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Abstract

Bromelain is a proteolytic enzyme derived from pineapples and categorized as
a cysteine protease. This enzyme is widely used as an anti-inflammatory agent
in therapeutic applications. In this study, the molecular interactions of bromelain
against phospholipase A2 (Pla2), a target protein in inflammatory diseases, were
investigated. The knowledge of the structural properties and mechanism of
bromelain is limited because of the unavailability of its structural information.
Therefore, a comparative modelling study was conducted using MODELLER
9v14 to predict the three-dimensional (3D) model of stem bromelain and to
investigate its structural properties. The 3D model of bromelain was
successfully predicted through Homology modelling approach. Pocket detection
was conducted, functionally and structurally important residues of the
bromelain model were identified, and its cleft and ligand binding site were
determined. Protein-protein docking was performed to predict all possible
binding modes between bromelain and Pla2. Amino acids involved in the
interactions between bromelain and Pla2 were identified. A few functional
conserved residues located in the largest cleft of the model were involved in
bromelain-Pla2 binding interactions

Keywords: Binding site prediction, Bromelain, Homology modelling, Sequence
analysis.
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1. Introduction

Bromelain is an enzyme found in pineapples (Ananas comosus) belonging to
Bromeliaceace. This enzyme can be extracted from various parts of pineapples
including leaves, crown, bark, and stem [1], and can be categorized as a protease
because it refers to a group of enzyme that hydrolyses the peptide bonds of proteins.
In the presence of oxidizing agents, the sulfhydryl group of cysteine becomes
oxidized, and a disulfide bond forms. In addition, bromelain possesses a catalytic-
diad that consists of nucleophiles, such as cysteine and histidine that are
evolutionarily conserved in all cysteine protease groups.

Cysteine protease are present in all living organisms. This enzyme can be found
in viruses, bacteria, fungi and plants. Papain is one of the family of cysteine
protease from plants that have been characterized and have known crystal structure.
The papain family contains peptidases which are structurally related to the papain.
Papain is characterized by a two-domain structure and the active site (Cys25 and
His159) is located between the domain [2]. The enzymatic activity of cysteine
protease is related to the presence of the catalytic diad formed by the cysteine and
histidine. The main activity of this enzyme is metabolic degradation of peptides
and proteins. Bromelain is categorized as cysteine protease has been widely
investigated because of its exploitable properties and extensive applications in
therapeutics and food industries [3-5].

In therapeutic applications, bromelain is used as an anti-inflammatory agent
because of its tendency to inhibit inflammatory activities from a selected target
protein [6]. In food industries, this enzyme is used as meat tenderizer, anti-
browning agent, and food supplement [7-9]. Although bromelain has many uses,
its functions and chemical mechanism have yet to be fully understood, especially
at molecular levels. To date, a crystal structure of bromelain is yet to be available
for researchers. Therefore, this study aimed to conduct sequence analysis, predict
the tertiary structure of bromelain, and identify important functional residues in
ligand binding sites of bromelain using in silico approaches. Since bromelain shows
a great potential as an anti-inflammatory agent, thus the finding from this study
could be used for further investigation on the structural and functional properties
of this enzymes using experimental and molecular modelling approaches.

2. Materials and Methods

2.1. Sequence analysis and template search

The bromelain sequence with an NCBI accession number of ADY68475.1
(residues 1 to 291) was used as input data for PSI-BLAST against protein data bank
(PDB) to identify its homologous structures [10] . In this study, sequence analysis
was conducted for two groups by using CLUSTAL OMEGA. The first group
involved random bromelain sequences, and the second group covered cysteine
proteases derived from different families, namely, human procathepsin K (PDB ID:
1BY8), recombinant barley cysteine endoprotease (PDB ID: 2FO5), Evartamin C
(PDB ID: 100E), cruzain (PBD ID: 20Z2), and actinidin-E-64 (PDB ID: 1AEC).

