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INTERACTION OF KIDNEY PROTEINS OF NORMAL AND HYPERTENSIVE RATS
WITH FRAGMENTS OF RENALASE PEPTIDE RP220
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Renalase (RNLS) is a protein involved in the regulation of blood pressure; it has various functions
inside and outside cells. The twenty-membered peptide RP220, corresponding to the amino acid sequence
of human RNLS 220-239, reproduces a number of effects of extracellular RNLS and can bind to many intracellular
proteins in the kidney. The RP220 sequence contains several cleavage sites for extracellular proteases, which
could potentially produce RP224-232 and RP233-239 peptides. The aim of this work was to perform proteomic
profiling of kidney tissue from normotensive Wistar Kyoto (WKY) rats and spontaneously hypertensive rats (SHR)
derived from WKY, using potential proteolytic fragments (RP224-232 and RP233-239) of the RP220 peptide
as affinity ligands, and to compare these proteomic profiles with the profiles obtained using the parent RP220 peptide.
The obtained results indicate that the relative content of proteins bound to the RNLS peptides in SHR, compared
to that in WKY rats, changes most significantly in the case of the RP224-232 peptide. Almost all of these proteins,
with a few exceptions, are associated with cardiovascular pathology, many with hypertension. The results of our work
indicate that proteolytic processing of RP220 does not lead to the inactivation of this peptide, but to a change
in its ligand/regulatory properties, as well as the repertoire of potential protein partners and, consequently,
protein-protein interactions that may have possible pharmacological application.
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INTRODUCTION

Renalase (RNLS) is a secretory protein discovered
twenty years ago; it is involved in the regulation
of blood pressure, exerting its regulatory effects
through catalytic and non-catalytic mechanisms [1-5].
Full-length intracellular RNLS is a FAD-dependent
oxidoreductase (EC 1.6.3.5) that catalyzes the oxidation
reaction of isomeric forms of B-NAD(P)H reduced
at positions 2 or 6 of the nicotinamide moiety
instead of the metabolically active position 4 [6].
Extracellular RNLS, lacking its N-terminal signal
peptide, apparently undergoes proteolytic processing [7]
to form RNLS peptides, which mediate the effects
of this extracellular protein.

One of the most interesting RNLS peptides
that attract much attention of researchers is RP220,
a20-membered peptide corresponding to the amino acid
sequence of RNLS 220-239 [5, 8]. Its critical regulatory
role is supported by the fact that this peptide reproduces
a number of effects of extracellular RNLS [5, 8].
It should be noted that the RP220 sequence
contains several cleavage sites for extracellular and
circulating proteases, which can form several
peptides, including RP224-232 and RP233-239,
corresponding to fragments of the RNLS sequence
224-232 and 233-239, respectively [7, 9].

A Dbiosensor study of the interaction of model
intracellular proteins that bind to the RP220 peptide [10]
showed that the RP224-232 peptide also interacted
with the studied model proteins, demonstrating
an affinity comparable to that of RP220. The latter
indicates that the amino acid sequences, crucial
for RP220 interaction with its (at least model) targets,
included residues 224-VSIDNKKRN-232 [9].

This suggested that possible proteolytic cleavage
of the twenty-membered RP220 peptide to form
the RP224-232 peptide had little effect on the qualitative
composition of the protein fractions bound to these
peptides [9]. However, the interaction of RP233-239
with potential tissue targets was not studied.
In this regard, the aim of the present work
was a comparative proteomic profiling of kidney tissue
from normotensive and hypertensive rats using
peptides RP224-232 and RP233-239 as affinity ligands.

MATERIALS AND METHODS

Reagents

The following reagents were used in this study:
cyanogen bromide-activated Sepharose 4B, ammonium
bicarbonate, dithiothreitol, guanidine hydrochloride,
urea, sodium chloride, Triton X-100, 4-vinylpyridine,

© 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/).

103



KIDNEY PROTEINS BOUND TO FRAGMENTS OF RP220 PEPTIDE

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 nine-membered
RNLS peptide RP224-232 (VSIDNKKRN) and
the seven-membered RNLS peptide RP233-239

(IESSEIG), corresponding to the fragments
of the human renalase peptide RP220-239
(CIRFVSIDNKKRNIESSEIG), were synthesized

by BelkiAntitela (Russia). The purity of each of these
peptides was 98%. Other reagents of the highest purity
grade available were from local suppliers.

Experimental Animals

The experiments were performed on 14-week-old

male normotensive Wistar Kyoto rats (WKY)
(n=6; blood  pressure 110-120 mmHg)
and spontaneously hypertensive rats (SHR)

(n=5; blood pressure 180+ mmHg) obtained from
the Pushchino laboratory animal nursery (branch
of the M.M. Shemyakin and Yu.A. Ovchinnikov
Institute of Bioorganic Chemistry of the Russian
Academy of Sciences). 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)
(buffer A) and diluted with this buffer to a final
concentration of 30 mg/ml. To assess the relative
quantitative changes in the protein content, the same
amount of total protein was used during sample
preparation; the total protein content was controlled
using the Bradford method [11]. After incubation
in the presence of 3% Triton X-100 (4°C, 1 h),
the lysates were diluted 3-fold with the same buffer
and centrifuged for 30 min at 16,000 g to obtain
a cleared supernatant.

