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ABSTRACT. The recent finding of a specific receptor for prorrenin/renin (PRR) has brought new insights into the physiology of the
renin-angiotensin-aldosterone system. No undoubtable role has been described for this receptor as far. Its role seems to be important in
chronic illnesses as hypertension, possibly participating in the cardiovascular remodeling process, and diabetes where participation in
inflamation development has been described. It is not possible, however, to explore PRR function using classical pharmacological
approaches due to the lack of specific agonists or antagonists. Two synthetic peptides have been described to accomplish these roles, but
no conclusive data have been provided. There are no X-ray crystallography studies available to describe structure and potential sites for
drug development. So, the aim of this work was to model and theoretically describe the PRR. We describe and characterize the whole
receptor protein, its spatial conformation and the potential interactions of PRR with the synthetic peptides available, describing the
aminoacids residues responsible of these interactions. This information provides the basis for directed development of drugs, seeking to
agonize or antagonize PRR activity and study its function in health and ill stages.

INTRODUCTION

Renin Angiotensin Aldosterone System has increased in complexity with finding of new components. Aside of
classical functional roles involving Angiotensin II (Ang II), and its receptors, AT1R and AT2R, the finding of
prorrenin/renin receptor (PRR) has introduced new insights in its physiology!. The concept of renin as a ligand
with its own receptor it is very interesting. Since its first description, PRR has shown to have a putative role in
different hypertension-related pathologies, and although literature is not conclusive in this regard, does not rule
out the possibility of its participation on high blood pressure or other illnesses. For instance, PRR has been
implicated in inflammation and albuminuria-associated development of nephropathy in streptozotocin-diabetic
rats2.

The inhibition of PRR action using a peptide derived from the renin prosegment has shown to reduce serum
creatinine, left ventricular mass, and cardiac fibrosis and improved cardiac function without affecting blood
pressure in spontaneously-hypertensive rats3. Remarkably, Shan et.al. have recently described that PRR may
have a role as an indirect system regulator, specifically, modifying the neural control of cardiovascular functions
at the supraoptic nucleus in rats, indicating not only the direct action of this receptor upon cardiovascular or
renal tissue, but also suggesting that, PRR may participate in superior blood pressure control systems*.
Notwithstanding this body of evidence, many of the actions of this receptor remain unclear. It is not possible to
generate knockout animals because PRR plays a crucial role in embryonic development5. Besides, there is a lack
of specific agonists or antagonists helping to characterize it pharmacologically. So far, only two peptides have
been described, as an attempt to block or stimulate this receptor. These peptides have been used to mimic the
structures of natural ligands. In this regard, they have been named according to the region of the natural peptide
from they were taken. So, we have the decoy peptide called "handle" (RILLKKMPSV) region peptide, and the
"hinge" (SQGVLKEDVF) peptideb. It is not described, however, how they interact or bind to PRR. It is important
to describe this interaction of PRR with these and its natural ligands, prorrenin and renin, in order to rationally
design drugs that block or stimulate this receptor. Moreover, there are several isoforms described as far’. The
soluble form might interact with drugs proposed on the basis of this work and could have a probable
physiological effect not completely understood. Neither it is described the activation or deactivation of PRR
when is attached to ATPase6AP2, introducing an exciting field due to its intracellular pH regulation8. Also it has
been shown that PRR activates Wnt pathways, both canonical and non-canonical, and these paths intervene in
cell cycle regulation, hypertrophy and remodelling in several tissues®. Once new drugs are available, these fields
may be clarified and PRR fully understood.

Computational studies allow solving this question. Several protein-protein interactions have been described
using these techniques!0. 11, Even more, it is possible to design hypothetical compounds that may interact with
the protein of interest and thereafter, they might be synthesized to be evaluated. So, the aim of this work was to
develop a computational 3-D model of the PRR in order to study their chemical interactions with the peptides
previously mentioned, to understand the molecule-to-molecule interactions and set the basis for a future
development of theoretical compounds to inhibit/stimulate PRR.

