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THE SEARCH FOR POTENTIAL HYPOTENSIVE PEPTIDES
IN THE AMINO ACID SEQUENCE OF HUMAN RENALASE AND
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Renalase (RNLS) is a secretory protein discovered in 2005. It plays an important role in the regulation of blood
pressure. Studies by two independent laboratories have shown that administration of purified recombinant RNLS
reduced blood pressure in experimental animals. However, the mechanisms of the antihypertensive effect of RNLS
still remain unclear, especially in the context of the shift in the catalytic paradigm of this protein. In addition,
there is growing evidence that endogenous plasma/serum RNLS, detected by enzyme immunoassay, is not an intact
protein secreted into the extracellular space, and exogenous recombinant RNLS is effectively cleaved during short-term
incubation with human plasma samples. This suggests that the antihypertensive effect of RNLS may be due to peptides
formed during proteolytic processing. Based on the results of a bioinformatics analysis of potential RNLS cleavage sites
(Fedchenko et al., Medical Hypotheses, 2022; DOI: 10.1016/j.mehy.2022.110895), a number of short peptides
have been identified in the RNLS sequence that show similarity to fragments of known peptide inhibitors
of angiotensin-converting enzyme. Some of them were found as a part of larger RNLS peptides, formed during
RNLS cleavage by chymotrypsin and, and to a lesser extent, by trypsin.
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INTRODUCTION

Renalase (RNLS) is a secretory protein
discovered in 2005, which plays different roles
inside and outside cells [1-5]. Intracellular RNLS
is a FAD-dependent oxidoreductase (EC 1.6.3.5) [5, 6],
which oxidizes isomeric forms of B-NAD(P)H reduced
at the 2 or 6 position of the nicotinamide ring instead
of the metabolically active 4 position [7]. In this case,
FAD can only be “accommodated” in a full-length
protein containing an N-terminal peptide [8, 9], which
is cleaved during the secretion of this protein
into the extracellular space [10]. This explains
why extracellular RNLS, lacking the N-terminal
peptide, is unable to bind FAD and perform catalytic
FAD-dependent functions [9]. It exhibits various
protective effects on the cell through interaction
with receptor proteins [11-13]. However, the absence
of an intramolecular fragment, corresponding to amino
acid residues 100116 of the RNLS sequence [14, 15],
indicates that it is not the full-length protein
(lacking the secretory N-terminal peptide) that
circulates in the blood, but it represents the product(s)
of the proteolytic cleavage of extracellular RNLS.
Short-term incubation of recombinant RNLS with
blood plasma preparations leads to a significant
decrease in the level of full-length protein [16].
All this obviously indicates that RNLS entering
the bloodstream undergoes proteolytic processing [16],
and the resulting RNLS peptides have their own
biological activity.

In this regard, the well-known experimental fact
of a decrease of blood pressure in laboratory animals
induced by administration of recombinant RNLS
(and demonstrated in two independent laboratories),
requires reinterpretation [1, 17]. Taking into
account the change in the catalytic paradigm
(RNLS is not a catalytically active amine oxidase
circulating in the blood [1, 2], but is an intracellular
oxidoreductase unrelated to the degradation
of pressor amines), it becomes increasingly clear
that the hypotensive effect of exogenous RNLS
may be determined by some peptide fragments
of this protein. Bioinformatic analysis performed using
the Peptide Cutter and Pro cleave programs identified
potential cleavage sites, as well as proteolytic enzymes
capable (or not capable) of RNLS processing [16].

The aim of this study was to search for potential
antihypertensive peptides in the amino acid sequence
of human RNLS and their mass spectrometric
identification in proteolytic fragments of recombinant
human RNLS obtained as a result of cleavage
of this protein with trypsin or chymotrypsin.

MATERIALS AND METHODS

The search for potential peptides in the RNLS
sequence that can exhibit an antihypertensive
effect was carried out using the AHTPDB:
Database of Antihypertensive Peptides
(http://crdd.osdd.net/raghava/ahtpdb/index.php). For this
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purpose, the entire RNLS sequence was divided into
tetrapeptides, starting from the first amino acid residue
with a shift of one residue. The resulting tetrapeptides
were used as a query.

Except where specifically stated, all reagents
were from Sigma-Aldrich (USA); protein molecular
weight markers PageRuler™ PrestainedProteinLadder
from 2 kDa to 250 kDa were from Bio-Rad (USA).