Affinity Chromatography of Rat Kidney Proteins
Using RP220 Peptide Fragments Immobilized
on Cyanogen Bromide-Activated Sepharose 4B

Covalent binding of the RP220 peptide
fragments RP224-232 and RP233-239 to cyanogen
bromide-activated Sepharose 4B (CNBr-Sepharose)
was performed according to the standard
protein/peptide ligand immobilization protocol [12].
To determine proteins that non-specifically bind
to the affinity sorbent, we have used control cyanogen
bromide-activated Sepharose, which was subjected
to the same procedures, but without the addition
of RNLS peptides.

104

Rat kidney tissue lysate at a concentration of 2 mg/ml
was added to the affinity carrier washed with buffer A.
Samples were incubated overnight in suspension (1:1)
at 4°C with gentle mixing (with the addition
of a protease inhibitor cocktail at the concentration
recommended by the manufacturer). Subsequent
procedures were carried out at room temperature.
After washing of non-specifically bound proteins
with buffer A, containing 0.3 M NaCl, until
protein disappearance in the washing waters
(control according to D,g), elution was carried out with
0.2 M glycine buffer, pH 2.8, containing 0.5 M NaCl
(elution rate was 0.5 ml/min). The eluate
was concentrated to a volume of 250 pl using
Amicon Ultra membrane filters, as recommended
by the manufacturer. Then the proteins were precipitated
with a chloroform-ethanol mixture, as described in [13].

Identification and Comparison of the Relative
Content of Proteins from WKY and SHR Rats Bound
to Immobilized Fragments of the RP220 Peptide

Sample preparation for mass spectrometric
analysis (reduction of disulfide bonds, alkylation
of sulthydryl groups, and trypsinolysis) was performed
on membrane centrifuge filters as described in [14].

Mass spectrometric analysis was performed using
the equipment of the Human Proteome Shared Use
Center at the Institute of Biomedical Chemistry
(IBMC). The conditions of mass spectrometric analysis
are described in [15].

RESULTS AND DISCUSSION

Proteomic profiling of kidney proteins, bound
to the fragments of the RP220 peptide, revealed a large
group of SHR proteins demonstrating increased relative
content compared to that of normotensive rats (WKY).
For the RP224-232 peptide, it included 106 proteins,
and for the RP233-239 peptide 118 proteins
were identified (Table 1, Fig. 1, Tables S1 and S3
of the Supplementary Materials). In both cases,
this number was somewhat higher than in the case
of the RP220 peptide (98) [10]. In all three cases
of the RNLS derived peptides as the affinity
ligands, the proteins involved in the regulation
of gene expression, cell division, and differentiation
predominated among the SHR kidney proteins
demonstrating increased relative content versus WKY.
The number of RP220 binding proteins, which were
characterized by decreased relative content in SHR rats,
was significantly higher than in the case of its fragments
RP224-232 and RP233-239 (90, 55, and 14, respectively)
(Table 1, Fig. 1, Tables S2 and S4 of the Supplementary
Materials). In the case of both the RP220 peptide
and its RP224-232 fragment, proteins involved
in the regulation of gene expression, cell division, and
differentiation, as well as proteins of cytoskeleton,
transport, and exocytosis, predominated (Table 1).
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Table 1. Functional distribution of SHR kidney proteins bound to RP220-, RP224-232-, and RP233-239 peptides and
demonstrating altered relative content compared to that of normotensive WKY rats*

Number of SHR proteins Number of SHR proteins
with increased relative content with decreased relative content
Functions versus that of WKY versus that of WKY
RP220 [ RP224-232 | RP233-239 | RP220 | RP224-232 | RP233-239

Energy generation and carbohydrate metabolism 14 16 23 8 6 1
Cytoskeleton, transport, and exocytosis 12 9 19 30 25 3
Signal transduction and enzyme activity regulation 10 8 10 10 4 2
Antioxidant and protective proteins 15 16 21 8 5 1
Regul.atlon o_f gene expression, cell division, 33 49 33 3 14 6
and differentiation
Metabolism of proteins, amino acids,

. 10 5 8 3 1 0
and other nitrogenous substances
Lipid metabolism 4 3 4 0 0 1
Total 98 106 118 90 55 14

The table compiled using data of Supplementary Materials Tables S1-S4. Results obtained using RP220 were

taken from [10].

RP220 RP224-232
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A RP233-239

RP220 RP224-232

(SN

B RP233-239

Figure 1. Kidney proteins bound to the RP220 peptide and its fragments RP224-232 and RP233-239 and
demonstrating altered relative content in SHR compared to normotensive WKY rats: A — increased relative content.

