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Momusayusa u yens: bonesnp Anpureiimepa (bA) mpenctaBiseT coboil cepbe3HyIO
mpoOiieMy B oOmIecTBe, SBISSACH OJHON W3 HamOosee pachmpOCTPaHEHHBIX (OpM
neMmennuu. CMEpPTHOCTH OT BA cTpeMuTenbHO pacTeT: o JanHbeM BO3, oHa BXOIHUT B
JIECSATKY OCHOBHBIX IPUYMH CMEPTHOCTH B MUpe. KiltoueBbIM MexaHU3MOM pa3BUTHsI BA
SIBIIIETCS] HaKOIUIeHHe P-ammongHoro nentuaa (AP) B TKaHAX TOJOBHOTO MO3Ta, 4TO
MPUBOIUT K 00pPa30BaHHUIO aMUJIOUIHBIX OJISIIEK. DTOT MPOLECC BHI3BIBACT HAPYILICHHE
HEHPOHHOW (YHKIMM W TPHBOAUT K TIOCTCIICHHOW Jerpajanuyd KOTHUTHBHBIX
crioco6HOocTei [1]. MccnenoBanus MOKa3pIBaOT, YTO YBETNICHNE CKOPOCTU BBIBEICHUS
AP MOXeT uCIoNb30BaThCs IS 3aMeUIeHus mporpeccupoBaHuss bA. OmuH w3
MEPCTIEKTUBHBIX METOJOB B JaHHOM HAaIpaBJI€HUM — BO3JIEHCTBHE Ha 4YEJIOBEYECKHUI
ceiBOpoTouHbIi anb0ymMuH (UCA), KOTOpBIN MrpaeT OMOJIOTHYECKH 3HAYMMYIO POJIb B
tpancnoptupoBke AP [2]. HCA cBazpiBaeT okosio 90 % AP B ChIBOPOTKE KpOBH, a B
nepedpocnuHanbHON kuaKocTH OT 40 10 94 %. UCA monammser arperanuio AP u
CHW)KaeT puck pa3Butus bBA u ee mporpeccuto. Ilo »stoit mpuunmne YCA
paccMaTpuBaeTCsl Kak TepameBTHUecKass MUIIeHb aisi jedeHuss BA. Opnum w3
pa3pabaThiBaeMbIX MMOJXO0A0B B JAHHOM HAIPaBJICHUU SBIISIETCS YBEIIMYEHUE CPOJICTBA
YCA k AP myTeMm H3MEHEHHUs] KOHIEHTPAIMU HU3KOMOJIEKYISIpHBIX nuranaoB YCA B
KkpoBu. Hammm nccneoBanus mokaseiBaloT BO3SMOXKHOCTE yBesnueHus cpoactsa YCA k
AP ¢ mOMOIIBIO TAKUX HU3KOMOJIEKYJISApHbIX JurannoB YCA Kak JMHOJeBast KUCIIOTA,
CepoTOHMH, MOynpodeH u npeanu3oH. Kpome Toro, HekoTopble u3 juraniaoB YCA
(pucniepuioH, MedeHaMHUHOBAsi KHUCIOTA) CTOUT paccMaTpuBaTh KakK IMOTEHIHAIbHO
omacHble. Hamm gaHHbIE MOKa3bIBAIOT, YTO OHU CIIOCOOHBI YMEHBILIATH KOHCTAHTY
cBsi3bIBaHUST MOHOMEpHOH Gopmbl AR ¢ HCA. DTO MOXKET NPUBECTH K YBEITHYCHHUIO
«cBOOONHOWY» (pakuuu AP, 4TO B CBOI OYepeab CIIOCOOCTBYeT 00pa3oBaHUIO
amuitoniHbIX GuoOpmn [3]. OTMeTuM, YTO MOJydYCHHbIE HAaMH JAaHHBIE IN Vitro
COTJIACYIOTCSl C pe3yNbTaTaMH KIMHWYECKUX M AMHIEMHOJIOTHYECKUX HCCIIEIOBAHUM.
Jnst  pganmpHeimero pa3BUTHS JAHHOTO HANpaBJIEHWS HEOOXOIUMO TPOBEIECHUE
IKCIIEPUMEHTOB B YCIIOBHSIX, 0OJIEe IOJTHO COOTBETCTBYIOIIMX yCIOBHAM in Vivo. Tak,
HanpuMep, He n3y4eHo BIusHus Moanpukanuii camoro YCA Ha ero GyHKIMOHAIBHYIO
aKTUBHOCTbH 10 OTHONIeHUIO K Af. M3BecTHO, 4TO ypOBEHb MIMKUPOBAHHOH (hpakiuu
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YCA moBbIlIIeH y NaMeHToB ¢ aquarno3oM bA [4]. Yposens rmukupoBannoro YCA B
CBIBOPOTKE TMAlMEHTOB C CaxapHBIM JHa0eTOM, acCOLMUPOBaHHBIM c BA, Moxer
nmocturatb 30 % ot obmer ¢paxmuu YCA [5]. B ganHO# paboTe mpoBeneH MOMCK
HU3KOMOIIEKYIIAPHBIX ~ JHTaHAoB  riukupoBaHHOW  (opmbr  UYCA, cmocoOGHBIX
MOJYJMPOBaTh €ro B3auMopaehcTare ¢ AP.