Protparam was used to estimate and determine various properties, such as molecular
weight, theoretical isoelectric point (pl), amino acid composition, total number of
negatively band positively charged residues, instability index, and aliphatic index. The
subcellular localization of protein was predicted by CELLO [11, 12].
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2.2. Bromelain structure prediction and model evaluations

The secondary structure of bromelain and the tertiary structure of bromelain were
predicted by PSIPRED and MODELLER 9.18, respectively [13, 14]. In our study,
the models were generated through multiple template modelling. The models were
evaluated based on the lowest energy produced from the modelling. These models
were then refined and evaluated using ProSA and ModRefiner [15, 16].
Ramachandran plots were also drawn for each model [17].

2.3. Bromelain binding site predictions and docking simulation

Relevant amino acids involved in ligand binding were predicted by using the
program Cofactor [18]. Pockets were predicted and the druggability of
bromelain was assessed in DogSiteScorer [19]. The cleft for the detection of
local binding site similarities was analysed by IsoCleftFinder [20]. The
sequence of bromelain functioned as an input file in ConSurf to determine
conserved functional and structural amino acids [21]. The functional site of
bromelain was predicted by utilizing POOL [22]. Protein-protein docking
between bromelain and phospholipase A2 (PLA2) was performed using PIPER
[23] from Schrodinger.

3. Results and Discussion

Previously, the prediction of bromelain model was conducted based on a single
template modeling [24]. However, the model that was predicted using single
template needed further refinement and quality assessment in order to obtain the
most accurate model. A consensus has been developed that the protein structure
prediction via multiple templates is more accurate than the single template
because it will cover most of the target sequence. Thus, in this study,
the secondary and tertiary structures of bromelain were predicted using
multiple templates, and the accuracy of prediction depended on the degree of
sequence similarity.

3.1.Sequence analysis and template search

The amino acid sequence of bromelain that contained 291 residues was saved in
FASTA format. PSI-BLAST search revealed that all the potential homologous
structures consisted of protease-conserved domains belonging to a putative
flagellar system-associated. From the result of PSI-BLAST, the first hit with the
highest score was selected as a template for homology modelling. The top four hits
(Table 1) were protein with PDB code, 3TNX (42% identity), 1S4V (53% identity),
2FO5 (50% identity), and 1IWD (49% identity).

Twelve bromelain sequences from different species with amino acid lengths of
250-350 were subjected to multiple sequence alignment to identify the conserved
residues. Thirty conserved residues were obtained (Fig. 1). All of the conserved
residues consisted of polar, non-polar, acidic, and basic groups of the protein. Most
of the conserved residues, such as Tyr, Asn, Gly, Thr, Gln, and Cys, belong to the
polar group, followed by the non-polar (Phe, Trp, Ala, Val, and Pro), acidic (Glu
and Asp), and basic (Arg and His) groups of the protein.

Journal of Engineering Science and Technology = December 2020, Vol. 15(6)



4262 F. M. Tap et al.

Table 1. Top four hits for bromelain templates from PSI-BLAST results.
Template  Sequence identity %  Prosa z-score

3TNX 42 -8.83

1S4V 53 -7.98

2FO5 50 -7.07

1IWD 49 -6.75
EM549247.1 SKHYSCQQEEEMRFQVFKNNTNAIGQFDQONPGTVIGRGFQPGGSQTNSRGGVRMNRFGD 113
EMTE@1152.1 SKRYPTPEEKEKRFQUFKTNTNSIGAFASQTTVNAVVGGFGPQ- - -TVTTVRVGMNRFGD 188
EMS56438.1 SKRYSCHEEEEKRFGVFKTNTNSIGAFASQTTVNAVWGGFGPQ---TVTTVRVGMNRFGD 101
EMT1514@.1 SKRYSCHEEEEKRFGIFKTNTNSIGAFASQTTVNAVWGGFGPQ---TITTVRVGMNRFGD 181
EMTE@387.1 GREYTDAAEK LRRQEVFAANARHVEAVNRAG--------=-=====~ NRTYTLGLNQFSD 93
EXB55748.1 GRSYENDAEKKKRFKIFKDNVNFIERFNKGE ===~ NRTYKMSINKFAD S5
XP_elee94328.1 GRSYENDAEKKKRFKIFKDNVNFIERFNKGE - -NRTYKMSINKFAD &85
BROMELAIN GRVYKDNDEKMRRFQIFKNMNVNHIETFNNRN--- - GNSYTLGINKFTD 88
BAA21928.1 GRVYKDNDEKMRRFQIFKMNVNHIETFNNRN ===~ GNSYTLGINKFTD 48
BAA22544.1 GRVYKDNDEKMRRFQIFKNNVNHIETFNSRN- -ENSYTLGINQFTD &8
AGS78388.1 GRVYKDNDEKMRRFQIFKNNVNHIETFNNRS -- - - GNSYTLGINQFTD 88
sp|Paegsd. 2| GRVYKDNDEKMLRFQIFKNNVNHIETFNNRN== === === e e m e me GNSYTLGINQFTD 88

