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INTERACTION OF RAT KIDNEY PROTEINS WITH THE RENALASE PEPTIDE RP220
AND ITS POTENTIAL PROTEOLYTIC FRAGMENT RP224-232:
A COMPARATIVE PROTEOMIC ANALYSIS
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Renalase (RNLS) is a protein playing different roles inside and outside cells. A 20-mer synthetic peptide
corresponding to the human RNLS amino acid sequence 220-239 (RP220) exhibits a number of pharmacologically
attractive activities in vitro and in vivo and can bind to many renal intracellular proteins. The RP220 sequence contains
several cleavage sites for extracellular and circulating proteases. Here, we investigated the interaction of model proteins
with the renalase peptide RP220 and a synthetic peptide corresponding to the amino acid sequence of RNLS 224-232,
named RP224-232. We also performed affinity-based proteomic profiling of normotensive rat kidney samples with
these peptides as affinity ligands. The obtained results indicate that both peptides exhibit almost the same affinity
for model proteins (pyruvate kinase and lactate dehydrogenase), and the kidney proteomic profiles differ slightly.
At the same time, the relative content of a number of kidney proteins bound to the RP224-232 peptide was even higher
than in the case of using RP220. This suggests that proteolytic processing of RP220 does not inactivate this peptide;
moreover, it could contribute to the formation of shorter peptides with additional pharmacological activities.
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INTRODUCTION

Renalase (RNLS), discovered twenty years ago
as a protein involved in the regulation of blood
pressure, has various functions inside and outside
cells [1-5]. Intracellular RNLS is a FAD-dependent
oxidoreductase (EC 1.6.3.5) involved in metabolic
repair or detoxification by oxidizing isomeric
forms of B-NAD(P)H reduced at positions 2 or 6
of the nicotinamide ring instead of the metabolically
active position 4 [5, 6]. Extracellular RNLS, lacking
its N-terminal signal peptide during the secretion of this
protein into the extracellular space, exhibits regulatory
effects through non-catalytic (and FAD-independent)
mechanisms [7—11]. Taking into account the known data
on the absence of intact RNLS (lacking the N-terminal
peptide) in the blood [12] and on the proteolytic
cleavage of recombinant RNLS during incubation with
the blood plasma of healthy volunteers [13], it becomes
increasingly clear that the effects of extracellular RNLS
are realized by peptides formed during proteolytic
processing. One of the most interesting RNLS peptides
attracting much attention of researchers is the RP220
peptide, a 20-mer peptide corresponding to the RNLS
sequence including residues 220-239 [10, 11].
The fact that this peptide reproduces a number
of the effects of extracellular RNLS [10] underlies
its critically important regulatory role.

The comparison of kidney proteomes
of normotensive (WKY) and hypertensive (SHR) rats,
performed by using the RP220 peptide as an affinity
ligand, revealed changes in the relative content
of about 200 bound to the affinity sorbent
proteins of the kidneys of hypertensive rats [14].
RP220-binding proteins, for which the most
pronounced increase in the relative content
has been found in hypertensive animals compared
to normotensive ones, play a certain role
in the development of cardiovascular pathology [14].
The latter may have a certain importance
in the regulatory effects of this peptide. At the same
time, according to the data of the RNLS sequence
analysis [13], there are potential protease cleavage sites
in the region of the amino acid residues 220-239.
In this regard, a reasonable question arises,
whether the RP220 peptide modification (shortening)
by proteases changes RP220 interaction with
its target proteins.

In this study, we have investigated the interaction
of model proteins with the RP220 peptide and
a synthetic peptide corresponding to the RNLS
amino acid sequence 224-232 and named RP224-232.
We have also performed proteomic profiling of kidney
proteins from normotensive rats with these peptides
as affinity ligands.

© 2025 by the authors. Licensee IBMC, Moscow, Russia. This article is an open access and distributed under the terms and
conditions of the Creative Commons Attribution (CC BY-SA 4.0) license (http://creativecommons.org/licenses/by-sa/4.0/).
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MATERIALS AND METHODS

