, c, and d). Group a contained tkBa). Samples stored in water showed sim-
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pler profiles than those collected in IAA,remaining period, IlI) peptides showing a
suggesting that water permits sample degraather continuous decline until attaining a
dation to occur before and/or during electrobasal level, 1l) peptides that increased until
phoresis. Samples run without MMS showedeaching a plateau, 1V) peptides remaining
fewer bands (Figure 1), particularly whenunchanged during the interval, and V) pep-
they had been collected with water. Undetides that decreased until they were no longer
this condition (HO-MMS) almost no pro- detected on the gels. The remaining peptides
tein remained in the gel after silver stainingnot included in Table 1 displayed random
A comparison of latex profiles in Figure 1variations in their content that could not be
shows two major peptide groups, one of 28fitted into a curve by regression analysis, and
26 kDa and the other of 14-17 kDa. Exceptherefore were excluded from further analy-
for latex collected in water and run in samplesis.
buffer without MMS, the other electropho- In each group, the major profile changes
retic conditions preserved this overall protook place between 1 and 120 s, which is
file. We interpret these data to indicate thaabout the time when the clot is being formed.
IAA and/or MMS prevent latex proteolysis This situation led us to assume that these two
during sample handling before electrophophenomena are linked. We interpret these
resis and/or during the run. For a comparaesults to indicate that a sequential process-
tive analysis of the proportion of each peping of some peptides takes place during clot-
tide in the mix, we scanned each lane bying, along with the formation of other pep-
transmission densitometry at 430 nm using ides. The processing profile of peptides in
Hitachi laser densitometer supplied with CQyroups la and b can be explained by separate
9301PC software. Each sample correspondimming steps involving a transiently accu-
ing to the various collection times was rummulating peptide. The profile changes of the
and analyzed on the same day to minimizeemaining groups (II-V) can be explained by
variations within gels. The intensity of a
single band on each lane was related to a
standard peptide (internal standard) whose
concentration remained constant at the vari- The relative variation of each band was determined by densitometry and analyzed with
ous intervals studied. The relative mass of CS9301PC software (Hitachi) using the less variant peak as standard. The estimated
each peplide in the samples was determinec{y#257 103 oreact o s siov raeriiess Saoes e oo
by linear regression analy5|3 of protein stan- added (+ MMS) or not (- MMS) to the sample buffer. The orientation of the arrow
dards run together with the samples (Figure shows the direction of change of relative amount of the peptide.
1).

The changes in the relative content of
selected peptides during the period (1-1200 ) s & s => 3, (47); a; (45)
s) studied were obtained by plotting the rela- a3 (43); a4 (42)
. . . as (40); by (38)
tive areas of each band against the different by (37): b (35)
times at which the samples were collected. bs (32)
The summary of these results is shown in | -
Table 1. The data obtained for each peptide by (33)
were fi.tted ipto curves by regression analy- = dy (18] 0+ ds (18] ap(52]
sis using Sigmaplot software and further cq (24); ¢ (22)
classified intp five categories: |) peptides )= 24 (38) bs (28); 01 (24)
showing an increase that peaked before 2 o (22)
min, after a transient drop followed by a V)™ a1 (54)
decrease and stabilization throughout the

Table 1 - Changes in the relative content of some peptides during latex coagulation.

Peptide variation |AA + MMS IAA - MMS H20 + MMS  H20 - MMS
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simpler processing steps. Preliminary unsamples reflects the peptide composition at
published observations have revealed thdhe time of collection.
proteolytic activity can be detectedibitu We cannot rule out the possibility that
SDS-PAGE experiments at early intervaldinding of MMS modifies the migration of
(3-5 s) after fruit incision, followed by pro- peptides containing reacting cysteine resi-
gressive increases at later intervals. A qualdues due to abnormal disulfide bridge for-
tative comparison of the amount of enzymenation between enzymes and/or between
elicitedin situ at different intervals suggestsenzymes and the inhibitor.
that its level must be minimal at zero time, Interestingly, some of the peptides pro-
implying that protease activation occurs onhyduced without MMS (g ¢,) may represent
after injury (data not shown). some of the proteolytic activities known to
The presence of papain precursors bdée present irCarica papaya(1-3,11-14).
tween 39-24 kDa irC. papayawas previ- We propose here that some of these protein-
ously demonstrated (8,9). Some of thesases may play an active role during latex
propapains (38 kDa) are of a size within theoagulation.
range of the protein bands described here. It is tempting to establish a parallel be-
Previous work (8) described an intramolecutween this phenomenon and the blood co-
lar mechanism which accounts for the conagulation cascade evolved by mammals in
version of propapain to papain. Howeverwhich a group of serine proteinases is in-
attempts to produce active papain followingrolved (4). The fact that latex proteolytic
in vitro translation of larger precursors wereenzymes are cysteine proteinases does not
unsuccessful. Based on the preliminary eviehallenge this notion since cysteine enzymes
dence ofin situ SDS-PAGE experiments, might be the products of independent evolu-
indicating the sequential activation of at leastion.
four distinct proteolytic activities in latex A quite different defense mechanism oc-
(data not shown), we favor the notion of aurs in latex fronevea brasiliensisA lec-
processing assisted by other enzymes. tin-like protein called “hevein”, the major
A closer examination of samples col-protein of vacuolar structures in the latex of
lected with IAA and electrophoresed with orthe rubber tree, is involved in the coagula-
without MMS showed that most of the largettion of latex by polymerizing rubber mono-
peptides in group a were absent in samplesers (15). Interestingly, the C-terminal re-
run without MMS. In fact, the overall profile gion of “hevein” shares homology with
for each time in IAA-MMS (Figure 1) shows wound-inducible genes. Wound-inducible
a significant loss of each of the componentgenes are part of a systemically induced
Also, the initial accumulation of peptides a defense mechanism found in leaves from
a, seen with MMS (Table 1) was absentycopersiconesculentumand Solanum
when MMS was not added to the SDS-runtuberosun{l16). In this case, genes encoding
ning mix. It was concluded that some proproteinase inhibitors are expressed in re-
cessing of samples occurred during electresponse to leaf wounding. It will be interest-
phoresis. Previous studies (10) revealed thirig to find out if the expression of wound-
the addition of 2% SDS and 5 mM DTT toinducible genes involving proteinase inhibi-
the samples did not prevent significant degtors occurs in Caricaceae.
radation by the remaining endogenous pro-
teinases during electrophoresis &€.8We Note added in proof
therefore suggest that the combination of
IAA + MMS blocks further processing of ~ While this manuscript was being re-
latex, so that the SDS-PAGE profile of thes&iewed, we obtained additional evidence of



Latex profile in C. papaya 619

the sequential activation involving protein-ase (22 kDa) that peaked between 5 and 60 s.
ases in latex fron€. papaya In situ meas- Fractions collected after 60 s showed a par-
urement using SDS-PAGE of the proteinasgal reduction of this activity, whereas a larger
activity of latex fractions collected at differ- proteinase became visible after 3 min.

ent times showed the activation of a protein-

tein-dye binding. Analytical Biochemistry,
72:248-254.

Laemmli UK (1970). Protein electrophore-
sis in slab gels. Nature, 227: 680-683.

Mitchel REJ, Chaiken IM & Smith EL
(1970). The complete amino acid se-
quence of papain. Journal of Biological
Chemistry, 245: 3485-3492.
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