x x x  ox x x % x
EMS49247.1 LSPTEVLOQFTGLNTTSLNATSPTYLPYH= - == - - -SFKPCCVDWRSSGAVTEVKNGSTC 166
EMT@1152.1 LNPSEVAEQF TGFNNSVFTPEHPSPLPYD -SWKPCCVDWRSSGAVTGVEKRQGSC 161
EMS5643@.1 LNPSEVVEQFTGFNNTAFRTPKPSPLPYH- - - - - - -SWKPCCVDWRSSGAVTGVKAQESC 154
EMT15148.1 LNPSEVVEQFTGFNNTAFRTPKPSPLPYH= === === SWKPCCVDWRSSGAVTGVKAQSSC 154
EMT@8387.1 LTSEEFAEKHLGYRHQH- -GVDSTPVAAVNMSNAQFDS TPDSVDWRAAGAVTQVENGGSC 151
EXB55748.1 MTREEFLKKF TGWKMPDHRS INLESDVKMSFRYENVDDAPPYMDWRERGAVTPIKHHYC 145
XP_010094328.1 MTREEFLKKF TGWKMPDHRS INLESDVKMSFRYENVDDAPPYMDWRERGAVTPIKHOHYC 145
BROMELAIN MTNNEFVAQYTGGI - - - SRPLNIEKEPVVSFDDVNISAVGQS IDWRDYGAVTEVKDQNPC 145
BAA21529.1 MTHNEFVAQYTGGI- - -SRPLNIEKEPVVSFDOVNISAVGQS IDWRDYGAVTEVKDOQNPC 185
BAA22544.1 MTHNEF TAQYTGGI- - -SRPLNIEREPVVSFDOVDISAVPQS IDWRDYGAVTSVENGNRPC 145
AGS78388.1 MTDNEFVAQYTG- -SLPLNIEREPVVSFDDVDISAVPQSIDWRNCGAVTSVE PC 144
sp|Peess4.2| MTHNEFVAQYTG-L- - -SLPLNIKREPVVSFDOVDISSVPQSIDWRDSGAVTSVENGGRE 144
- = EkE EEREE ® *
EMS48247.1 184
EMT@&1152.1 186
EMS5643@.1 173
EMT15148.1 164
EMTB@387.1 218
EXBS5748.1 285
XP_918094328.1 205
BROMELAIN 283
BAA21929.1 163
BAA22544.1 203
AGS78388.1 282
sp|PE@EE4. 2| 282
EMS43247.1  ----- YPYAGFQGKCDVDK LLFDHQASVKGFKAV - - FPNNEAQLATAVAMQPVTAYIDAS 237
EMT@1152.1 et VKGFKAV--PPNDERQLALAVARQPVTVYIDAS 217
EM556438.1 - - LVGHGMQGSCOVDKQLFDNEVSVEGFEAV - -PPNDEHQLALAVAMOPVTVYIDAS 232
EMT1514@.1 ----- YPYSGIQGSCOVDKSLFDNQASVKGFKAV- - FPNDEHQLALAVAMQPVTVYIDAS 217
EMT@@387.1 QPEESYAYTGQQGACRSSSVS -PNSAASIGAPRMVELHGDEGTLQELAARQPVAVPVEAD 269
