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Abstract The aim of this research is the partial charac-
terization of proteases extracted from B. karatas; the iso-
lation and purification of proteases from B. karatas fruits
were achieved using precipitation, separation by size
exclusion chromatography and anion-exchange chro-
matography; molecular mass (MM) was determined, and
the effect of inhibitors, reducing agents and heat on
enzyme activity was analyzed. These proteases were
compared with proteases from Bromelia pinguin (B. pin-
guin) and evaluated under similar conditions. The isolation
procedure was adequate; only a few protein bands are
present in sodium dodecyl sulfate polyacrylamide gel
electrophoresis. Furthermore, zymogram analysis showed
protein bands with enzyme activity. Inhibitors, reducing
agents and heat were unable to inactivate the proteases
extracted from B. karatas and B. pinguin. The semi-puri-
fied extracts are a set of proteases with a MM of 66 kDa,
but different isoelectric points (3.5-6.5 for B. karatas and
5-9 for B. pinguin), which are found in quaternary struc-
tures with proteolytic activity. When denatured, they seg-
ment into fragments of approximately 20 and 10 kDa. The
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data indicate that these plants could be used as sources of
proteases since they present good proteolytic activity
(21.93 Ur for proteases from B. karatas and 43.58 Ut for
proteases from B. pinguin) and that B. Karatas has
potential applications comparable to B. pinguin in the food
and health industries.
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Introduction

Proteases can be classified according to the characteristics
of their active sites; this includes serine proteases, aspartic
proteases, metalloproteinases and cysteine proteases [1]. In
general, plant proteases have been used since ancient times.
They are mainly applied in the food industry (brewing,
baking, tenderizing and production of protein hydrolysates)
and as a therapeutic alternative (anthelmintic, immune
response modulators, wound healing and antitumor agents).
Examples of these enzymes are bromelain and papain from
pineapple (Ananas comosus) and papaya (Carica papaya),
respectively. They act on a great diversity of proteins [2].
However, within the Bromeliaceae family there are other
fruits such as Aguama or Guamara (Bromelia pinguin or B.
pinguin) and Cocuixtle (Bromelia karatas or B. karatas)
[3] that are considered rich in proteases and have hardly
been studied. Nevertheless, their use has origins in pre-
Columbian cultures dating back thousands of years [4].
Bromelia pinguin proteases have been mostly charac-
terized. Toro-Goyco et al. [5] reported that the pinguinain
protease obtained from B. pinguin fruit is a glycoprotein
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similar to papain that exhibits great resistance to heat
denaturation with optimal activity at 65 °C and pH of 8.2
[6]. It is also reported that pinguinain has a molecular mass
(MM) of 20 kDa [7]. In a recent study by Meza-Espinoza
et al. [8], K,, values for B. karatas and B. pinguin were
determined; Moreno-Hernandez et al. [9] demonstrated that
crude enzymatic extracts from B. pinguin fruit showed high
proteolytic properties; the proteases had adequate stability
to oxidizing agents, reducing agents and organic solvents.
On the other hand, Montes et al. [10] extracted proteases
from B. plumieri (karatas) fruits and named a protein
fraction karatasin with a MM of 24.86 kDa. However,
there is currently no data on the B. karatas proteases.
Moyano et al. [11] only performed physicochemical assays
on B. karatas peel and pulp, finding a high protein content
at an early (unripe) stage of maturity of the fruits that is
likely related to the characteristic level of proteases of the
Bromeliaceae family.

Different studies have reported associations between
proteolytic enzymes and their health effects, indicating that
plant proteases are helpful in treating digestive disorders,
skin disorders, gastric ulcers, immunological modulation,
anti-inflammatory and anticancer treatments [12—14]. They
also prevent viral diseases, are diuretics and exfoliants [15]
and have antibacterial activity [8, 16]. Thus, the isolation
and characterization of proteases from endemic plant
sources are of great interest since they can be an alternative
in the food and pharmacology industries. This is due to
their stability under various physical and chemical condi-
tions [17]. Therefore, the aim of this study was to isolate
and purify proteases from B. karatas fruits and also com-
pare them with proteases from B. pinguin fruits.