B — decreased relative content.

Proteins with higher relative abundance in SHR
are evenly distributed among sets common
to all three peptides RP220, RP224-232, and RP233-239
and individual sets for each of these peptides
(31, 33, 39, and 45 proteins, respectively).
Forty-five common proteins with altered relative
abundance in hypertensive animals compared
to normotensive (WKY) rats were identified
for the RP220 peptide and its RP224-232 fragment;
51 common proteins were identified for the RP220
peptide and its RP233-239 fragment (Fig. 1A).
The number of proteins with decreased relative
content in SHR rats, common for the RP220 peptide
and its RP224-232 fragment (36 proteins), was also
comparable with the number of corresponding
proteins sorbent-specific for the RP220 peptide (48),

and exceeded the number of proteins specific
for the RP224-232 peptide (18). In the case
of the RP233-239 peptide, the number of proteins
with  decreased relative content in SHR,
compared to WKY rats, was rather small (only 14)
(Table 1, Fig. 1B).

The change in the relative content of SHR rats
kidney proteins, compared to WKY rats, was especially
demonstrative in the case of the RP224-232 fragment.
For example, for fructose-1,6-bisphosphatase 1,
the relative content increased by more than 2000 times.
The relative content of the 60S subunit ribosomal
proteins L4, L6, L7a, L8, L9, L11, L12, L18, L18a,
L22, L23a, L30 demonstrated a significant increase
(from 20 to more than 230 times); the similar trend
was also found in the case of the 40S subunit ribosomal
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proteins S3, S4, S7, S8, S12, S13, S15a, S20, S23, S25
(from 20 to almost 100 times) (Table 2, Fig. 2).
The relative content of catalase, bound to the RP224-232
peptide, increased in hypertensive rats by more
than 230 times, glutathione-S-transferase alpha-1 —
by more than 65 times, the dihydrolipoyltransacetylase
component of the pyruvate dehydrogenase complex —
by 65 times, transketolase by 50 times,
dehydrogenase/reductase 4 of the SDR family —
by almost 100 times, peroxisomal trans-2-enoyl-
coenzyme A reductase by 115 times,
villin — by more than 270 times, vitamin D-binding
protein — by 84 times, mitochondrial aconitate
hydratase — by 45 times, acyl-CoA dehydrogenase
of very long chain fatty acids — by almost 44 times,
small nuclear ribonucleoprotein Sm D3 — by 46 times
(Table 2, Fig. 2). The relative content of various
T-complex subunits increases by 20—40 times, and
the relative content of a number of heat shock proteins
increases by 20-50 times (Table 2, Fig. 2).

At the same time, almost all proteins,
bound to RP220 peptide fragments and characterized
by the altered relative content in SHR compared
to control animals, are related (with a few exceptions)
to the development of cardiovascular pathology (relevant
references are given in Tables 2-5). For example,
fructose-1,6-bisphosphatase is one of the regulatory
enzymes of gluconeogenesis; its content is increased
in metabolic syndrome. Animal models have shown
that disturbances in fructose metabolism lead not only
to obesity and diabetes, but also to hypertension [23-25].

Interestingly, many ribosomal proteins bound
to the RP224-232 peptide in SHR rats. It is known
that, in addition to participating in the translation
process, ribosomal proteins perform many
extra-ribosomal functions associated with proliferation,
differentiation, DNA repair, apoptosis and other cellular
processes. Dysfunction of ribosomal proteins
is associated with the development of oncological,
hematological, metabolic and, in particular,
cardiovascular diseases [19-22]. Certain evidence
exists that the ribosomal protein L17 plays a role
in the regulation of proliferation of the carotid artery
smooth muscle cells [36].

The relative content of the key antioxidant
enzyme catalase, bound to the RP224-232 peptide,
demonstrated a more than 230-fold increase in SHR rats.
There is evidence that overexpression of catalase in renal
proximal tubule cells in a special line of transgenic mice
led to normalization of oxidative stress, prevented
development of hypertension, normalized the expression
level of angiotensin-converting enzyme 2, improved
glomerular filtration, prevented albuminuria, renal
hypertrophy, tubulointerstitial fibrosis, apoptosis,
and suppressed the expression of pro-fibrotic, and
pro-apoptotic genes [16].

Among RP224-232 bound proteins, which
demonstrated decreased relative content in SHR rats,
the most pronounced (250-fold) relative decrease
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was found in the case of stratifin (Table 3, Fig. 3).
A significant decrease in the relative content was also
found for annexins A1 and A2, myosin heavy chain 9,
calnexin, tubulin beta 5 chain, and elongation factor 2
bound (by 48, 12, 19, 6, 6, and 8 times, respectively)
(Table 3, Fig. 3).