EXB55748.1 TSEANYPYQGYMNYCRARSYP - -AFASITGYENV - -PASNERALLQAVSRQPVSAIIDAD 261
XP_@180894328.1 TSEANYPYQGYMNYCRARSYP--AFASITGYENV--PASNERALLQAVSRQPVSAIIDAD 261
BROMELAIN ASEADYPYQAYQGDCAANSIWP - -NSAYITGYSYV--RSNDESSMKYAVWNQPIAAAIDAS 259
BAA21929.1 ASEADYPYQAYQGDCAANSWP - -NSAYITGYSYV- -RSNDESSMEYAVWNQPIAAAIDAS 219
BAAZ2544.1 ASGAIYPYKAAKGTCKTNGVP - -NSAYITGYARV--PRNNESSMMYAVSKQPITVAVDAN 259
AGS78388.1 ASAATYPYKASQGTCRTNGVP - -NSAYITGYTRV--QSNNERSMMYAVSNQPIAASIEAS 258
sp|Psessa. 2| ASAATYPYKAAKGTCKTNGVP - -NSAYITRYTYV- -QRNNERNMMYAVSNQPIAAALDAS 258
EMS45247.1 GFEFQFYSGGEIVRG- -PCSA- - -NVHRVT IVGYCEGPAEGDKYWIAKNSWSNDWGEQGY 292
EMT@1152.1 TWEFQFYSGGIFRG--PCSADAATVNHAVTIVGYCEEF - - SEKFWIAKNSWSNDWGDQGY 273
EMS56438.1 AWEFQFYTGGIYRG- -PCSSDAARVNHAVTIVGYCEGPGENNKYWIAKNSWSNDWGDQGY 298
EMT1514€.1 AWEFQFYTGGIYRG- -PCSSEATRVHHIVT IVGYCEGPGDNNK YWIAKNSWSNDWGDRGY 275
EMT@R387.1 R-DFQHYMRGVYTGSS5CGQ- - -NLYHEVTVVGYGTDS ~-GGQAYWMVENQWGTGWGEGGY 324
EXB55748.1 - -MIEFYAGGVIAY - -NCGT---ALNHAILIVGYGTTQ-DGIDYWLVENSWGVDWGEQGY 313
XP_818834328.1 - -MIEFYAGGVIAY--NCGT---ALNHAILIVGYGTTQ-DGIDYWLVENSWGVDWGEREY 313
BROMELAIN GDNFQYYNGGVFSG--PCGT---SLHHAITIIGYGQD= === === === mcmemcmanan 291
BAAZ1929.1 GDNFQYYNGGVFSG--PCGT - - -SLNHAITIIGYGQDS - SGTQYWIVENSWGSSWGERGY 273
BAA22544.1 A-NFQYYKSGVFNG- -PCGT - - -SLHHRVTAIGYGQDS -NGKK YWIVKNSWGARWGEAGY 312
AGSTE388.1 G-DFQHYKRGVFSG--PCGT-~--SLWHAITIIGYGQDS ~SGKKFWIVRNSWGASWGERGY 311
sp|P8ess4. 2| G-NFQHYKRGVFTG--PCGT - - -RLNHAIVIIGYGQDS - SGKKFWIVRNSWGAGWGEGGY 311
. = = e £ ex