Materials and methods
Plant material

The mature fruits of Bromelia karatas (B. karatas) and
Bromelia pinguin (B. pinguin) were acquired in a local
market in Tepic, Nayarit, Mexico. The peel and seeds were
discarded, and the pulp was freeze-dried (77522020, Lab-
conco Corporation, Kansas city, MI, USA).

The general methodology of the isolation and partial
characterization of the proteases can be seen in Fig. 1.

Crude protease extraction

Crude protease extraction (CPE) was carried out according
to the methodology reported by Lopez et al. (2000) [3].
Briefly, 10 g samples was taken and mixed with 250 mL of
sodium phosphate buffer (0.1 M, pH 6.0, 5 mM of EDTA
and 5 mM of L-cysteine at 4 °C). The mixture was filtered

@ Springer

and centrifuged at 6000g for 30 min at 4 °C (Hermle,
7Z32HK, Wehingen, Germany). The supernatant was used
as the CPE.

Precipitation of proteases with ammonium sulfate

Ammonium sulfate was added (20 and 30% w/v, respec-
tively) to the CPE of B. karatas and B. pinguin [17]. The
obtained precipitate was dialyzed through a cellulose
membrane (D0530-30.8 m avg, Flat width 32 mm,
12,400 Da, Sigma-Aldrich) for 45 h at 4 °C with constant
recirculation of deionized water. Electric conductivity was
monitored during the whole process (Conductivity Meters
HANNA Instruments, HI 4521 TX, USA). The desalted
precipitates were named desalted proteases.

Concentration of proteases by ultrafiltration

The desalted proteases were then diafiltrated and concen-
trated in centrifuge ultrafiltration tubes with a MM cutoff
of 10 kDa (Amicon Ultra-15 Centrifugal Filters Merck
Millipore, Darmstadt, Germany); centrifugation was per-
formed at 4000g for 40-60 min until reaching a volume of
0.5 mL, equivalent to a volumetric reduction factor (VRF)
of 30. These concentrated proteases were analyzed in dif-
ferent ways:

(a) The samples were directly analyzed by zymography
(proteolytic activity), electrophoresis and isoelectric
focusing (IEF).

(b)  The samples were mixed with a protease inhibitor kit
(cOmpleteTM Protease Inhibitor Cocktail Tablets,
Roche Diagnostics GmbH, Mannheim, Germany)
and treated by size exclusion chromatography
(SEC). The samples were then analyzed by elec-
trophoresis and zymography.

(c) The samples were submitted to reducing and dena-
turing conditions, with dithiothreitol (DTT) 50 mM
or DTT with/without heat at 98 °C as reducing
agents and analyzed by electrophoresis and
zymography.

(d) The samples were purified by SEC and then by
anion-exchange chromatography and subsequently
analyzed by Native-PAGE, zymography and IEF.

Proteolytic activity

The proteolytic activity in the protease extracts was mea-
sured to verify that activity remained intact after extraction
and prior to prepurification. The method described by
Natalucci et al. [18] was followed; the substrate was
modified using ovalbumin. Briefly, 1.1 mL of ovalbumin
solution (1 g/100 mL) was mixed with phosphate buffer
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Fig. 1 General diagram of study of proteases prepurified from B. karatas and B. pinguin

(pH 6.0, 12.5 mM of vr-cysteine) and 0.1 mL of crude
protease extract at 37 °C. The reaction was stopped adding
1.8 mL of trichloroacetic acid (50 g/L). Then, the solution
was centrifuged (18,500g; 10 min; Hettich, Mikro 200R,
Tuttlingen, Germany) and the absorbance of the super-
natant was measured at 280 nm (JENWAY, 6705, Bibby
Scientific Limited, OSA, UK). A calibration curve with
tyrosine was used to determine the specific activity that
was defined as the milligrams of tyrosine produced per
milligram of protein per minute (mg Tr/mg prot min) at
37 °C. Protein concentration was determined by the
Bradford method [19].