Reagents

The following reagents were used in the study:
cyanogen bromide-activated Sepharose 4B, ammonium
bicarbonate, dithiothreitol, urea, guanidine
hydrochloride, sodium chloride, Triton X-100,
4-vinylpyridine, Coomassie Brilliant Blue G-250
(Merck, USA); formic acid, sodium acetate, boric acid,
sodium tetraborate, sodium hydroxide (Acros
Organics, USA), acetonitrile (Fisher Chemical, UK);
isopropanol, trifluoroacetic acid (Fluka, USA);
tris-(2-carboxyethyl)-phosphine (Pierce, USA); modified
trypsin (mass spectrometry grade, Promega, USA).
The RNLS peptide RP220 and its fragment RP224-232
were synthesized at OOO Belkiantitela (Russia).
HBS-EP+ (150 mM NaCl, 3 mM EDTA, 0.05% P20,
10 mM HEPES (pH 7.4)); 10 mM acetate buffers
(pH 4.0, pH 5.0); reagents for covalent immobilization
of proteins by primary amino groups (l-ethyl-3-
(3-dimethylaminopropyl)-carbodiimide-HC1 (EDC),
N-hydroxysuccinimide (NHS), 1 M ethanolamine-HCl
(pH 8.5)) were obtained from Cytiva (USA).
For the biosensor study of the interaction of intracellular
proteins with RNLS peptides, electrophoretically
homogeneous preparations of pyruvate kinase (PK) and
lactate dehydrogenase (LDH) isolated from rabbit skeletal
muscles were used [15, 16]. The specific activities
of PK and LDH were 280 pmol/min per 1 mg protein
and 495 pumol/min per 1 mg protein, respectively.
The enzymes were stored at 4°C in ammonium
sulfate suspension.

Other reagents of the highest purity available
were from local suppliers.

Experimental Animals

Male 14-week-old WKY rats were from
the Nursery of the laboratory animals (Pushchino branch
of the M.M. Shemyakin and Yu.A. Ovchinnikov
Institute of Bioorganic Chemistry RAS). The animals
were decapitated under light ether anesthesia;
the kidneys were quickly removed, immediately frozen,
and stored at -70°C until the study.

Preparation of Lysates of Kidney Homogenates

Kidney tissue was homogenized using
a Heidolph SilentCrusher homogenizer (50,000 rpm)
in 0.05 M potassium phosphate buffer, pH 7.4, and
diluted in it to a final protein concentration of 30 mg/ml.
In order to evaluate relative quantitative changes
in renal proteins, the same amount of total protein
was used during sample preparation; protein content
was controlled by the Bradford method [8].
After incubation in the presence of 3% Triton X-100
(4°C, 1 h), the lysates were diluted 3 times with
the same buffer and centrifuged at 16,000 g for 30 min
to obtain a cleared supernatant.

66

Affinity Chromatography of Rat Kidney Proteins
using Renalase Peptide RP220 and its Proteolytic
Fragment RP224-232 Immobilized on Cyanogen
Bromide-Activated Sepharose

The preparation of the affinity sorbent and
the affinity chromatography procedure were carried
as described in [14].

Mass Spectrometric Analysis

The conditions of mass spectrometric analysis
are described in detail in [14, 18]. Mass spectrometric
analysis was carried out using the equipment
of the “Human Proteome” Core Facility at the Institute
of Biomedical Chemistry (IBMC).

Biosensor Study of Protein Interaction with
Immobilized Peptides

The analysis of the interaction of the studied
proteins with immobilized peptides was performed
on a Biacore X-100 optical biosensor (Cytiva).
All the measurements were performed at 25°C
using CMS5 optical chips (Cytiva) coated with
a carboxymethylated dextran layer. The signal
of the Biacore X-100 biosensor has been recorded
in resonance units RU (1 RU corresponds to the binding
of 1 pg of protein on the surface of the optical chip).

Peptide immobilization was carried out
by forming covalent bonds between the carboxyl
groups on the surface of the CMS5 optical chip and
the amino groups of the peptide. The carboxyl
groups of the chip were activated with a mixture
of 0.2 M EDC/0.05 M NHS for 7 min at a flow
rate of 5 ul/min. Next, solutions of RNLS peptides
(200 pg/ml) in 10 mM acetate buffer (pH 5.0 for RP220,
pH 4.0 for RP224-232) were injected for 15 min
at a flow rate of 5 pul/min. Unreacted carboxyl groups
were blocked by injection of 1 M ethanolamine-HCI
(pH 8.5) for 3 min at a flow rate of 5 ul/min.
The interaction of proteins with immobilized peptides
was studied in 50 mM phosphate buffer, pH 7.4;
the injection time was 5 min at a flow rate of 10 ul/min.
Between protein injections, the chip surface with
immobilized peptides was regenerated by washing
with 1 M NaCl in 50 mM phosphate buffer, pH 7.4,
for 0.5 min at a flow rate of 30 pl/min. The resulting
sensorgrams were analyzed using the BIAevaluation
Version 4.1.1 program (Cytiva).