Legend:
* = Conserved residues

Fig. 1. Multiple sequence alignment of the 12 bromelain enzymes.
The highlighted blocks showed the conserved catalytic residues, such as
GIn142 (red block), Cys148 (green block), and His281 (blue block).

Journal of Engineering Science and Technology = December 2020, Vol. 15(6)



Sequence Analysis, Multiple Templates Structure Prediction and Binding . . . . 4263

The multiple sequence alignment between bromelain and cysteine proteases
from different families was also analysed to investigate the conserved catalytic
residues (Fig. 2). The sequence alignments shown in Figs. 1 and 2 indicated that
the catalytic residues of stem bromelain consisted of His281, GIn142, and Cys148
that acted as nucleophiles. These residues were highly conserved (Figs. 1 and 2).

2pE2 000 me=—e- APAAVIWRARGAVTAVEDLIGRCGS
BROMELAIN DVEEEAVGOS I DWRD Y GAVTEVRD
1BY8 PEWEGRAPDSVDYRERGY VI PVENLGOCGS
2F05 ===V EDLPPEVINRQRGAVTIGVEDLIGRCGS

WAFSAIGNVECOWELAGHPLTNLSEQMLY
SAIATVEGI YRIVIGYLVSLSEQEVL
F3SVGALEGQLRRRTGRLINLS PONLV
FETVVEVEGINAIRTGELVELEEQELI

IAEZ = =====- LPSYVIWRSAGAVVDIRS[ FECGGIMAFSATATVEGINKIVIGVLISLSEQELT
1080000 - LEEQIDWRERGAVT PVENLIESCGa WA RS TVSTVESING IRTGNLISLSEQELY
- o - ek e e - - - &
1 2
2oz2 SCDRT--DS8GCSG6LMNNAPERI VOENNGAVYTEDSYPYASGEGI SPPCT T-SGHTVGAT
BROMELAIN DCAVS - —-NGCDGGFVDNAYDET I - - SNNGVASEADYPYQAYQGDCAANSH-—— —— PNSAY
1BY¥8 DCVSE--NDGCGEGYMTNAPQYVE——ENRGIDSEDAYPYVGEESCMYNPT ———GRARR
2Fr05 DCDTA-INDGCQEELMINAFEY IR -~ NNGGLITEARYPYRAARGTCNVARRAGNS PYVVH
1REC DOGRTONTRGCNGEY ITDGFQPI I --MNGG INTEENYPY TAQDGECNVDLO-=--NERYVT
100E DCDRR--NHGCLGGAFVEAY QYT I --NNGGI DT QANYPYRAVRGPCQRRA -~ ===~ SEVVS
- L - -
20z2 I TGHVELPGDEAQ- IARWLAVNGPVAVAVDAS--SHMI Y TGGVHT S -~ CVSEQLOFGVLL
BROMELATN [ TGYSYVRSNDESSMK YAVW-NQP LAAR I DASGDNFQY YNGOVFSGPC--GTS T1
1BY8 CRGYREIPEGNERALRRAVARVSEVSVAI DASL TS FREY SRGVY Y DESCN S INLNHAVLA
2F05 IDGHQDVPANSEEDLARAVA-NQPVSVAVEASGEAFMEY SEGVETGEC-~GTELDHGVAY
1REC DT Y ENVEYNNEWALQTAV T~ Y QP VSVALDARGDAFRQY SSGI FTGPC- ~GTAIDHAVT T
100E I DG YNGR PN AL RCAVA- VO P STVAI DASSAQFQOY 2 SGI FEGPC-~GTRLNHGVTI

- - & & - -

Legend:
* = conserved residues

Fig. 2. Multiple sequence alignment of the 12 bromelain enzymes.
The highlighted blocks showed the conserved catalytic residues,
such as GIn142 (block 1), Cys148 (block 2), and His281 (block 3).

Table 2 showed the predicted chemical and physical properties of bromelain. These
predicted parameters were important for development of experimental study. The
aliphatic index of the protein is defined as the relative volume occupied by aliphatic
side chains (alanine, valine, isoleucine, and leucine). Instability index provides an
estimate of the stability of proteins in the application of using this protein in laboratory
work. The negative GRAVY value shows that bromelain had a hydrophilic property.

Table 2. Physical and chemical properties of bromelain

Residue  Molecular Instability Aliphatic  GRAVY
weight Index index
Bromelain 291 32299.77 33.47 (stable) 68.04 -0.295

3.2. Structural prediction and model evaluation

The secondary structure of the bromelain model was predicted using PSIPRED (Fig.
3). This bromelain model consisted of 36% of helix, 6% of strand, and 60% of coil.

The top four protein structures with the highest scores were selected as
templates for homology modelling. These protein structures were 3TNX (42%),
1S4V (53%), 2FO5 (50%), and 1IWD (49%), and 200 models were developed
using MODELLER. The best model was selected based on the lowest energies of
DOPE and Molpdf. Model101 with DOPE (—3009.63) and Molpdf (9190.44) was

Journal of Engineering Science and Technology = December 2020, Vol. 15(6)



4264 F. M. Tap et al.

selected as the best model (Fig. 4). Loop modelling was performed on residues
between Metl and Pro29 because this region was modelled without any templates.
Our results revealed that 100 conformations were produced, and ten models were
chosen for further evaluation based on the lowest DOPE energy [25].