METHODOLOGY

Primary sequence and amino acid sequence alignment of PRR. The NCBI (GenBank) database
(http://www.ncbinlm.nih.gov/genbank/) was used to search all aminoacids sequences for human PRR. The
STRAP alignment program (http://3d-alignment.e/) was used to align PRR sequences.
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PRR model building and validation. To date, there are no 3D structures available for PRR. This is because 3-D
structures for this receptor have not been determined by X-ray crystallography and NMR. Therefore, PRR 3D
structure was built based on the genomic sequence data from GenBank [accession number: NP_005756] using
Protein Structure Prediction by Pro-Sp3-TASSER server. The PRR model obtained was optimized employing
GROMACS program 12 13, The model was analysed with Ramachandran plot and ERRAT server to determine
quality of the model 1415

PRR refinement. The modelled PRR structure was used as macromolecule, for this reason in this work, we
decided to refine the PRR 3D model with MD simulations using the GROMACS 4.6.5 software using the OPLS
force field 12. 13, This methodology has been reported previously in related studies!¢. First, we performed a
system minimization, using the steepest descent method (50000 steps), to relax steric conflicts generated during
setup, followed by all aminoacids residues protonation. All the system was centred in a cubic box and solvated
using the simple point charge water model extending up to 10 Ac¢ all around the proteinl7, and system-
neutralized (5 Na* ion by PRR receptor). After energy minimization, the system was submitted to a 100-ps
equilibration period restraining the whole protein and the cation positions. Then the whole system was
submitted to unrestrained MD simulations lasting 100-ps using NPT and NVT ensembles, maintaining
temperature (3100 K) and pressure (1 atm) constant. Using the particle mesh Ewald method!8, we calculated
electrostatic interactions, with a 1.2-nm cut off for real-space calculation. This cut off was also used for Van der
Waals interactions. Temperature, pressure, and number of particles were kept constant for 50 ns MD
simulations. Data were analysed using the GROMACS tools package and images and structural representations
were prepared using PyMOL v0.9919. Structural analysis for 3D model was then performed with the VMD v1.9.1
program?20, using snapshots every 10 ns from the MD simulations. The trajectory was stored every 10 ps to allow
the later retrieval of the root mean square deviation (RMSD) and root mean square fluctuations (RMSF) values
using the GROMACS tools program?1.

Peptides construction and optimization. The peptide-1 (RILLKKMPSV) and peptide-2 (SQGVLKEDVF) were
constructed using the ChemBioDraw v.12.0 software package (http://www.cambridgesoft.com), and geometric
optimization was initially performed employing the program HYPERCHEM v.7.0 (Hypercube, USA,
http://www.hyper.com) in the framework of molecular mechanics. The coordinates of peptides minimum
geometries were obtained at the B3LYP/6-31G* level of theory using the Gaussian 98 program?22.

Identification of binding site residues of PRR. We performed active site analysis using the CASTp server
(Computed Atlas of Surface Topography of Protein). This methodology has been previously used in related
studies?3, to make the grid required for docking24. The interactions PRR-peptides were examined with Ligplot
program (version1.4.5)21. This program generates schematic representations of protein-ligand complexes. The
PRR-peptide complexes were submitted to this program to identify the binding site residues in the target
protein.

Docking Procedure. All different conformations of PRR were taken from the MD simulations every 10 ns,
resulting in 10 different snapshots each one, which were taken at specific times of MD such as 10, 20, 30, 40, 50
ns, to study different PRR-peptide interactions that occur in different conformational moments of the receptor
molecule. Distinct conformational structures of the PRR were sent to Clus-Pro server (http://nrc.bu.edu/cluster)
which is a fully automated web-based program for computational docking of protein structures2s. Specific
protein conformations of the PRR and peptides were uploaded through Clus-Pro web interface. In the docking
process, different algorithms evaluate billions of putative complexes, and then it shows a list of most favourable
surface complementarities between the protein structures. Moreover, the program output also shows a list of the
putative complexes ranked according their clustering properties. Finally, in every case, the most energetically
favourable complex was chosen for further studies and to investigate the specific interactions that occur
between PRR and the peptides.