Native-polyacrylamide gel electrophoresis (Native-
PAGE)

The Native-PAGE was carried out on automatic equipment
(PhastSystem Separation, GE Healthcare Bio-Sciences AB,
Uppsala, Sweden) with preformed gels (GE Healthcare,
PhastGel 20% Homogeneous, GE Healthcare Bio-Sciences
AB). The ultrafiltration-concentrated proteases of both
fruits (B. karatas and B. pinguin) were loaded onto the gel
without pretreatment, and the separation was subsequently
developed according to the Separation Technique File No.
120 of the Phast System Manual (1995). A MM standard
(26619 PageRuler Plus Prestained Protein Ladder,
10-250 kDa Thermo Scientific) was used.

Sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE)

The concentrated proteases or protein fractions were per-
formed in a 15% SDS-PAGE gel [20]. After elec-
trophoresis, the stained gels were scanned and analyzed

using Image Lab Software (Bio-Rad Laboratories). A MM
standard of 10-250 kDa was used.

Isoelectric focusing (IEF)

IEF was performed on automatic equipment (Pharmacia,
PhastSystem Separation, GE Healthcare Bio-Sciences AB)
with preformed gels (GE Healthcare, PhastGel IEF, GE
Healthcare Bio-Sciences AB). The concentrated proteases
or protein fractions were loaded onto the IEF gel. An iso-
electric point (IP) standard (GE Healthcare, PhastGel IEF
3-9 Broad pl, GE Healthcare Bio-Sciences AB) was
employed.

Zymogram (reducing and denaturing conditions)

The concentrated proteases were subjected to zymography
following the procedure proposed by Le and Katunuma
[21] in PAGE without reducing agents for each analysis,
using gelatin (1 mg/mL) as substrate for the proteases. The
PAGE was incubated in Tris—HCIl buffer (pH 8.0). The
stained gels were scanned and analyzed using Image Lab
Software (Bio-Rad Laboratories). An MW standard of
10-250 kDa was used.

Separation by size exclusion chromatography (SEC)

Samples concentrated by ultrafiltration (MCU) were frac-
tionated using a Superdex-75 chromatography column
mounted on a FPLC system (GE Healthcare, AKTA Pure
25 L, GE Healthcare Bio-Sciences Corp.). Sodium Phos-
phate buffer (0.1 M, pH 5.5) containing 10 mM NaCl was
employed for the mobile phase. Each fraction (1 mL) was
collected in a GE Fraction Collector F9-R (GE Healthcare,
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Fraction Collector F9-R, GE Healthcare Bio-Sciences
Corp.), and the absorbance was monitored at 280 nm. The
chromatogram was analyzed with UNICORN software.
The fractions were analyzed by SDS-PAGE and zymog-
raphy. Also, a concentrated sample was analyzed under this
method by ultrafiltration of B. Karatas that remained in
conventional freezing in order to determine whether the
low temperatures would have an effect.

Separation by size exclusion chromatography (SEC)
with protease inhibitors

Samples concentrated by ultrafiltration were mixed with a
protease inhibitor kit (cOmplete™ Protease Inhibitor
Cocktail Tablets, Roche Diagnostics GmbH, Mannheim,
Germany). After the reaction, the samples were concen-
trated again using the same centrifuge ultrafiltration tubes
(Amicon Ultra-15 Centrifugal Filters). The samples were
fractionated under the conditions mentioned for SEC. The
chromatogram was analyzed with UNICORN software, and
the fractions were performed by SDS-PAGE and
zymography.