The nucleotide coding sequence of the full-length
human RNLS gene was obtained using the exon
method, described in detail previously [18-20].
RNLS was synthesized in E. coli cells as a protein
containing a C-terminal hexahistidine tag, which
was used for protein purification on Ni-agarose [18-20].

Recombinant human RNLS (0.2 pg) was incubated
with trypsin (proteomics grade, Promega, USA) or
a-chymotrypsin for 30 min at 37°C in a volume of 20 pl.
In the case of trypsin, incubation was carried out
in standard trypsin buffer (Sigma-Aldrich) containing
trypsin (1 U). In the case of a-chymotrypsin, RNLS
was incubated in 100 mM Tris-HCI buffer (pH 7.8)
containing 10 mM CaCl, and o-chymotrypsin (1 U).
Incubations were stopped by heating at 90°C for 5 min,
and samples were them used for mass spectrometric
analysis of RNLS digestion products.

Mass Spectrometry Analysis

The samples were separated using an Acquity
H-Class UPLC system (Waters, UK) and loaded
in a volume of 3 1 onto an Acquity™ UPLC BEH C18
(2.1 x 50 mm, 1.7 pum particle size; Waters) column
with the pre-installed in-line 0.2 um filter at a flow
rate of 0.3 ml/min. The column was heated at 50°C.
Peptides were separated at a flow rate of 0.3 ml/min
in a gradient of mobile phase A (water with 0.1% formic
acid and 0.015% trifluoroacetic acid) and mobile
phase B (acetonitrile with 0.1% formic acid and
0.015% trifluoroacetic acid), using the following
gradient scheme: 0-2.5 min 3% B, then raising B
to 17% at 31.5 min, then raising B to 37% at 45 min
and to 97% at 47.5 min. The washing was maintained
in the isocratic mode for up to 51 min at a flow
rate of 0.45 ml/min, then phase B was gradually
reduced to the initial gradient conditions for 53.5 min
and equilibrated for the next 6 min at a flow
rate of 0.3 ml/min.

Proteomic analysis was performed on a Xevo G2-XS
high-resolution time-of-flight mass spectrometer
(Waters) with a Z-spray electrostatic ionization
source in the positive ionization mode at a capillary
voltage of 2.8 kV and a focusing voltage of 85 V
with shift to 115 V. The rate of desolvation gas flow was
set to 720 1/h at a temperature of 410°C,
the flow rate of the focusing gas was 50 1/h
at a temperature of 150°C. Parent ion scanning were
performed in the m/z range of 300-1250 with a full
working cycle of 235 ms. Fragment ions were obtained
in the dissociation mode with argon with an increase
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in activation energy in the range of 1442 eV. Active
mass calibration m/z = 556.27 (leucine enkephalin
at a concentration of 100 pg/ul, constant injection
at a flow rate of 5 pl/min) was performed every 30 s.

Raw data files were uploaded to the PLGS search
engine (Protein Lynx Global Server, version 3.0.3,
Waters). The search was conducted in UniProt KB
(Homo sapiens, May 2021 release). To assess the rate
of false positive results, a database was generated
automatically using reversed amino acid sequences.
The search was performed with a parent ion mass
tolerance of 20 ppm (£10 ppm tolerance window) and
a fragment ion mass tolerance of 0.008 Da
(4 mDa tolerance window). Methionine oxidation and
Q/N deamidation were included in the search algorithm
as possible modification variables. The minimum
peptide length was set to six amino acid residues.
A false positive rate (FDR) of 1% was used as a criterion
for peptide identification.

RESULTS AND DISCUSSION

The search for potential antihypertensive peptides
in the RNLS sequence resulted in identification
of 6 tetrapeptides, whose sequences matched regions
of the peptides exhibiting antihypertensive activity
(Table 1S, Supplementary Material). In most cases,
longer peptides containing fragments similar
to RNLS tetrapeptides showed antihypertensive
activity (Table 1). These tetrapeptide fragments were
located in different parts of the RNLS amino acid
sequence (Fig. 1). One of the tetrapeptides (VGAQG)
is located at the N-terminus of the sequence (7-10).
Since the N-terminal peptide is an extracellular signal
peptide, which must be cleaved during secretion
outside the cell, it cannot contribute to changes
of blood pressure in the body. At the same time, when
exogenous full-length recombinant RNLS reaches
circulation, its cleavage can lead to the appearance
of a peptide exhibiting the antihypertensive activity
due to the presence of the N-terminal fragment.