RESULTS AND DISCUSSION

Aminoacids sequence and PRR structure prediction

Today, there are few PRR aminoacids sequences reported in the Genbank database, so we decided to perform a
multiple alignment of all the sequences submitted and our model. The results obtained showed that only two
aminoacids sequences (accession code AAM47531/NP_005756) have been reported. These sequences are fully
conserved in human (100%) (Figure 1) We compared these results with the previously reported by Akio E et
al.26, who showed that aminoacids sequences are highly homologous in different vertebrates such as rat and
mouse (94%), chicken (79%) and fish (68%). Homologous sequences, however, are also found in invertebrates
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such as fruit fly (26%), suggesting that PRR is highly conserved at its aminoacids sequence and putative active
site is not altered by mutations that may cause structural changes that could affect recognition of prorrenin and
renin by the receptor. There are reports of mutations within or outside some protein binding sites associated to
drug resistance, for instance, ribosomes, (-lactamases and neuraminidase 27. Sequence alignment of PRR was
performed using Strap alignment program, which showed highly conserved residues between the two sequences
as shown in Figure 1. One of the most important parameters to know and describe protein functions is 3D
structure,?8 providing support for effective experiments design, such as site directed mutagenesis, studies of
disease associated mutations or structure-based design of specific ligands.2° The protein structure prediction of
PRR was analysed using Pro-SP3-Tasser server3?. This program uses a structure prediction algorithm, pro-sp3-
Threading/ASSEmbly/Refinement (TASSER). Structural templates are identified using five different scoring
functions included in the threading methods PROSPECTOR-3 and SP3. Top templates identified by each scoring
function are combined to derive contact and distance restraints for subsequent model refinement by short
TASSER simulations31. PRR has four domains: a signal peptide (residues 1-16) , an extracellular domain (residues 17-
304), a transmembrane domain (residues 305-324) and a cytoplasmic domain (residues 325-350)*2, a large
unglycosylated amino terminal domain with short cytoplasmic tail 1 (Figure 2a). Our results showed that the
secondary structure of PRR exhibited 11 small and large a-helices (V3-V14, G39-M50, N84-L88, L106-E119,
N141-E145, L147-R157, E178-E186, Q187-L203, L219-Y226 E231-S253 and A320-Y326) with 3 B-sheets (A74-
V80, Y212-E215 and V261-V266); the rest of the sequence consist of loops as shown in Figure 2b. In 3-D
structure prediction, refinement required to find structures that are close to native state is a great challenge.
Commonly used methods can predict correct topology but such approximate models often lack the resolution
required for many important applications, including virtual ligand screening33. The molecule obtained by
modelling was further validated using Ramachandran plot and ERRAT server 14 15, Ramachandran plot of phi and
psi torsion angles for all aminoacids residues revealed the stereo chemical quality of the 3D structure; showing
that 79 % of residues were in favoured regions, 19.9% in allowed regions, and 1.1 % residues in generously
outlier region (see supporting information). More than 98 % of the amino acids were in the allowed region and
overall quality factor was good. PRR model quality was also validated with the structure-verification server
ERRAT, which analyses the statistics of non-bonded interactions between different atoms types; higher scores
indicate higher quality4. The quality obtained by ERRAT server was 92.140 %. None of the residues, however,
were above the 99% cut off error value (see supporting information). Given that generally accepted percentage
is >50 for in silico studies, this confirmed our model reliability.14

The generated model (putative PRR) is similar to the secondary structure predicted by Akio et al32, where they
report 9 a-helices (V3-V14, G39-M50, L106-L116, V149-L158, N177-D206, L219-Y226, S230-Y255 L273-T279
and V305-T324) and 9 B-sheets (E18-K23, S27-F30, A74-K81, V93-L98, V123-L127, V134-M136, L211-L216,
A259-V266 and 1338-M342). There are several differences, however, related to the number of aminoacids
conforming the a-helices and 3-sheets; for instance, our model forms 2 a-helices (N84-L88 and V305-T324) not
reported by Akio et al. 32, and only 3 (-sheets (A74-V80, Y212-E215 and V261-V266). Indeed, our model lacks
the other six 3-sheets described by Akio et al, (E18-K23, S27-F30, V93-L98, V123-L127, V134-M136 and 1338-
M342). We think this is because our model was further refined, obtaining different conformations along the
molecular dynamics simulation (Figures 1 and 2b). However, to obtain PRR detailed structural information is
necessary to carry out long-time MD simulations and the 3-D structure should be determined by experimental
work to better understand the changes and the 3-D conformational structures.