RESULTS

The study of the interaction of model intracellular
proteins (PK and LDH), previously identified during
proteomic profiling of rat kidney preparations, with
the RP220 peptide [14] immobilized on a CMS5 chip
showed that this peptide exhibited moderate
affinity for the studied proteins (Fig. 1, Table 1).
The RP224-232 peptide, corresponding to a potential
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Figure 1. Interaction of the renalase peptides RP220 (A, B) and RP224-232 (C, D), immobilized on a Biacore optical

biosensor chip, with rabbit muscle PK and LDH.

Table 1. The K values for the complexes of RP220 and RP224-232 peptides with PK and LDH

Peptide-enzyme complex Ky M Peptide sequence and its position in the primary structure of human RNLS*
RP220/PK 1.94-10° 220-CIRFVSIDNKKRNIESSEIG-239

RP220/LDH 9.24-107 220-CIRFVSIDNKKRNIESSEIG-239

RP224-232/PK 3.04-10°¢ 224-VSIDNKKRN-232

RP224-232/LDH 1.39-10° 224-VSIDNKKRN-232

* — Residues common for both peptides are shown in bold and underlined.

proteolytic fragment of the RP220 peptide, also
interacted with the studied proteins, demonstrating
an affinity comparable to that of RP220 (Table 1).
The latter indicates that the most important amino acid
sequences in the context of the interaction of RP220
with its (at least model) targets include residues
224-VSIDNKKRN-232.

Proteomic profiling of rat kidney proteins
bound to the RP220 peptide and its proteolytic
fragment RP224-232 has shown that both model
proteins belong to a common pool of peptide-bound
proteins. This common pool (2233 proteins)
significantly exceeded the groups of proteins
demonstrating exclusive binding to the RP220 peptide
and to the RP224-232 peptide (16 and 61, respectively)
(Fig. 2, Table 2, and Supplementary Material
Tables S1 and S2). Table 2 shows the functional
distribution of proteins demonstrating exclusive
binding to RP220 and RP224-232.

The relative content of 29 proteins bound
to the RP224-232 peptide was two or more times higher
as compared to their binding to the RP220 peptide.
The highest increase in relative content was found
for creatine kinasel (more than 34 times),
dihydropyrimidinase-like protein 2 (more than 26 times)
and mitochondrial heat shock protein 60 kDa
(almost 15 times). There was also a significant increase
in the relative content (6-9 times) of the T-complex
proteins, malate dehydrogenase, transketolase,
10 kDa and 70 kDa heat shock proteins,
cytosolic nonspecific dipeptidase, ribosomal proteins
eL30 and uS10, peroxiredoxin 6, and hemoglobin
beta subunit bound to the RP224-232 fragment
(compared to those bound to the full-length
RP220 peptide) (Fig. 3, Supplementary Materials,
Table S3). The relative content of histones
H2A, H2B, H1.2, and H4, as well as vimentin,
increased approximately 5-fold, and the relative content
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Table 2. Functional distribution of proteins specifically bound to RP220 and its fragment RP224-232

Proteins Proteins Increase Decrease
exclusively bound exclusively bound in the relative in the relative
Function to RP220 peptide | to RP224-232 peptide | content of proteins content of proteins
bound to RP224-232, | bound to RP224-232
versus RP220 versus RP220
Energy generation and 0 2 5 0
carbohydrate metabolism
Cytoskeleton formation,
. 7 10 5 1
transport and exocytosis
Signal transduction and
. - 7 15 1 2
regulation of enzyme activity
Antioxidant and protective
. 1 1 8 0
proteins/enzymes
Regulation of gene expression, 0 14 5 |
cell division, and differentiation
Metabolism of proteins,
amino acids and other 2 16 5 0
nitrogenous compounds
Lipid metabolism 0 3 0 0
Total 17 61 29 4
of the alpha and beta subunits of ATP synthase RP220 RP224-232

increased more than 4- and 3-fold, respectively;
the relative abundance of ribosomal proteins S4 and uL.6
and heterogeneous nuclear ribonucleoprotein A3
increased more than threefold. The relative abundance
of cytoskeletal proteins (tubulin beta, filamin,
clathrin heavy chain) and heat shock protein 1B
from the HSP70 family increased more than twofold
(Supplementary Materials, Table S3).

A decrease in the relative content (compared
to RP220 binding) was found for only four proteins
bound to RP224-232. These included annexin 1
(Anxal, 10-fold), myosin heavy chain 9 (Myh 9, 5-fold),
Ras-related protein Rab-11A (Rablla, 2.3-fold),
and elongation factor 2 (Eef2, 1.5-fold) (Fig. 4,
Supplementary Materials, Table S3).