For each of the four RNLS tetrapeptides
(IZ]STSNZIS’ P249FGV252, PZ75GLP27R’ V84LRP87)
2 peptides with antihypertensive activity were
found in the database; they contained a sequence
equivalent to the tetrapeptides from RNLS. In the case
of the tetrapeptide F'™VAP'” 49 such peptides
were found (Table 1S, Supplementary Materials).
Analysis of the location of these tetrapeptides
on the 3D RNLS structure has shown that
the tetrapeptides V’GAG" and F'™VAP'" are located
inside the protein globule (Fig. 1). Thus, their potential
antihypertensive effect appears to be possible only
through partial hydrolysis of RNLS or through
unfolding of the protein molecule.

Analysis of the peptides identified in the database
for the mechanism of their antihypertensive action
has shown that they all inhibit the activity
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Table 1. Peptide inhibitors of ACE, containing tetrapeptide sequences identical to fragments of the RNLS sequence

RNLS tetrapeptide Sequenc;}(l)il;ﬁ(ig peptide ﬁ:ﬁggle IC5o (UM) Peptide source Reference
TSN SAYPGQITSN 10 7.08 | Not shown [21]
P**FGV*? VPFGVG 6 336.0 | Wheat (Triticum sp. sour dough) [22]
P**GLP*"® GAPGLPGP 8 29.4 | Hen (Gallus gallus) [23]
V'GAG" GVGAGY 6 4.07 | Not shown [21]
VHLRPY FCVLRP 6 12.3 | Shrimp [24]
F'™VAP'” FFVAP 5 6.0 | Cow casein [25]

* Tetrapeptide sequences of the ACE inhibitors, identical to fragments of the RNLS sequence, are shown in bold.

Figure 1. The location of tetrapeptide fragments identical to the tetrapeptide fragments of ACE inhibitors
in the spatial structure of RNLS. Peptides: V'GAG" — orange, V¥LRP* — white, F'*VAP'" — pink, **TSN?** — yellow,

P**FGV*? — magenta, P??GLP>* — blue.

of angiotensin-converting enzyme (ACE) with varying
effectiveness. Thus, it is reasonable to suggest
that the antihypertensive effect observed during
RNLS administration may be due to ACE inhibition
by peptides formed during RNLS cleavage by proteases.

Incubation of recombinant RNLS with trypsin
is accompanied by formation of several zones,
characterized by different frequencies of peptide
detection (Table 2). Among the seven zones, areas
with a higher frequency of peptides are identified
in five zones. In this case, only one zone contains
an intact tetrapeptide sequence corresponding

to the peptide ACE inhibitors. In the case
of chymotrypsin, there are nine zones with different
occurrences of the resulting peptides, and in three
of them intact tetrapeptides corresponding to peptide
ACE inhibitors have been found (Table 3). Taking
into consideration the fact that trypsin is absent
in the blood under physiological conditions, and
chymotrypsin-like activity is characteristic of mast cell
chymase [16], there are reasons to believe that
the cleavage of RNLS by chymase will contribute
to the formation of peptide ACE inhibitors. Further
experiments are needed to test this assumption.
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Table 2. Peptide zones detected by mass spectrometric analysis of recombinant RNLS peptides formed upon incubation

of this protein with trypsin

N o oo [ T e e e
1 RQTSGPLYLAVWDK 5669 —
2 FYDELLAYGVLRPLSSPIEGMVMK 110-133 —
3 ESGAEVYFR 155-163 —
4 DDKWEVSKQ 173-181 —
5 QOLEAVSYSSRYALGLFYEAGTK 217-239 —
6 FVSIDNKK 257-263 —
7 EIGPSLVIHTTVPFGVTYLEHSIEDVQELVFQQLENILPGLPQP 271-318 275-278

Here and in Table 3, peptide zones shown in bold and underlined indicate a region with a high frequency of peptide
detection; peptide zones highlighted in bold only indicate a region with the average frequency of peptide detection;
peptide zones shown in regular font indicate the usual frequency of peptide detection; peptide zones highlighted

in italics show a region of modified peptides.