MD simulations

Given that crystal and homology models are typically of low resolution, with errors of 3 A or more in atomic
coordinates, we performed MD simulations using GROMACS program to refine and relax the PRR 3D structure
obtained34. Our work started analysing stability of PRR 3D structure. Using GROMACS software tools, root mean
square deviations (RMSD), and root mean square fluctuation (RMSF) were calculated. The whole system was
considered stable at 20 ns in MD simulations. Figure 3 shows the time evolution of the frames RMSD with respect
to the initial structure during the last 50 ns of the MD simulations. The RMSD from the starting structure for all
backbone Ca atoms of the entire protein played an important role in protein stability. Figure 3 represents the
PRR RMSD, and shows that protein reaches the convergence to 20 ns with the RMSD value at 0.67 + 0.07 nm.

The RMSF of PRR Ca atoms was plotted to evaluate the average fluctuation of each residue during the simulation.
Moreover, RMSF analysis (Figure 4) shows that regions with lowest value start around 0.1 to 0.4 nm, while the
regions with high RMSF values oscillated between 0.4 to 0.6 nm, showing high conformational flexibility regions,
and corresponding to loop regions on PRR.
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Overall structural changes in PRR

Analysing the model of PRR obtained by MD simulations, initial structure exhibited 11 small and large a-helices,
3 B-sheets, with the rest of the sequence consisting of loops. PRR system was stable during simulation and no
major secondary structural changes were observed except elongation of two «-helices (N141-E145 and L295-
Y297 residues) (Figure 5). These a-helices (N141-E145 and L295-Y297) were shortened and disappeared at
different times (20 and 50 ns, respectively), in the MD simulations. However, despite this, entire system was
stable throughout the MD simulation, giving reliability to the entire system.

Binding site residues identification and docking of PRR.

Identification and characterization of functional sites on proteins has become an increasingly area of interest.
Analysis of active site residues for ligand binding provides insight to enzyme or receptor inhibitors design 35. In
this study, we report the active site area of PRR as well as the number of aminoacids forming this site. The table
1 and 2 shows the free energy and aminoacids for different active sites of PRR. The predictions of aminoacids
participating in the formation of receptor active site shows that these aminoacids are maintained and/or
disappear for different conformational moments of PRR, producing several changes in the shape of binding site
and consequently altering it, as observed in yellow in Figure 6. In this work, we show that the primary binding
site for both peptides is determined mainly by the following amino acid residues (V29, R31, N32, G33, R41, D44,
A47, 148, S49, M50, G51, F52, E56, D57, S59, W60, P61, G62, L63,A 64, V65, G66, L63, N67, F69, S70, T75, E99,
N100, N111, S115, E119, E120, T121, P122, V123, V124, Y252, G257, N258, A259, V260, E262, A264, T265,
K267,D270, K287, N288 and Y293) (table 1). These aminoacids are extremely important, because they conform
the active site, so it is important to understand and describe their chemical properties, providing the theoretical
support to design new molecules to recognize this receptor.36.

There are several works about protein-protein interactions3’. These kinds of studies allow explaining several
biological effects. The binding site residues in our complex (PRR-peptides) were obtained from the Ligand plot
program. The results show that a total of 30 aminoacids residues participate in recognition and different modes
of binding of peptides 1 and 2 at the binding site of PRR. These aminoacids present different features that allow
interactions with peptides residues, i.e., polar or non-polar forming different interactions as m-m interactions,
hydrogen bonds and electrostatic attractions with RILLKKMPSV and SQGVLKEDVF (Table 2).

The results of molecular docking show that both peptides may couple to PRR, having affinity (AG) and a similar
mode of binding, and the amino acids involved in its recognizing are maintained in different conformational
stages of the receptor as well (fig 6). It is noteworthy that both peptides also have similar binding mode and
binding energies coupled in different 3D structures obtained by MD simulations. Peptide RILLKKMPSV at 0 ns of
MD simulation formed different interactions with residues of binding site, being the most important hydrogen
bonding interactions: the NHz group of R31 with OH of S9, the S of M7 with NH2z group of R41, the carbonyl
oxygen of G51 with the NH2 group of R1, oxygen carbonyl of L63 with NH2 group of K5, the OH of T75 with NH:
K6, carbonyl oxygen of V260 with NH amide of S9 such as NH amide of V260 with carbonyl oxygen of V10, and
COO of E262 with OH S9. In the other side, peptide SQGVLKEDVF obtained at 0 ns of simulation, showed that
main interactions are formed by hydrogen bonds at the NHz group R41 with the carbonyl oxygen of L6, NH
amide of V124 interacts with the COO group D9, OH Y252 with amide NH of S2, the carbonyl oxygen of G257 with
NH:z of Q3, NH amide of A259 with the carbonyl oxygen of Q3, NH amide of V264 with the COO group E8, whereas
the NH2z group of K267 interacts with the carbonyl oxygen of F11. Beside the interactions formed by hydrogen
bonds as mentioned above, it is important to note the formation of further utility m-m interactions between the
aromatic ring of W60 with the aromatic ring in F11.