Stratifin (also known as 14-3-3 sigma) belongs
to the 14-3-3 protein family; proteins of this
family participate in the regulation of numerous
intracellular processes. Increased levels of stratifin
were detected in endothelial cells of patients and
in a strain of rats with pulmonary hypertension. Targets
of signaling pathways, activated with the participation
of this protein, are intensively studied [50].
Annexin Al is a glucocorticoid-regulated protein
with anti-inflammatory and regulatory effects;
it prevents age-related changes in the cardiovascular
system and regulates blood pressure. Mice lacking
the annexin Al gene demonstrate structural and
functional cardiovascular disorders: high blood pressure,
impaired cardiac activity, cardiac hypertrophy,
marked vascular remodeling, inflammation, and
premature aging [38]. Myosin 9 is a cellular myosin
that plays a role in cytokinesis, cytoskeletal
reorganization, secretion and other cellular
processes. A correlation has been found between
hypertension and the myosin heavy chain 9 gene
polymorphism in patients with chronic kidney disease
in China [49].

Tables 2 and 3 show that in the case
of the RP224-232 peptide (a fragment of the RP220
peptide) in almost all cases the fold change
in the relative protein content in hypertensive rats
compared to control animals exceeded that
for the original RP220 peptide. No such changes
were found during comparison of proteins bound
to the RP233-239 fragment and to the parent
RP220 peptide (Tables 4 and 5).

The relative content of catalase, glutathione-S-
transferase  alpha-1, dihydrolipoyltransacetylase
component of the pyruvate dehydrogenase complex
in SHR rats increased compared to the controls:
in the case of RP224-232 peptide by 234 times,
65 times, and 65 times, respectively, while in the case
of RP220 peptide no such changes were found.
The relative content of fructose-1,6-bisphosphatase 1
bound to RP224-232 peptide increased in SHR rats
compared to the controls by almost 2247 times,
and in the case of RP220 peptide the increase
was significantly lower (just by 159 times).
In the case of 40S ribosomal protein S20, this
difference was almost 65 times, while in the case
of transketolase more than 11 times (Table 2).
The same can be said for kidney proteins, characterized
by decreased relative content in SHR compared
to the control rats. In the case of the RP220 peptide,
this decrease was much less noticeable for almost all
proteins than in the case of proteins bound
to its RP224-232 fragment (Table 3).
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Figure 2. SHR kidney proteins bound to the RP224-232 peptide and demonstrating increased relative content compared
to normotensive WKY rats (genes encoding the proteins characterized by the most pronounced increase are indicated).
The inset shows the same without fructose-1,6-bisphosphatase 1.

Table 2. SHR kidney proteins bound to RP224-232 and demonstrating at least 18-fold increase in the relative content
compared to that of normotensive WKY rats

. = Fold change Role
Uniprot Uni 2 . . .
R niprot . . = o increase in cardio-
# accession Uniprot protein name o [ Localization
number gene name £ RP224-232] RP220 vascular
< - pathology
1 [P00502 Gstal Glutathione S-transferase alpha-1 | 4 |C 65.325 —| —
2 |P04762 Cat Catalase 4 |P, MCh, EPR 233.931 —| [16]
Dihydrolipoyllysine-residue
3 |Pos4s1 Dlat acetyltransferase component 1 [Mch 65.208 —| 17,18
of pyruvate dehydrogenase
complex, mitochondrial
4 1P12001 Rpli8 60S ribosomal protein L18 5 |C, EPR 21.946| 4.708| [19-22]
5 [P17077 Rpl9 60S ribosomal protein L9 51|C 45.834] 2.780| [19-22]
6 |P19112 Fbpl Fructose-1,6-bisphosphatase 1 1|C 2246.7941159.786 | [23-25]
7 [P21533 Rpl6 60S ribosomal protein L6 5 |C, EPR 80.472| 10.585]| [19-22]
8 [B2RYU2 Rpli2 60S ribosomal protein L12 51|C 20.468| 2.842| [19-22]
9 |P26772 Hspel 10 kDa heat shock protein, 4 [Mch 28237| 2.487| [26]
mitochondrial
10|P48721 Hspa9 Stress-70 protein. mitochondrial 4 (MCh, N 49.776| 6.783| [27]
11|P50137 Tkt Transketolase 1|C 50.538] 4.387| [28]
12[{AOAOH2UHGT7 |Rps20 40S ribosomal protein S20 5|C,N 97.196( 1.552| [19-22]
13|B5DEL9 Rps7 40S ribosomal protein S7 51C 20.036( 0.254| [19-22]
14|B2RYRS8 Rps8 40S ribosomal protein S8 51C 19.428 —| [19-22]
15(P62246 Rpsi5a 40S ribosomal protein S15a 51|C 21.890( 1.697| [19-22]
16(P62250 Rpsl16 40S ribosomal protein S16 51|C 96.403( 3.646| [19-22]
17|P62268 Rps23 408 ribosomal protein S23 5 |C, EPR 18.155 —| [19-22]
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Table 2. SHR kidney proteins bound to RP224-232 and demonstrating at least 18-fold increase in the relative content
compared to that of normotensive WKY rats (continued)