Memoowt u ancopummor: s opMupoOBaHUS NAHETH HU3KOMOJIEKYJISIPHBIX BELIECTB —
JUraHzoB rmkupoBaHHOU ¢pakunu YCA, noTeHUNMANbHO CIOCOOHBIX MOIYJIHPOBATh
obpazoBanne komruiekca HCA-AP, B KaueCTBE OCHOBHOI'O MCTOYHHMKA JIAHHBIX ObLIa
ucnoibp30BaHa 0asza ganHbix DrugBank (https://go.drugbank.com). Anroput™m BBIOOpa
BelIeCTB MoapoOHO omucaH B [3]. OTMeTHM, YTO B Ka4eCTBE KPUTEPHEB 0TOOpa ObLIN
WCTIONB30BaHbl (PU3NKO-XMMUYECKHUE XapaKTEepPUCTUKU BELIECTB, & TAKXKE MUX CTPOras
accounanus ¢ bA. Koneunas nanens BemecTB conepkuT 100 HaumeHoBaHui. s
OLIEHKU CIEUU(PUYHOCTH CalWTOB CBS3BIBAHMS HCCIEAYEMbIX JIUTAHAOB ObLIM
CMOJIETUPOBAaHbl TPEXMEPHBIE KOMILIEKCHI HU3KOMOJIEKYJSApHbIX Jurannos ¢ YCA.
Tpexmepnass ctpykrypa UCA Obuta momydeHa u3  Protein  Data  Bank
(https://www.rcsb.org, PDB ID: 1a06, chain A). dus moarotoBku YCA K
MOJIETTMPOBAHHIO HCIIOIB30BaIoCh MporpammHoe obecnieuenne AutoDockTools (ADT)
(http://autodock.scripps.edu/resources/adt/index html). Tpexmepnusie (3D) cTpyKTyphI
MaHeNM JMraHaoB Obutn  modydensl B Qopmare sdf ¢ cepepa PubChem
(https://www.ncbi.nIm.nih.gov/pccompound) u mnpeobpaszoBanbl B (aitnmer pdb ¢
nmomorpio PyMOL v.1.6.9.0. (https:/pymol.org/2/). Ilporpamma Auto Dock Vina
(http://vina.scripps.edu/index.html) wucmonk30Banack Ui MOJEKYJISPHOTO JIOKWHTA
BbIOpaHHBIX TuraHnoB ¢ YCA. KoMmrutekcsl OemoK-Turany ObUTH BH3YAIH3UPOBAHBI C
nomortpio PyMOL v. 1.6.9.0. (https://pymol.org/2/). XapakTepucTHKN B3aNMOAEHCTBUI
B KOMIUIEKCaX OEJOK-JIUTaHj ObUIM IOJyYeHBI C TOMOIMIBI0 CHEIHATU3UPOBAHHOTO
cepsuca PLIP (https://plip-tool.biotec.tu-dresden.de/plip-web/plip/index). s kaxmoro
komiekca aurang-YCA ObUIH B3STHI TPU MOJIENH, COOTBETCTBYIOLINE KOMIUIEKCAM C
HauMeHbIIeH SHeprueil. Yucno paccMaTpuBaeMbIX Jlaee KOMIUIEKCOB OBLTO BBIOpAaHO
ONTUMAJILHBIM, UCXO/ISl U3 aHaJM3a JIUTePaTypHBIX JaHHBIX M TOCTYIHBIX TPEXMEPHBIX
cTpyKTyp KoMmIiuiekcoB YCA-HU3KOMONEKYJISIPHBIN JIMTAHA: Y OAHOTO M TOXKE JIMTaH/Aa
YHCII0 CAlTOB CBA3BIBAHMUS BapbUPYETCs OT OJHOTO 10 Tpex [6]. s kaxkporo BemecTsa
naHenu (MO TpeM MoAeNsiM) OBIJT pacCUUTaH MPOIEHT COJEp)KaHUS aMHHOKHCIOT,
BXOZSIIIMA B CalT cBsi3bIBaHMA. Peanusauns oOpabOTKM MOMYYEHHBIX JaHHBIX ObLIa
OCYyILIECTBJIEHa Ha CBOOOJHO pPAcCHpPOCTPAHSEMOM  BBICOKOYPOBHEBOM  SI3BIKE
nporpammupoBanus Python 3.6, a Takxke si3bIKe CTATUCTHYECKOM 00pabOTKH JaHHBIX R.