: jlaasniEEENEEEENEENEsaoocNENEEN oD ENN EEREERE

Lpp—, |

: CCCHHHHHHHHHHHHHHHHHHHCOCCOCOCOCCHHHHHHHHHEHH

MASKVQLVFLFLFLOVMWASP SAASRDEP SDPMMKREEEW
10 = 30 a0
jEEE-HennENcEEENEREENEEREEEREEN R o BN EEan=t
)]

HHHCOCCOOCOCHHHHHHHHHHHHHHHHHHHHHHOCOOCOEE
: MAEYGRVYKDNDEKMRRFQIFHENNVMHIETFNNRNGHNSYT

E:U F:.--') ';(_\ .‘_:.U
: JonlEnoniEN-ENENEED - EENNENEEEENENEEEnnnEEE
: T
= CCCCCCCCCCHHHHHHHHOCCOCCCCOCCCCCOoCCCCoCCCCOC
LGINKEFTEL >M'1l'NN EI)—"JAU\"T(.'.( FISRPLNIEKEPVVSFDDVN

S0 100 110

: JINEENEsSassnENEENENNERENEnn RN RN RN ERR

CoCCoCCCoCCOCOCCCCCOCCOCCCCHHHHHHHHHEHEHAEH
ISAVGOSIDWRDYGAVTEVHEDONPCGSCWAFSAIATVEGI

130 140 150 160
: jEEasmilEoEnssonoooEEENENEER e R RN EREnEE
E )
L= HHHHCCCCCCCCHHHHHCCCCCOCCCCCOCCHHHHHHHHHHC

: YRIVIGYLWV .';iEZQEZVLD’J%VL‘FNG(_:L’U(JF\:’LJNA‘A'L’l:'." J..';il\ll
o 180 190 200

: jENnonElEENsnsEnnnsEEEEEEoEnoE N snNENRENE

COCCCCCCCCCOCoCCCCOCCCOCCCEEECCOCCCCOCTH
NGVASEADYPYOAYQGDCAANSWRPNSAY ITGY SYVRSHNDE
210 220 230 240
conf: ]INNENEEEsEEnn N NN s onElnsnBNNERNENE
Pred
Pred
AR

260

R | || EEEE] ] 3
: CEEEEEEECCC
: HAITIIGYGQD

Z290
Legend:
o helix cont: JeanBBE confidence of predictior
strand Pred: 1-|,-.|-.--r.‘.-.| secondary ru azx
=54 1 AR: target sequence
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Fig. 4. Model from multiple templates modelling highlighting residues
from Metl to Pro29 (green coil) that should be further refined. The helix,
strand, and coil represent in blue, yellow, and purple, respectively.

3.3. Model evaluation and refinement

Ten selected models were further evaluated using ProSa-web and Ramachandran
plot. The z-scores of the models were found to be within the range of scores
typically observed in native proteins with a similar size [26]. The results of ProSa
z-score and Ramachandran plot analyses are presented in Table 3. Modelsg yielded
the best scores for analyses.

Table 3: Top 10 predicted models after
loop modelling based on the lowest DOPE value.

Model Favourable% Allowed % Disallowed % ProSa z-score

Modelg 91.7 6.2 2.1 -5.79
Modely 92.7 5.2 2.1 -5.75
Modely7 92.0 5.9 2.1 5.71
Modelss 93.1 5.2 1.7 -5.9
Modelss 93.1 5.2 1.7 -5.95
Modelss 93.8 4.5 1.7 -6.12
Modelgo 93.8 4.5 1.7 -6.08
Modelgg 93.1 5.2 1.7 -5.95
Modelg; 92.7 55 1.7 -6.06
Modelgs 92.7 5.5 1.7 -6.09

The selected model (model58) was further refined using ModRefiner because it
has the lowest z-score and highest percentage of favourable region which is 93.8.
This means all residues for this selected model located in the most stable region.
The Ramachandran plots of the initial and final models after refinement were
compared, and 93.8% and 96.2% of the residues were located in the favourable
region for the raw model and the refined model, respectively. The percentages of
the residues located in the disallowed region were 1.7% and 1.0% for the initial and
final models, respectively.