Separation by anion-exchange chromatography

The samples concentrated by ultrafiltration were also sep-
arated with anion-exchange chromatography in a column
(Pharmacia, mono Q, GE Healthcare Bio-Sciences Corp.)
mounted on an FPLC system (GE Healthcare, AKTA Pure
25 L, GE Healthcare Bio-Sciences Corp.). The column was
equilibrated with Bis—Tris propane buffer (pH 9.5). The
column was washed with the same buffer afterward. The
proteins were eluted with 400 mL of a linear sodium
chloride gradient (65—-190 mM to elute proteases from B.
karatas and 80-190 mM to elute proteases from B. pin-
guin) in the starting buffer. Each fraction (8 mL) was
collected in a Fraction Collector (GE Healthcare, Fraction
Collector F9-R, GE Healthcare Bio-Sciences Corp.), and
the absorbance was measured at 280 nm. The chro-
matogram and zymogram were analyzed with UNICORN
software. The fractions were analyzed by zymography and
IEF.

Results

Proteolytic activity

The proteolytic activity of the concentrated proteases was
21.93 Uy for proteases from B. karatas and 43.58 Uy for

proteases from the B. pinguin. This means that the
extraction process did not affect the proteolytic activity,
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although it was clear that proteases from B. pinguin had
higher enzymatic activity than proteases from B. karatas.

Native-PAGE and isoelectric focusing
of concentrated proteases

The Native-PAGE shows (Fig. 2A) bands with MMs of
approximately 55-70 kDa according to the MM standard
used. On the other hand, IEF (Fig. 2B) shows the presence
of several bands corresponding to proteins with several
different isoelectric points (IPs). The proteases from B.
karatas had IPs from 3.5 to 6.5, while the proteases from B.
pinguin pls ranged from 3.9 to 8.6. The results indicate that
there are different kinds of proteases depending on the
plant species. Due to the lack of studies on this topic, the
results of this study regarding B. karatas are important.

SDS-PAGE and zymography of purified proteases
obtained by size exclusion chromatography (SEC)
with and without inhibitors

The use of inhibitors was for the purpose of ruling out the
possibility that the bands of low MM were the product of
hydrolysis after the exclusion chromatography. The pro-
teases treated with and without inhibitor were subjected to
SEC to be analyzed. In Fig. 3A one can see that the pro-
teases with and without inhibitors from B. karatas or B.
pinguin had MMs from approximately 35 to 70 kDa; this
was also observed by Native-PAGE (Fig. 2A). Further-
more, in the zymogram (Fig. 3B) it is observed that in spite
of adding inhibitors, the proteases had maintained their
proteolytic activity. The greatest enzymatic activity is seen
in the regions where the MM of proteases was registered,
which was higher when proteases from B. pinguin were
used when compared to proteases from B. karatas (Fig. 3B,
Lines 4 and 5).

SDS-PAGE and zymogram of concentrated
proteases with denaturing and reducing conditions

For practical purposes, it is of interest to analyze the effect
of denaturing and reducing conditions in concentrated
proteases, as well as measure their stability. In Fig. 4 it is
observed that the MMs of proteases from both plant species
without denaturing and reducing treatments (Fig. 4A, Lines
2 and 3) remained unchanged. However, there was a partial
denaturation when the proteases were treated with DTT
(Fig. 4A, Lines 4 and 5) observing bands with MMs
between 60 and 10 kDa; while there was a greater denat-
uration when the proteases were treated with DTT and
heat, there were bands with MMs approximately from 20 to
10 kDa (Fig. 4A, Lines 6 and 7). The highest proteolytic
activity was observed in the non-treated proteases (Fig. 4B,
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Fig. 2 (A) Native-PAGE of (A)
concentrated proteases. Line 1) Bk MW
Bk, B. karatas; Line 2) Bp, B. S —— 93
pinguin; Line 3) MW, 22(9) — 8.63
molecular weight standard. 250 - 845
(B) Isoelectric focusing of 140
concentrated proteases. Line 1) = g%g
Bk, B. karatas; 2) Bp, B. 6.85
pinguin; 3) pls, isoelectric point 66 6.55
standard
=~ 5.85
- 5.2
=~ 4.55
=35