Throughout different molecular docking moments we could see that these interactions and modes of binding to
peptides vary considerably, this is because they form and lose interactions; for example, in the peptide
RILLKKMPSV, six electrostatic interactions were formed at time 20, 30 and 50 ns with different amino acids:
E262, E119, E120, E56, D57 and S59 with the peptide. In the other hand, peptide SQGVLKEDVF forms only one
electrostatic interaction at 30 ns, R41 with D9. Beside these interactions we found three m-1 interactions with
aromatic aminoacids that form the binding site of PRR, W60, F52 and F11; and a m-cation interaction in R41 and
F11. This gain or loss of interactions is reflected in the specific binding energies shown in Table 1.

Conclusion

The data described in the present work are important because they set the basis for development of drugs to
stimulate or block PRR. As far, the two peptides in this work are the only ones described that interacts with this
receptor: hinge peptide and handle peptide ¢ 38-40, with non-conclusive actions upon it. In some cases they may
act as agonists, but in other, they may interact as antagonists.
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with the group of aminoacids described, to conform what it looks like a specific site toward theoretical and
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can interact with PRR active site.

PRR.pdb * 1
AAM47531.fas 1
NP _005756.fas 1

PRR.pdb 51
ARM47531.fas 51
NP_005756.fas 51

PRR.pdb 101
ABM47531.fas 101
NP 005756.fasl0l

PRR.pdb 151
AAM47531.fas 151
NP_005756.fasl51

PRR.pdb 201
ABAM47531.fas 201
NP_005756.fas201

PRR.pdb 251
AAM47531.fas 251
NP_005756.fas251

PRR.pdb 301
AAM47531.fas 301
NP 005756.fas301

Figure No. 1. Sequences alignment of PRR homologs with STRAP alignment program. The sequences were obtained using Genbank database (accession code
AAM47531/NP_005756) and compared to our PRR model. The alignment shows that all amino acid residues are fully conserved and the percentage identity

L |

EFSILKSPGSVVFRNGNWPIPGERIPDVAALSM
EFSILKSPGSVVFRNGNWPIPGERIPDVAALSM
EFSILKSPGSVVFRNGNWPIPGERIPUVAALSM

Signal peptide —_—N —

L
GFSVKEDLSWPGLAVGNLFHRPRATVMVMVKGVNKLALPPGSVISYPLEN
GFSVKEDLSWPGLAVGNLFHRPRATVMVMVKGVNKLALPPGSVISYPLEN

GFSVKEDLSWPGLAVGNLFHRPRATVMVMVKGVNKLALPPGSVISYPLEN
— } CH ]

AVPFSLDOSVANSIHSLFSEETPVVLOLAPSEERVYMVGKANSVFEDLSVT
AVPFSLDOSVANSIHSLFSEETPVVLOLAPSEERVYMVGKANSVFEDLSVT
3 { H |
LRQLRNRLFQENSVLSSLPLNSLSRNNEVDLLFLSELQVLHDISSLLSRH
LRQLRNRLFQENSVLSSLPLNSLSRNNEVDLLFLSELQVLHDISSLLSRH
LRQLRNRLFQENSVLSSLPLNSLSRNNEVDLLFLSELQVLHDISSLLSRH
3 Co— 1+ |
KHLAKDHSPDLYSLELAGLDEIGKRYGED SEQFROASKILVOALQKFADD
KHLAKDHSPDLYSLELAGLDEIGKRYGED SEQFRDASKILVDALQKFADD
KHLAKDHSPDLYSLELAGLDEIGKRYGED SEQFROASKILVOALQKFADD