3.4. Bromelain binding site prediction

Our binding site analysis in Cofactor predicted that residues GIn142-Trp149,
Aspl87-Gly189, Ala255, and Thr279-His281 were found to be involved in the
binding site of bromelain (Fig. 5). The three active residues, namely, GIn142,
Cys148, and His281, were in the predicted binding site (Fig. 5). The calculated
binding site score of the predicted binding site was 1.32. Binding site score is a
measure of local similarity (sequence and structure) between a template binding
site and a predicted binding site in the query structure. Based on large-scale
benchmarking analysis, a binding site score > 1 reflects a significant local match
between the predicted and template binding site [26]. Binding pockets and
descriptors were calculated using DogSiteScorer and the results are shown in Fig.
6 and Table 4, respectively. Figure 6, there were two potential binding pockets were
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predicted which were pockets one and two are shown in yellow and purple,
respectively. Pocket one (yellow) was selected as the optimum pocket because of
its higher volume and larger surface area than those of Pocket two.

Fig. 5. Bromelain binding site prediction using Cofactor software.
The query and catalytic residues involved in the binding interactions
are shown as stick and sphere representation, respectively.

Pocket 1 (yellow) and 2 (purple)

Fig. 6. Representation of binding pocket prediction using
DogSiteScorer at pocket one (yellow) and two (purple).

Table 4. Description of bromelain pocket prediction

Pocket  Volume A®>  Surface A2 DepthA  Enclosure  Drug score

1 2004.21 2358.61 23.27 0.16 0.81
2 1144.97 1451.27 36.33 0.16 0.81
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3.5. Bromelain cleft analysis

Three important clefts were identified on the protein surface. Identifying the cleft is crucial
because the interactions of protein with other molecules lead to the protein’s function and
the key factor of interactions lies on the shape and chemical properties of the protein’s
surface. On the protein’s surface containing many clefts and these clefts are relevance to
the binding site of the protein [27]. The detected clefts and the corresponding residues are
presented in Table 5. All residues that contribute at least one atom to the cleft are shown
in green. The active site of the protein is usually located in the largest clefts or cavities,
and its ligand is bound to the largest cleft in more than 83% of single-chain proteins [24].
Val95, Ala 96, GIn97, Thr99, Gly100, Gly101, 11e102, Ser103, Arg104, Pro105, Leul06,
Glul09, Vall14, Phel16, Aspl17, Val119, Prol44, Cys145, Gly146, Thr156, Ile160,
Tyrl61, Vall64, Thrl65, Tyrl67, Vall69, Vall81, Serl82, Asn183, Cys185, Aspl8e,
Gly187, Phel89, Val190, Asp191, Asnl192, Tyrl94, Ser226, Ala227, Tyr228, 11229,
Thr230, Gly231, Tyr232, Ser233, Tyr234, Val235, Ser237, Asn238, Met243, Tyr245,
GIn250, 11e252, Ala252, Ala254, Ala255, Thr277, Ser278, Leu279, and Asn280 were the
residues forming the largest cleft on the surface of bromelain.

Table 5. Three important clefts (green surface)
identified on the bromelain surface by using IsoCleft Finder.

Cleft model Residues

Val95, Ala96, GIn97, Thr99, Gly100,
Gly101, 1le102, Ser103, Arg104, Pro105,
Leul06, Glu109, Val114, Phel16, Asp117,
Vall119, Prol44, Cys145, Gly146, Thr156,
11e160, Tyrl61, Val164, Thr165, Tyrl67,
Val169, Val181, Ser182, Asn183, Cys185,
Aspl86, Gly187, Phe189, Val190, Asp191,
Asn192, Tyrl94, Ser226, Ala227, Tyr228,
11e229, Thr230, Gly231, Tyr232, Ser233,
Tyr234, Val235, Ser237, Asn238, Met243,
Tyr245, GIn250, 11e252, Ala252, Ala254,
Ala255, Thr277, Ser278, Leu279, Asn280