Fig. 3 SDS-PAGE (A) and (A)
zymography (B) of concentrated 250 BkI
proteases with and without *885

inhibitors. Line 1: Bk I, 70—

proteases from B. karatas with 55—

inhibitors; Line 2: Bp I,

proteases from B. pinguin with 35=

inhibitors; Line 3: MW,

molecular weight standard; Line

4: Bk, proteases from B. karatas

without inhibitors; Line 5: Bp,

proteases from B. pinguin 15—
without inhibitors

10~

Lines 2 and 3); while the proteolytic activity decreased in
proteases treated with DTT (Fig. 4B, Lines 4 and 5) con-
firming a partial denaturalization. However, the proteases
treated with DTT and heat did not present proteolytic
activity (Fig. 4B, Lines 6 and 7), demonstrating that the
evaluated proteins are proteases and were completely
denaturalized.

Native-PAGE, zymography and isoelectric focusing
of purified proteases obtained by anion-exchange
chromatography

Another method of purification was anion-exchange chro-
matography (AEC), which was done for the purpose of
comparison with the SEC method. In the separation with
AEC, it was observed that both B karatas and B pinguin
proteases had relatively high MMs (Fig. 5A, C) coinciding
with the results obtained in SEC. White bands are observed

BkI Bpl MW Bk Bp

‘ -

in the zymogram (Fig. 5B, D), which confirmed that the
activity of the obtained proteases by this purification
method was also preserved. In the same way, their activity
coincided with the height of bands registered in the elec-
trophoresis (Fig. 5).

With the goal of finding similarities between proteases,
these were subjected to IEF. In fractions 7, 14, 17, 18, 21,
24 and 27 (Fig. 6A), proteases with different IPs were
collected from B. karatas (fraction 7, 3.75-6.0; fraction 14,
3.75-5.5; fraction 17 and 18, 3.5-4.55, fraction 21, 3.75;
fraction 24, 3.3-5.85). In some fractions, the IP’s were
repeated and presented proteolytic activity as is shown in
Fig. 5B. In the fractions 7, 12, 30 and 36 of B. pinguin
extract (Fig. 6B), proteases of different IP’s were also
collected (fraction 7, 8.2-8.65; fraction 12, 5.85-6; fraction
30, 5.9-6; fraction 36, 4.55-5.3). Only fractions 12 and 30
coincide with a band corresponding to a IP of 6. In
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Fig. 4 SDS-PAGE (A) and zymography (B) of concentrated pro-
teases without and with denaturing and reducing conditions. Line 1:
MW, molecular weight standard; Line 2: Bk, proteases from B.
karatas; Line 3: Bp, proteases from B. pinguin; Line 4: Bk DTT,

(A)
P F7 Fla

F17 F18 F21 F24 F27

B I
10 =

(B) Bk Bp

Bp Bk BP prr pIT
DTT DTT Heat Heat

proteases from B. karatas with dithiothreitol; Line 5: Bp DTT,
proteases from B. pinguin with dithiothreitol; Line 6: Bk DTT Heat,
proteases from B. karatas with dithiothreitol + heat; Line 7: Bp DTT
Heat, proteases from B. pinguin with dithiothreitol 4 heat

B)

P F7 F14 F17 F18 F21 F24 F27

©

F2 F3 F7 F12 F13 F23 F26 F30 F36

Fig. 5 (A) Native-PAGE of the fractions obtained from the anion-
exchange chromatography of the diafiltered extracts of B. karatas and
F fraction; (B) zymography of the fractions obtained from the anion-
exchange chromatography of the diafiltered extracts of B. karatas and
F fraction; (C) Native-PAGE of the fractions obtained from the
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D)

F30 F36

F2 F3 F7 F12 F13 F23 F26

anion-exchange chromatography of the diafiltered extracts of B.
pinguin and F fraction and (D) zymography of the fractions obtained
from the anion-exchange chromatography of the diafiltered extracts of
B. pinguin and F fraction
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Fig. 6 (A) Isoelectric focusing of the fractions obtained from the
anion-exchange chromatography of the diafiltered extracts of B.
Karatas and F fraction; (B) isoelectric focusing of the fractions

addition, it can also be seen that some fractions are com-
posed of more than one band of protein.