DISCUSSION

The obtained results indicate that possible
proteolytic cleavage of the twenty-membered
RP220 peptide to form the RP224-232 nanopeptide
has a minor effect on the qualitative composition
of the protein fractions bound to these peptides.
Taking into consideration the biosensor analysis data
on the interaction of model proteins (PK and LDH)
with immobilized peptides, it can be assumed that
such shortening of RP220 preserves the key amino acid
residues (VSIDNKKRN) that determine the interaction
of the studied peptides with proteins. It should be noted
that the relative content of proteins bound
to the immobilized nanopeptide was higher for most
proteins than in the case of immobilized RP220.

68

Figure 2. Venn diagram describing the number of rat
kidney proteins bound to RP220 and RP224-232 peptides.
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Figure 3. Normotensive rat RP224-232-binding kidney
proteins with increased relative content versus the content
of RP220-binding proteins. Here and in Figure 4 protein
coding genes are indicated. More detailed information
is available in Table S3 of Supplementary Materials.
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Figure 4. Normotensive rat RP224-232-binding kidney
proteins with decreased relative content versus the content
of RP220-binding proteins. More detailed information
is available in Table S3 of Supplementary Materials.

This suggests that further proteolytic processing
will not lead to the inactivation of this peptide; moreover,
the processing may contribute to the emergence
of additional biological activities that can possibly find
pharmacological application.
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B3AUMOJIEMCTBHUE BEJKOB ITOUYEK KPbIC C IENTHUIOM PEHAJIA3BI RP220
N ETr'O HOTEHIHUAJIBHBIM ITPOTEOQJIUTUYECKUM ®PATMEHTOM RP224-232:
CPABHUTEJIbHBI AHAJIN3 IPOTEOMOB
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Penanaza (RNLS) — 06enok, KOTOpOMY CBOMCTBEHHBI Pa3UYHbIC (DYHKIIMM BHYTPH M CHAPYKU KICTOK.
JIBaquaTHYIEHHBII CHHTETHYECKUH TENTHUI, COOTBETCTBYIOUIMI aMMHOKHCIOTHOM MOCJIEeNI0BaTEIbHOCTH
RNLS uenosexa 220-239 (RP220), mposiBisier psit (hapMakoIOrn4ecKy MpUBIIEKaTeNIbHBIX aKTUBHOCTEH in Vitro M
in Vivo ¥ MOXKET CBA3BIBATHCS] CO MHOTMMH BHYTPHKJICTOUHBIMHK OenkaMu rodek. [1pu aTom nocienoBarensHocTs RP220
COZEPKHUT HECKOIBKO YYACTKOB PACIICIVICHUS BHEKJIECTOYHBIMH W IUPKYIHPYIOIMMH B KPOBH IPOTEa3aMH.
B nmanHOW paboTe MBI HCCIEIOBAIM B3aWMOACHCTBHE MOJAEIBHBIX OENKOB C menTuiaoM peHanassl RP220 u
CUHTETUYECKHUM TIENTUJIOM, COOTBETCTBYIOIIMM aMHUHOKHUCJIOTHOW mociegoBaTenbHoctT RNLS 224-232 u
Ha3BaHHBIM RP224-232. Mbl Tak)Ke BBIOIHUIN TPOTEOMHOE MPOPHUIMPOBaHNE OEIIKOB MOYEK HOPMOTEH3UBHBIX KPBIC
C 9TUMH nenTtuaaMu B KadecTBe adduuHBIX nurannoB. [lomydeHHBIE pe3ynbTaThl CBUAETEILCTBYIOT O TOM,
yTo 00a TMenTHaa IPOSBIASIOT MPAKTHYECKH OJMHAKOBOE CPOJACTBO K MOJICIBHBIM OeikaM (TMUpyBaTKMHA3E M
JAKTaTAECTHAPOTEHA3€), a MPOTEOMHbIC MPO(GMIN TMOYEK HE3HAYUTENbHO OTIH4aroTcs. [Ipm 3TOM OTHOCHTENBHOE
comepKaHue psfa CBs3aBmMXCsA ¢ mnentuaoM RP224-232 GenkoB modek ObUIO Jaxke BBINIE, Ye€M B ClIydae
ucrnons3oBanus RP220. Dto cBuAETeNnbCTBYET O TOM, UYTO HpPOTEONHTHYEeCKHi mporeccuHr RP220 He Tomnbko
He OyZieT NIPUBOIUTH K MHAKTHBAIMH 3TOTO MENTH/A, HO OylIeT CIoCOOCTBOBATH MOSBICHUIO JOMOJHUTEIBHBIX CBOICTB,
KOTOpbIE MOTYT HAlTH (apMaKoIOrHYeCKOe TPUMEHEHHE.

Tonuwiii mexcm cmamuvu Ha PyccKoM A3biKe docmynel Ha cavime xcypuana (hitp://pbmc.ibmc.msk.ru).
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