L

MYSLYGGNAVVELVTVKSFOTSLIRKTRTILEAKQAKNPASPYNLAYKYN
MYSLYGGNAVVELVTVKSFOTSLIRKTRTILEAKQAKNPASPYNLAYKYN
MYSLYGGNAVVELVTVKSFOTSLIRKTRTILEAKQAKNPASPYNLAYKYN

FEYSVVENMVLWIMIALALAVIITSYNIWNMOPGYDSIIYRMTNOQKIRMD
FEYSVVENMVLWIMIALALAVIITSYNIWNMOPGYDSIIYRMTNQKIRMD
FEYSVVENMVLWIMIALATLAVIITISYNIWNMDPGYDSIIYRMTNQKIRMD

Transmembrane domain

between all sequences of PRR was 100%.
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a)

L147-R157

Figure No. 2. a) Structure of PRR formed by intracellular, extracellular domain with transmembrane domain formed with membrane lipids b) secondary
structure of PRR with a-helices along (V3-V14, G39-M50, N84-L88, L106-E119, N141-E145, L147-R157, E178-E186, Q187-L203, L219-Y226 E231-S253 and
A320-Y326) and B-sheets (A74-V80, Y212-E215 and V261-V266).
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0.4 -
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0.1 -

O T T T T 1
0 10 20 30 40 50

Time ns
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Figure No. 3. Root mean square deviations (RMSD) show that the protein reached structural stability at approximately 20 ns.
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Figure 4. Root mean square fluctuations (RMSF) for PRR model along the simulation period. The coloured line at the bottom indicates fluctuation values in
different regions of PRR. Blue blocks correspond to regions where a-helices are located, Thin blue lines correspond to areas where loops are formed, and
green arrows indicate areas where f3-sheets are formed. Notice that areas corresponding to loops present more apparent fluctuations than a-helices and B-

sheets

L295-Y297

-

| &

N141-E145

Figure 5. Secondary changes conformational observed in two regions on PRR formed by amino acids residues (N141-E145 and L295-Y297) obtained by MD

simulation. Initial 0 ns (green), 20 ns (pink) and 50 ns (yellow) by each time MD simulation.
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d) 30-ns

Figure 6. Different forms of the binding site obtained by MD simulation, where the main aminoacids residues (yellow) involved in the recognition of
peptides with PRR are V29, R31, N32, G33, R41, D44, A47, L48, S49, M50, G51, F52, E56, D57, S59, W60, P61, G62, L63,A 64, V65, G66, L63, N67, F69, S70,
T75,E99,N100,N111,S115,E119, E120, T121, P122,V123,V124,Y252, G257, N258, A259, V260, E262, A264, T265, K267, D270, K287, N288 and Y293)
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Table 1. Aminoacids in PRR active site interacting with synthetic peptides
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Peptide

Time

(ns)

Energy
(Kcal/mol)

Aminoacids participating in peptide binding

Aminoacids participating in peptide
binding 3 or more times

RILLKKMPSV

-891.9

R31,R41,D44,A47,1L.48,G51,553,D57,W60,L63,A64,
N67,L68,T75M79,P103,5108,S112,V123,V124,Q126,
L211,Y252,A259,V260,V261,E262,L263,T265

10

-915.3

R41,1L48,549,M50,D57,L58,W60,P61,L63,N67,L68,
P103,0107,S108,N111,L116,E120,T121,P122,V123,
V124,V261,E262,L263,V264,T265

20

-831.6

V29,R31,N32,G33,M50,F52,V76,V78,V80,L98,E99,
N100,L190,L214,L216,A217,E228,F233,L240,L244,
F247,A248,V260,E262,V264,V266,5268,F269,D270,
T271,5272,K287,A296,Y297

30

-859.0

V28,V29,F30,R31,N32,D44,V45,0.48,549,L63,A64,V65,
G66,N67,E119,E120,T121,V123,V241,1.244,Q245,
A248,V260,V261,E262,L263,V264