These results are interesting, because they show the
existence of different proteases that could have different
cutoff points in a protein; this is important since the pro-
teases from B karatas have not been fully studied.

Discussion

The reported proteolytic activity of proteases from B.
pinguin and B. karatas fruits is variable; for example, for
proteases from B. pinguin extract, the reported values were
11 Ug,¢/mL [6], 2.31 U.,¢/mg [8], 0.98 U.,¢/mL [16], 3.2
U/mg [17], while for proteases from B. karatas extract, the

© F24 IP

F27 F18 F17

(b) sid

52—

4.55—

3.75—§
35—

obtained starting from the chromatography of anion exchange of the
fruit of B. pinguin and F fraction

reported value was 1.2 azocol/mg min/mL [10]. In this
work, the proteolytic activity of the concentrated proteases
was 21.93 Uy for proteases from B. karatas and 43.58 Ut
for proteases from B. pinguin. The proteolytic activity of
bromelain was used as control to analyze the result, which
was 27.83 Ur. These findings highlight the high activity of
B. pinguin proteases. The proteolytic activity presented by
B. karatas, although inferior, is comparable to the control
activity and can be considered a promising result for this
little studied fruit. On the other hand, the presence of
proteins with proteolytic activity was observed in both
fruits, verifying that the techniques for obtaining the
enzymes were suitable (Table 1).

The MM of the proteins under non-denaturing condi-
tions was corroborated in the Native-PAGE of the samples
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Table 1 Protein content, activity units and specific activity of purified proteases from Bromeli Karatas and Bromelia Pinguin fruits

Vegetal species Step Protein (mg/mL)

Activity units (U)

Specific activity (U/mg protein) Purification (n-fold)

B. Karatas Crude extract 0.55 £ 0.016 3.62 £ 0.38 6.58 £ 0.70 1
I (Precipitation) 0.49 £ 0.01 249 £ 0.34 5.08 £ 0.70 0.77
II (Ultrafiltration) 0.24 £ 0.01 5.26 £ 0.003 21.93 £ 0.35 3.33
B. pinguin Crude extract 0.73 + 0.007 9.54 + 0.23 17.35 £ 0.43 1
I (Precipitation) 0.12 + 0.004 5.35 £ 0.27 41.27 £ 1.06 2.37
II (Ultrafiltration) 0.12 £ 0.003 5.40 £ 0.001 43.58 £+ 0.40 2.51

Means =+ standard deviations (n > 3) with different letters within columns are statistically different (« = 0.05)

U: activity unit (mM/min)

concentrated by ultrafiltration (Fig. 2A), where a MM from
55 to 70 kDa was observed.

IEF (Fig. 2B) shows that the samples concentrated by
ultrafiltration of both fruits are formed by a complex
mixture of proteins with different isoelectric points. The
difference between the isoelectric points leads us to think
that more information about the proteases could be found
through ion exchange chromatography. The extract of the
B. pinguin fruit presented IPs similar to those reported by
Payrol et al. [6] for extracts of B. pinguin in fruits grown in
Cuba. The IPs were between 3.5 and 6.5, for B. karatas;
data were previously unknown.