. = Fold change Role
Uniprot . o . . )
. Uniprot . . E=] o increase in cardio-
# accession Uniprot protein name o [ Localization
number gene name £ RP224232 RP220 vascular
< - pathology
18(P62278 Rpsi3 40S ribosomal protein S13 51|C 70.031( 1.998]| [19-22]
19|F1MO013 Rpl7a 60S ribosomal protein L7a 51|C 38.699( 4.383| [19-22]
20| X1WI37 Rpsdx 40S ribosomal protein S4 51C 53.085 — [19-22]
21|P62718 Rpli8a 60S ribosomal protein L18a 51|C 68.526( 9.815| [19-22]
22|P62752 Rpl23a 60S ribosomal protein L23a 51|C,N 27.412 — [19-22]
23|FIM6F4 AABRO07071294.1|40S ribosomal protein S25 51|C 44.576 —| [19-22]
24|P62890 Rpl30 60S ribosomal protein L30 51|C 232.335 —| [19-22]
25(P62909 Rps3 40S ribosomal protein S3 5 |C, M, MCh, N 47.671| 1.557| [19-22]
26(P62914 Rplll 60S ribosomal protein L11 5|C,N 18.267| 1.141| [19-22]
27|P62919 Rpl8 60S ribosomal protein L8 51C 158.494 — [19-22]
28(P63039 Hspdl 60 kDa heat shock protein, 4 |Mch 33250 —| [29]
mitochondrial
29|G3V7J0 Aldh6al Aldehyde dehydrogenase 6 family, | ¢y rep N 29.684| 9.952| [30]
member Al
30|Q5XIM9 Cet2 T-complex protein 1 subunit beta | 4 |[C 19.979| 0.403| —
311Q6QON1 Cndp?2 Cytosolic non-specific dipeptidase | 6 [C 32.478 —| —
32|(Q7TPB1 Cct4 T-complex protein 1 subunit delta | 4 |C 19.860| 2.344)| [30]
Dehydrogenase/reductase
33|Q8VID1 Dhrs4 SDR family member 4 7 |P 99.405 — —
34(Q9ER34 Aco2 Aconitate hydratase, mitochondrial | 1 |MCh 44971 4.512( [31]
35|QOWVK3 Pecr Peroxisomal trans-2-enoyl-CoA 7 lp 115.331 |
reductase
36|B5DFA0 Vill Vill protein 2 |C 272.801|144.387| —
37|D4AC23 Cet7 T-complex protein 1 subunit eta 4 (C 39.470 —1 [30]
38| MOR907 Snrpd3 Small nuclear ribonucleoprotein 5|leN 46.080 |
Sm D3
Serine (or cysteine) proteinase
39|Q5MSC3 Serpinad inhibitor, clade A (alpha-1 3 e 33328 —| [32,33]
antiproteinase, antitrypsin),
member 4
40|P45953 Acadvl Very long-chain specific acyl-CoA | 1y sy 43635 —| [34]
dehydrogenase, mitochondrial
41|P04276 Ge Vitamin D-binding protein 2 (S 84.305 —1 [35]
421Q6P3V9 Rpl4 60S ribosomal protein L4 51C 25.888 — [19-22]
43(P47198 Rpi22 60S ribosomal protein L22 51|C 45.322| 2.552| [19-22]

Here and in Tables 3-5, the numbers in the “functions” column designate the following functional groups of proteins:
1. Proteins/enzymes involved in energy generation and carbohydrate metabolism. 2. Proteins involved in cytoskeleton
formation, transport, and exocytosis. 3. Proteins involved in signal transduction and regulation of enzyme
activity. 4. Antioxidant and protective proteins/enzymes. 5. Proteins regulating gene expression, cell division, and
differentiation. 6. Enzymes involved in the metabolism of proteins, amino acids, and other nitrogenous compounds.
7. Enzymes involved in lipid metabolism.

Protein localization: C — cytoplasm, N — nucleus, M — membranes, PM — plasma membrane, MCh — mitochondria,
EPR — endoplasmic reticulum, Ve — vesicles, P — peroxisomes, S — secreted proteins.

Here and in Tables 3-5, the data on the change in the relative content of proteins in the kidneys of hypertensive animals
(compared to that of control animals) bound to RP220 peptide are taken from [10].

For the convenience of searching, protein names are given in the form in which they appear in the Uniprot database.

The statistical value -LOG(P-value) for parameters characterizing relative content of proteins bound to RP224-232
was within the range 2.13—6.44; more details are given in Table S1 (Supplementary Materials).
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Figure 3. SHR kidney proteins bound to the RP224-232 peptide and demonstrating decreased relative content
compared to that of normotensive WKY rats (genes encoding the proteins characterized by the most pronounced
decrease are indicated).