40

-726.9

N32,G33,L48,D57,559,W60,P61,G62,A64,V65,G66
N67,L68,H70,L116,E120,T121,V123,Y252,A259,
V260,V261

50

-928.7

A47,.48,G51,F52,S53,E56,D57,S59,W60,P61,L.63,A64,
V65,G66,N67,L68,F69,H70,R71,P72,P103,E120,T121,
V123,V124,V261,L263

R31, N32, L48, D57,W60, L63, A64,
Né67, L68, E120, T121, V123, V260,
V261,E262,V264

SQGVLKEDVF

-869.4

V29,R31,N32,G33,R41,V45,L48,S49,M50,W60,P103,
S112,L116,P122,V123,V124,Q126,Y252,G257,N258,
A259,E262,L263,V264,T265,K267

10

-864.8

R31,N32,R41,V45,L48,S59,W60,L63,A64,N67,N111,
§112,S115,L116,E119,V123,V260,V261,E262,L.263,
V264

20

-839.5

S27,v28,V29,F30,R31,N32,G33,137,V45,A46,1.48,549,
M50,F52,N67,L68,E228,A248,V260,E262,L263,V264,
V266,5268,D270,L273,1274,K287,N288,P289,Y293,
Y297

30

-755.8

V29,R31,N32,R41,V45,A47,L48,W60,P61,G62,L63,
A64,N67,F69,5115,L116,E119,E120,T121,P122,V123,
V124,V260,V261,E262,L.263,V264

40

-761.1

R31,N32,G33,L48,W60,A64,G66,N67,L68,P103,5112,
L116,P122,V123,V124,Q126,Y252,259,V260,V261,
E262,L263,T265K267

50

-889.5

R41,A47,L48,M50,G51,F52,E56,W60,P61,G62,L63,
A64,V65,G66,N67,L68,F69,H70,R71,P72,P103,5108,
T121,P122,V123,V124,N258,A259,V261,1.263,V264,
T265

V29, R31, N32, G33, R41, V45, A47,
L48, M50, F52, W60, P61, G62, L63,
A64, N67, L68, S116, T121, P122,
V123, V124, N258, A259, V260, V261,
E262,1263,V264, T265

Table shows the aminoacids for PRR active site and free energy in different times of MD simulation. Fourth column (from left), shows all aminoacids residues
involved in peptide binding through all MD simulation times. Fifth column shows only those aminoacids participating in binding 3 or more times.

10
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Table 2 Interactions between PRR and peptides aminoacids

Interaction Time Peptide PRR Peptide PRR
(Bonds) (ns) (RILLKKMPSV) (SQGVLKEDVF)
0 S9,M7,R1,K5K6,59, | R31,R41,G51,L63,T75, L6,D9,52,Q3,Q3,E8, R41,V124,Y252, G257,
V10,59 V260,V260,E262 F11 A259,V264, K267
10 K6,K6,K6,R1,V10, L48,5S49,M50,N67, F11,Q3,Q3,K7,S2,L6, R31,S59,W60,N67,5115,
K5,K5 N111,T121,V124 L6,V10,D9 V123,V124,E262,E262
20 K5,12,v10,v10,M7, V29,R31,E99,N100, E8,V5,Q3,Q3,Q3,S2, V29,549,N67,N67,V260,
Hydrogen 12 E262,D270 K4,F11,K7 E262,K287,N288,Y293
30 $9,59,V10,K5,R1, R31,D44,V65,V260, F11,52,Q3,K4,V5,V10, R31, W60, G62, E120,
K6,P8M7 E262 E8 E262,V264
40 R1,R1,59,V10,S9, N32,G33,559,W60,P61, | Q3,K7,E8F11,F11,V5, | G33,L48,A64,V123,V124,
K5,M7,K6,K6 A64,G66,N67,E120 L6 V260,E262
F52,N67,F69,E120, V10,D9,D9,L6,L6, |A47,L63,A64,N67,N67,F69
50 R1,K5,59,K5,K5 ,N67,F69, ) , D9, D9, L6, L6, ,L63,A64,N67,N67,F69,
T121 K4, S2,K7,Q3,Q3,E8 | S70,P122,N258,A259,T265
20 R1 E262 | - |
Electrostatic 30 R1RI E119,E120 D9 R41
50 R1,R1,R1 E56,D57859 | - |
40 | e e F11 W60
-
50 | 0 - F11 F52
T-cation 50 | - - F11 R41

Table shows interactions between PRR active site aminoacids and both peptides aminoacids in different MD times. Notice that after 20 ns,

aminoacids residues change less and stronger bonds appear.
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