When comparing the SDS—-PAGE results of the fractions
obtained from the SEC with inhibitor (Fig. 3A, Lines 2 and
3), with the SDS-PAGE results of the fractions of the SEC
(FPLC) without protease inhibitor (Fig. 3A, Lines 5 and 6),
no difference was observed in the electrophoretic pattern,
thus ruling out the possibility that the low MM bands were
the product of hydrolysis that followed after molecular
exclusion chromatography.

The zymogram (Fig. 3B) of the samples concentrated by
ultrafiltration with and without inhibitor showed partial
inhibition of the enzymatic extracts of both fruits. In
addition, the 20 kDa and 10 kDa bands previously
observed in SDS—PAGE could be subunits of a quaternary
enzyme structure; this was reaffirmed when the zymograms
used to determine the effects of reducing and denaturing
agents were analyzed. The concentrates treated with heat
and DTT (Fig. 4) showed low MM bands; this could be the
product of the separation of quaternary structures into
protein subunits.

Observing proteolytic activity only in the high MM
bands (Fig. 4), it can be proposed that the proteolytic
enzymes must consist of a quaternary structure (approxi-
mately 55 kDa) to present the proteolytic activity men-
tioned above. The MM of the proteins under non-
denaturing conditions was about 55-70 kDa (Fig. 2A);
similar results were reported by Singh et al. [22], who
performed electrophoresis under reducing and non-
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reducing conditions of a serine protease extracted from
Morus indica cv. K2. They found it had a MM of
approximately 120 kDa under non-denaturing and 66 kDa
under denaturing conditions as confirmed by MALDI-TOF
MS/ES™, a dimer with subunits of 67.195 and 67.302 kDa.
Additionally, they discovered through zymography that the
serine protease presents activity only when it is in its dimer
conformation. When comparing the results obtained in the
present work with that of Singh et al. [22], it is confirmed
that the proteases present in the analyzed diafiltrates
extracts have the quaternary structures necessary for pro-
teolytic activity.

The decrease, but not the absence of proteolytic activity
by the effect of DTT, is interesting (Fig. 4B); this behavior
may be due to the fact that DTT is a reducing agent of
sulfhydryl groups, which is used to eliminate the disulfide
bonds between one or more polypeptide chains. However,
it is also known that at low concentrations, DTT protects
the proteolytic activity of extracts of B. pinguin [23],
because it favors the formation of sulfhydryl group (-SH),
allowing the active site of the enzyme to be active. It is
important to note that similar effects of DTT on B. karatas
were observed in this study; one could consider that its
proteases are also cysteine proteases.

The effect observed when combining DTT and heat
could be due to the fact that proteins with quaternary
structures are separated into their respective subunits after
the interactions that stabilize such structures—hydrogen
bonds and disulfide bonds—disappear [24], resulting in the
observed loss of activity.

Zymography (Fig. 5B, D) and IEF (Fig. 6) showed that
for B. pinguin, some fractions are composed of more than
one protein band, so that the activity observed in the
zymogram (Fig. 6) cannot be the product of a single
enzyme or a set of these with relatively close IPs, while for
B. karatas fractions 7, 14, 17 and 18, only the IP bands are
repeated in fractions 17 and 18. This leads to the
assumption that extracts of B karatas are composed of at
least three distinct proteases. This is important, since



Appl Biol Chem (2018) 61(4):459-467

467

several proteases can cut a protein at different sites and
translate into generation of lower MM peptides [25].

The proteolytic activity of extracts of B. karatas,
although lower than those of B. pinguin, is comparable
with bromelain; its MM is similar to the extracts of B
pinguin. It also presents similar proteolytic stability to B.
pinguin before inhibitors and DTT, so it could be thought
that it is also a cysteine protease. It can be adequately
purified by SEC or AEC and have IPs of 3.5-6.5. Unlike B.
pinguin, it could be considered that the extracts in B.
karatas are composed of at least three distinct proteases,
which would allow it to have a greater number of protein
cut sites and generate smaller peptides, an interesting fea-
ture in a protease. This shows the importance of further
study on the extracts of this fruit.
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