Table 3. SHR kidney proteins bound to RP224-232 and demonstrating at least 4-fold decrease in the relative content
compared to that of normotensive WKY rats

Uniprot ) = Fold change ) Role.
# accession Uniprot Uniprot protein name % | Localization decrease in cardio-
number sene hame E RP224-232| RP220 Vatilcullar
pathology
1 |P05197 Eef2 Elongation factor 2 5|C,N 0.123( 0.240] [37]
2 |P07150 Anxal Annexin Al 2 |PM, C 0.021( 0.237] [38]
3 |P16617 Pgkl Phosphoglycerate kinase 1 1|C 0.246| 0.466| [39]
4 |P35565 Canx Calnexin 4 |EPR 0.161( 0.353] [40]
5 |P68370 Tubala Tubulin alpha-1A chain 2 |C, MCh 0.206 — [41]
6 |P69897 Tubbs Tubulin beta-5 chain 2 |C 0.168 —| [41]
7 |P84245 H3-3b Histone H3.3 5 (N 0.205| 0.296| [42]
8 [Q07936 Anxa?2 Annexin A2 2 |PM, C 0.087| 0.323| [43]
9 |Q5XFX0 Tagin2 Transgelin-2 2 |c 0215 0.292] [44]
10{Q5XIF6 Tuba4a Tubulin alpha-4A chain 2 |C 0.203| 0.338| [41]
111Q63279 Krt19 Keratin, type I cytoskeletal 19 2 (C 0.080 —| —
12({Q6POK8 Jup Junction plakoglobin 2 |IC,M 0.136| 1.989]| [45]
13[{Q9Z1P2 Actnl Alpha-actinin-1 2 |C,M, PM 0.231 —| [46]
14|A7VIC2 Hnrnpa2bl Eﬁ;";ﬁﬁi‘;‘igfgﬁs"f%l 5|C,N,S 0.254 —| 47
15|FILMV6 Dsp Desmoplakin 2 (PM, M 0.081 —| [48]
16(P52296 Kpnbl Importin subunit beta-1 3 |C,N 0.156| 0.128 —
17]1Q62812 Myh9 Myosin-9 2 |C, Ve 0.052 —| [49]
18|G3V9A3 Sfin Stratifin 5|(C,N 0.004 —1 [50]

The statistical value -LOG(P-value) for parameters characterizing relative content of proteins bound to RP224-232
was within the range 1.67-6.44; more details are given in Table S2 (Supplementary Materials).

The changes in the relative content of SHR kidney
proteins, bound to RP233-239, were not as obvious
as for the RP224-232 bound protein. The most
pronounced increase in the relative content
was observed for fructose-1,6-bisphosphatase 1
(almost 43 times), catalase (21 times), medium- and

long-chain 2-hydroxymonocarboxylic acid oxidase
(13 times), argininosuccinate synthase (11 times), and
transketolase (9 times) (Table 4, Fig. 4). The decrease
in the relative content of SHR kidney proteins,
bound to RP233-239, was insignificant (less than 4 times
compared to the control) (Table 5, Fig. 5).
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Table 4. SHR kidney proteins bound to RP233-239 and demonstrating at least 2-fold increase in the relative content
compared to that of normotensive WKY rats

. = Fold change Role
Uniprot . o . . .
R Uniprot . . =] oo increase in cardio-
# accession Uniprot protein name o | Localization ]
number pene e 5 RP233-239 | RP220 | et o1eor
= - pathology
1 |070351 Hsd17b10 fy‘lgz_cgoxyacyl'c"A dehydrogenase| 5 |;cp, 4919 —| —
2 |P02761 Mup Major urinary protein 31C, S 8.589| 19.433]| [51]
3 [P04762 Cat Catalase 4 |P,C 21.061 —1 [16]
4 |P05065 Aldoa Fructose-bisphosphate aldolase A | 1 |C 6.666 — [52]
5 |Q6LDS4 Sod1 Superoxide dismutase [Cu-Zn] 4 (C,N 6.793 —| [53, 54]
6 |P07756 Cpsl Carbamoyl-phosphate synthase | ¢ |y jeq 8299  —| [55]
[ammonia], mitochondrial
Dihydrolipoyllysine-residue
7 [pos4s1 Diat acetyltransferase component 1 Imcn 8.805 .
of pyruvate dehydrogenase
complex, mitochondrial
8 |P09034 Assl Argininosuccinate synthase 6 |C 11.096| 12.192]| [56]
9 |P17077 Rpl9 60S ribosomal protein L9 51|C 4.488| 2.780] [19,20]
10[P17764 Acatl Acetyl-CoA acetyltransferase, 7 |Mch 2348 —| [57]
mitochondria
11{P19112 Fbpl Fructose-1,6-bisphosphatase 1 1|C 42.678(159.814| [58]
12|P49242 Rps3a 40S ribosomal protein S3a 5|C,N 3.639 —1 [19, 20]
13(P50137 Tkt Transketolase 1]|C 9.717| 4387 —
14|P62271 Rpsi8 40S ribosomal protein S18 51|C 4.293 —| [19-22]
15|P62718 Rpli18a 60S ribosomal protein L18a 51|C 8.270| 9.817| [19-22]
16(P62755 Rps6 408 ribosomal protein S6 51C, N 4.647 — [19-22]
17|P98158 Lrp2 Low-density lipoprotein 3 |[PM, EPR, M 5.253[117.621] [59-61]
receptor-related protein 2
18|Q07523 Hao? 2-Hydroxyacid oxidase 2 7 |P 13.392( 202.39]| [62]
19]Q60587 Hadhb Trifunctional enzyme subunit beta, | |y 4y 4854| 9.666| [63]
mitochondrial
20|Q63716 Prdx] Peroxiredoxin-1 41C 5.015| 10.14| [64-66]
21|Q9ER34 Aco2 Aconitate hydratase, mitochondrial | 1 [MCh 4.510| 4.512| [31]
22(Q9z0v6 Prdx3 Thioredoxin-dependent peroxide | 4 | Epr Mmch 5577 —| —
reductase, mitochondrial
23|D4ACBS Ccet8 T-complex protein 1 subunit theta | 4 [C, MCh 4536 2.294| —
24{P20760 Igg-2a Ig gamma-2A chain C region 4 |C 4.468 — —
25(Q6P3V9 Rpl4 60S ribosomal protein L4 51C 6.506 — [19-22]