Table 3. Peptide zones detected by mass spectrometric analysis of recombinant RNLS peptides formed upon incubation

of this protein with chymotrypsin

No RNLS peptides i e RNLS sequence | | of B ACE inbibtor.
1 | PLYLAVWDKADDSGGRMTTACSPHNPQCTADLGAQYITCT 61-100 84-87
2 | AKKHQRF 104-110 104-107
3 | YDELLAYGVLRPLSSPIEGMVMKEGDCNF 111-139 —
4 | VAPQGISSIIKHYLKESGAEVY 140-161 —
5 | IVLTMPVPEILQLQGDITTLISECQRQQLEAVSY 191-224 215-218
6 | YEAGTKIDVPWAGQYIT 234-250 —
7 | HSIEDVQELVF 291-301 —
8 | LPQPIATKCQKW 311-322 —
9 | TQSNF 354-358 —
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MOMCK MMOTEHIAAJILHBIX THITIOTEH3UBHBIX IENTHIOB B AMUHOKHACJIOTHOM
HOCJTEOOBATEJBHOCTHU PEHAJIA3BI YEJIOBEKA U X HAEHTHO®UKALIUA
B MPOTEOJINTUYECKHUX ®PATMEHTAX 93TOI'O BEJIKA

B.U. ®eouenko, A.B. Becenosckuii, A.T. Konvinoe, A.E. Meoseoes™

HayuHo-uccnenoBarensCkuil HHCTUTYT Onomenuiuackoi xumun uMm. B.H. Opexosuua,
119121, Mocksa, [Toromunckas yia, 10; *351. mouta: professorS7@yandex.ru

Penamaza (RNLS) — orkpeiteiii B 2005 . cekpeTOopHBIH O€JI0K, KOTOPOMY OTBOAST Ba)XHYIO pOJIb
B PETY/SIIMU apTepHUANBHOTO JaBieHus. [lo JaHHBIM IBYX HE3aBHCHMBIX JIaOOpaTopwii, BBEACHHE OUYHMIICHHOTO
npenapara pekomOmHaHTHOW RNLS cHmkamo aprepmanpbHOE MAaBICHHE Y SKCIEPUMEHTANBHBIX JKHUBOTHBIX.
OpnHako MeXaHM3Mbl aHTUTHIEepTeH3uBHOro 3Pdexta RNLS mo-mpexHeMy HESICHBI OCOOCHHO C yYETOM CMEHBI
KaTaJIMTHUYECKOHN MapaurMbl 3Toro oeika. Kpome Toro, HakarmBaetcs BcE OOJbINe MaHHBIX, YTO 3HaoreHHas RNLS
TUIA3MBI/CHIBOPOTKM KPOBH, BBISBISIEMAass NMPU IOMOIIM MMMYHO(GEPMEHTHOTO aHajiu3a, HE SIBISETCS WHTaKTHBIM
0eKOM, CEKpeTHPYyEeMBIM BO BHEKJIETOUYHOE IPOCTPAHCTBO, a 3K30reHHas pexomOuHanTHas RNLS sddexruBHO
paspyliaeTcs IpH KpaTKOBPEMEHHOH WHKYOAIMy ¢ 0Opa3lamMM IUIa3Mbl YeJOBEKa. DTO MO3BOJISIET MPEAIONOXKHTH,
yTo aHTHTUNEpTeH3UBHBIA 3(pdexr RNLS Moxer OBITH OOYCIOBIICH MENTHIAMH, OOpa3yOIIUMHUCI B XOJe
MPOTEOINTUIECKOT0 HpoueccuHra. OCHOBBIBAsCh Ha Pe3ysbTaTax OMOMH(OPMATHUYECKOTO aHAIN3a IOTEHIMANbHBIX
caiitoB pacmeruieHuss RNLS (Fedchenko et al., Medical Hypotheses, 2022; DOI: 10.1016/j.mehy.2022.110895),
B mocienoBarenbHocTH RNLS BbIsiBIEeH psig KOPOTKMX HENTHAOB, MPOSBISIONIMX CXOJACTBO C (parMeHTamMH
M3BECTHBIX IENTHUAHBIX MHIMOWTOPOB aHTMOTEH3MHIpeBpalaromero ¢pepmenTa. Yacte M3 HUX Oblia oOHapykeHa
B cocTtaBe Oonee kpymHbIX nentugoB RNLS, oOpasyrommxcss B pe3ynbTaTe pacIIeIVICHHS XHUMOTPHUIICHHOM H
B MCHBIIICH CTETIEHN — TPUIICHHOM.

Tonuwiti mexcm cmamuvu Ha PyCcKOM A3bIKe 0OCmyneH Ha caume xcypuana (http://pbmc.ibmc.msk.ru).
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