Tyrd4, Argd6 Asn84 Lys85, Phe86, Met89,
Glu93, Phe94, GIn97, Tyr98, Argl31,
Alal35, Val136, Thr137, Glu138, Val139,
Lys140, Asp141, GIn142, Asn143, Prol44,
Phel51, Ser152, Alal55, Glu158, Leul68,
Ser170, Glul73, Glu206, Glu240, Met243,
Lys244, Val247, Pro251, 11e256, Asp257,
Phe263, GIn264, Tyr266, Gly269, Val270,
Phe271, Ser272, Cys275, His281, Ala282,
11e283, The284, 11285, 116286, Gly287,
Tyr288, Gly289, GIn290, Asp291
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Glu109, Lys110, Pro112, Asp191, Asn192,
Tyr232, Tyr234

3.6. Identification of functionally and structurally important
residues in bromelain

ConSurf results indicated that the majority of bromelain residues were predicted to
be highly conserved and exposed. The important residues were located in the
middle of the sequence and were exposed on the surface. This result revealed that
54 and 20 residues were predicted to be functionally and structurally important,
respectively (Fig. 7).

The predicted residues that functionally and structurally important are all the
residues label by f (red) and s (blue), respectively. POOL program predicted ten
residues as the most functional at the protein structure. These residues were
Tyrd4d, Argd6, Asn84, Tyr98, Lys140, GIn142, GInl73, His281, Ala282, and
11e283. ConSurf suggested that these residues (Arg46, Asn84, Lys140, GIn142,
GInl73, His281, Ala282, and 11e283) were described as functional, highly
conserved, and exposed.

Conservation analysis is an effective indicator to identify the functional
relevance of proteins, and this technique has been used in conjunction with
structural information, such as prediction of functionally important residue,
detection of residues involved in ligand binding and protein-protein interaction, and
determination of functionally specific proteins [19].

The catalytic and functional relevance of residues in proteins can be often
mutated to yield a stable protein. This result can be achieved through site-directed
mutagenesis to provide the potential production of desirable protein functionalities.

3.7. Protein-protein docking

Binding site analysis, cleft analyses and functionally important residue
identification denote that some functionally conserved residues, especially GIn142,
Cys145, Gly146, Gly187, Asn280, and His281, are located in the first and second
largest clefts that participate in the ligand binding site, and these amino acids may
be involved in bromelain-PLAZ2 interactions (Fig. 5, Table 5, and Fig. 7).

PIPER from Schrodinger was used to predict the possible binding modes in the
translational and rotational space between the selected region of bromelain (ligand)
and PLAZ2 (receptor). Each pose of the complex was evaluated using an energy-
based scoring function, which is depending on the binding energy calculated using
the force field of the software. The model with the lowest energy, the top five
predictions are shown in Fig. 8. All the residues involved in the binding site are
similar to those predicted using Cofactor and ConSurf server.
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The structure of bromelain and its binding site properties should be
characterized because interactions between bromelain and PLA2 occur at atomic
levels, and characterization results will help enhance our understanding of active
mechanisms relevant to designing new anti-inflammatory agents with improved
properties. Computational models of a bromelain-PLA2 complex may be practical
to introduce a new anti-inflammatory agent.
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Fig. 7. Coloured illustration of the conserved functional
and structural residues predicted by ConSurf server.
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Model 1

Model 3

MModel 3

Fig. 8. PLA2 binds to a particular region of the bromelain model.
Bromelain and PLA2 were presented as surface and cartoon
representation, respectively

4. Conclusions

In conclusion, the sequence analysis between stem bromelain and other cysteine
proteases was performed using multiple sequence alignment method. This analysis
highlights that catalytic residues GIn143, Cys148, and His 281 are conserved with
other cysteine proteases. The binding pockets were predicted using comparative
method and all catalytic residues were found to be located in the binding pocket.
Results of the tertiary structure model and ligand binding site analysis, cleft
analyses and functionally important residue identification denote that some
functionally conserved residues, especially GInl42, Cys145, Gly146, Gly187,
Asn280, and His281, are located in the first and second largest clefts that participate
in the ligand binding site. These residues are also involved in the protein-protein
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interactions which are between bromelain and PLA2. This study proposed a few
functionally conserved residues, especially Gln 142, Cys 145, Gly 146 Gly 187,
Asn 280, and His 281, which are located in the largest cleft that may participate in
ligand binding activities. The identification of the predicted binding residues is
important for further used in molecular docking study.
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