The statistical value -LOG(P-value) for parameters characterizing relative content of proteins bound to RP233-239
was within the range 1.11-4.29; more details are given in Table S3 (Supplementary Materials).

CONCLUSIONS

in hypertensive (SHR) rats,

compared to that

RP220 is a 20-membered peptide that corresponds
to a fragment of the RNLS amino acid sequence,
including residues 220-239, and reproduces a number
of RNLS effects [5, 8]. It contains several sites
for potential cleavage by extracellular and circulating
proteases, which can apparently form several peptides,
including RP224-232 and RP233-239 [7, 9].

In this study, we have demonstrated that
the change in the relative content of kidney
proteins, bound to the studied RNLS peptides
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in normotensive (WKY) animals, is most clearly
manifested in the case of the RP224-232 peptide
as an affinity ligand. Many of these RP224-232
bound proteins are associated with cardiovascular
pathology, including hypertension. This suggests that
proteolytic processing of RP220 does not result
in the inactivation of this peptide, but does result
in changes of ligand/regulatory properties, as well
as the repertoire of potential protein partners and,
therefore, protein-protein interactions that may have
potential pharmacological applications.
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Figure 4. SHR kidney proteins bound to the RP233-239 peptide and demonstrating increased relative content
compared to that of normotensive WKY rats (genes encoding the proteins characterized by the most pronounced

increase are indicated).
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Figure 5. SHR kidney proteins bound to the RP233-239 peptide and demonstrating decreased relative content
compared to that of normotensive WKY rats (genes encoding the proteins characterized by the most pronounced

decrease are indicated).
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Table 5. SHR kidney proteins bound to RP233-239 and demonstrating a decrease in the relative content compared

to that of normotensive WKY rats

Uni = Fold change Role
niprot . = . .
. Uniprot . . k=] o decrease in cardio-
# accession Uniprot protein name o [ Localization
number gene name £ RP233-239| RP220 vascular
< - pathology
1 [P04256 Hnrapal Heterogeneous nuclear 5|C,N, S 0.692| 0.262| [67]
ribonucleoprotein Al
2 (P05197 Eef2 Elongation factor 2 51C,N 0.689| 0.239] [37]
3 |P07483 Fabp3 Fatty acid-binding protein, heart 7 |C 0.756 — [68]
4 |P13084 Npml Nucleophosmin 5 |N, C, MCh 0.715( 0.430] [69]
5 [P13383 Ncl Nucleolin 5|C,N 0.296 —| [70]
6 |P28480 Tepl T-complex protein 1 subunit alpha | 4 [C, MCh 0.364 —1 [30]
7 1Q62636 Raplb Ras-related protein Rap-1b 3 |PM,C,M 0.591| 0.361] [71]
8 [P67779 Phbl Prohibitin 1 3 |PM, M, MCh, N 0.384( 0.282] [72]
9 |Q8CFN2 Cdc42 Cell division control protein 42| » | \r py 0.494| 0399 [73]
homolog
10]Q9QXQ0 Actn4 Alpha-actinin-4 C,N 0.721| 0.589] [46]
111Q9Z1P2 Actnl Alpha-actinin-1 C,M, PM 0.605( 0.472] [46]
Heterogeneous nuclear
12|A7VIC2 Hnrnpa2bl ribonucleoproteins A2/BI 5|C,N, S 0.682( 0.283] [47]
13(MORD14 LOCI100362738 |Pyruvate kinase 1]|C 0375 0.537| —
14|Q6P3V8 Eif4al ATP-dependent RNA helicase 51C 0.506| 0.071| —

The statistical value -LOG(P-value) for parameters characterizing relative content of proteins bound to RP233-239
was within the range 1.00-3.56; more details are given in Table S4(Supplementary Materials).
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B3AVMMOJIEMCTBUE BEJIKOB ITIOYEK HOPMO- M TUTTEPTEH3UBHBIX KPBIC
C ®PATMEHTAMMU PEHAJIAZHOI'O HEIITUJA RP220

O.A. byneesa*, B.U. ®eouenko, C.A. Kanowmuna, M.I. 3asevanosa, B.I. 3200a, A.E. Meosedes

Hay4Ho-uccrenoBarebckuii MHCTUTYT OnoMenuiuHckoi xumun umeHn B.H. OpexoBuua,
119121, Mockga, IToromunackas yi., 10; *3m. moura: olbuneeva@gmail.com

Penanaza (RNLS) — BOBNCUEHHBINH B PETYIALUIO apTePHAIbHOTO JaBICHUS OCOK, KOTOPOMY CBOWCTBEHHEI
pasnuuHbie (YHKIWW BHYTPH W CHapyXW KieTok. JIBammatwanmenHberii mentun RP220, cooTBeTcTByrommit
aMHHOKHUCIIOTHOM rociaenoBareabHocTr RNLS yenmoexa 220-239, BociponsBoauT psia 3¢ ekToB BHEKIeTOUHOH RNLS
U MOXET CBS3BIBaThCA CO MHOTHMH BHYTPHUKIETOUYHBIMH Oenkamu mouek. IlocmemoBarensHocTs RP220
COJIEP)KUT HECKOJIBKO YYacTKOB PpacIICIUICHHs BHEKJIETOYHBIMHM MpOTea3aMH, B TOM 4YHCIEe C 00pa3oBaHHEM
nentunoB RP224-232 w RP233-239. Ilenpto HacTosimied paboTbl OBUIO IPOTEOMHOE MNpoduIMpoBaHUE
TKaHU TOoYeK HopMoTeH3WBHBIX Kpbic Wistar Kyoto (WKY) u kpwic co cnoHtanHoi rumeprensueir SHR
(spontaneously hypertensive rats), momydeHHbix Ha ocHoBe WKY, ¢ wucrmonp3oBaHHEM NOTEHIHAIBHBIX
nporeonuTryeckux (parmentoB (RP224-232 u RP233-239) mentuma RP220 B kauectBe ad)(pUHHBIX JIHUTaHIOB,
B CpPaBHEHHHM C JaHHBIMHM [ ucxomHoro mnentuaa RP220. IlomydeHHble pe3ynbTaThl CBUAETEIBCTBYIOT O TOM,
4YTO OTHOCHTENIbHOE cozepkanue cpszaBmxcs ¢ RNLS-nentunamu 6einxoB SHR kpbic Mo cpaBHEHHIO C TaKOBBIM
y kpeic WKY HanbGonee sipko m3mensercs y nentupa RP224-232. Tlpaktuuecku Bce 3TH O€JKH, 3a PEIKUM
WCKITIOUCHNEM, aCCOIMHMPOBAHBI C CEPAEYHO-COCYJHCTON MarolorHel, MHOTHE ¢ TumepreHsued. Takum oOpazom,
npoTteonuTHYecKuil mponeccuHar RP220 mpuBoauT HE K MHAKTHBAIMHM IAHHOTO NENTHAA, HO K HW3MEHEHHIO
€r0 JIMTaHIIHBIX/PETYISATOPHBIX CBOMCTB, a TAKXKe perepTyapa MOTeHIHAIBHBIX OSJIKOB-IAPTHEPOB M, CIIENOBAaTEIbHO,
0e110K-0eTKOBBIX B3aUMOJICHCTBHH, KOTOPbIE MOTYT UMETh BO3MOXKHOE (papMaKoJIOrHYeCKOe MPUMEHEHHE.

Ionnvlii mexem cmamou Ha pycckom sA3vike 00cmynen Ha catime dcypuana (http://pbmc.ibme.msk.ru).

KuroueBble cjioBa: peHanasza; nmentuasl peHanassl RP220, RP224-232 u RP233-239; aprepuasibHasi THIEPTEH3US;
kpbickl WKY n SHR; nporeoMHoe npodunupoBaHue TKaHU IOYEK

®dunancupoBaHue. Pabora BbimonHeHa B pamkax lIporpamMmbl (pyHIAMEHTAlbHBIX HAYYHBIX HCCIIEAOBAHHIMA
B Poccuiickoit @eneparmu Ha monrocpounsii meprox (2021-2030 rogsr) (Ne 122030100170-5).
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