Pezynomamer: N3BectHo, uTo N-KOHenm M 59 OCTaTKOB JM3WHA MOTYT BBICTYHaTh B
KauecTBE MOTEHIUATBHBIX MECT JUisi 00pa3oBaHus riaukupoBanHoi Gopmsr UCA [7, 8].
Taxxe, YCA comepxut 24 octaTka aprMHHUHA, KOTOpBIE, HApAAy C JM3MHAMU H N-
KOHIIOM, TIOTEHIIUAJIbHO MOT'YT OBITh 33/ICHCTBOBaHbI B (POPMUPOBAHNY TTTUKUPOBAHHON
¢dopmbr UCA [7]. AHanu3 Hanuuusl B calTax CBSI3bIBAaHHUs BEILECTB HAIllCH MaHeIn
HU3KOMOJIEKYJISIPHBIX JIMTAHJO0B (IO TPeM MOAEJSIM) OCTATKOB JIM3WHA M aprMHUHA
MO3BOJIMJ BBISIBUThH BEIIECTBA C HAMMEHBIIMM COJCPIKAaHMEM 3THX OCTAaTKOB B calTax
cs3biBanus ¢ YCA: tecroctepon (Drug Bank ID: DB00624, 7.4 % Lys, 3.7 % Arg),
¢banypounpoden (Drug Bank ID: DB00712, 11.1 % Lys, 7.4 % Arg), abuparepon (Drug
Bank ID: DB05812, 23.1% Lys, 0 % Arg), suananpui (Drug Bank ID: DB00584, 14.8%
Lys, 11.1% Arg), ¢ropypamma (Drug Bank ID: DB00544, 11.1% Lys, 14.8% Arg),
canmmnmtoBas kuciota (Drug Bank 1D: DB00936, 14.8% Lys, 14.8 % Arg), sctpaauon
(Drug Bank ID: DB00783, 18.5 % Lys, 11.1 % Arg), metomposion (Drug Bank ID:
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DB00264, 7.4 % Lys, 29.6 % Arg). MoxXHO TpennojOXHuTh, YTO 3TH JHMTAHIbl B
OosblIell CTETIEHH CMOTYT MOJYJIMPOBaTh B3aMMOJACHCTBHE TIMKHUPOBAHHOW (HOPMBI
UCA c AP BcnencTBre yMeHBIIIEHHS KOHKYPEHINH 3a cBs3biBaHne YCA ¢ TITI0K030i1 B
CPaBHEHMH C TEMU JIMTAHIAMH, LIEHTP CBA3BIBAHUSA KOTOPBIX 3aTPOHYT IJIMKHUPOBAHUEM.
OTmeTuM, 4TO BHIOpaHHBIC BEIECTBA MO MOIYUYEHHBIM MOJIENISIM CBSI3aHBI C Pa3HBIMU
yuactkamu YCA u, BepoATHO, MOTYT IIO-pa3HOMY BIHMATH Ha B3aUMOJEHCTBHUE
MoauduimpoBaraHon hopmel HCA ¢ AP.

Bvigoowvr: Takum o0pa3om, B maHHOH pabore ObUTM BBIOpaHbI 8 JEKapCTBEHHBIX
npenapaToB,  MOTEHUWAJbHO  CIIOCOOHBIX  MOIYJIHPOBAaThH  B3aMMOJCHCTBHE
rimkupoBanHoil popmer UCA ¢ AP. IlomydenHble faHHBIE MOTYT UCTIOIB30BATHCS IS
panMoHaIBHOrO Hepenpo(UINpPOBaHHs JIEKAPCTBEHHBIX MPENapaToB MpU pa3paboTKe
MEPCOHANN3UPOBAHHOTO MOAXO0Aa K JICUCHUIO W MPOQUIAKTHKH BA y manueHToB ¢
COITyTCTBYIOLIMM CaxapHbIM 1Ha0ETOM.

Qunancuposanue’ ViccnenoBanue nojiepxano rpantoM Poccuiickoro HaygroTO (hoHIA
(Ne 20-74-10072, https://rscf.ru/project/20-74-10072/).
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Motivation and Aim: Alzgeimer desease (AD) is one of the most prevalent dementia
forms that pose a serious society problem. According to WHO data mortality from AD
increases rapidly and now it is one of the ten leading causes of death in the world. The
key mechanism of AD development is amyloid [ peptide (Af) accumulation in brain
tissue leading to amyloid plague formation. The process causes neuronal dysfunction
and leads to gradual degradation of cognitive abilities [1]. It was demonstrated earlier
that increasing the rate of Ap clearance may be used to slowing down AD progression.
One of the perspective methods is the influence on human serum albumin (HSA) which
plays biologically important role in the AP transport [2]. HSA binds about 90 % of AP
in serum and decreases AD risk and its development. Due to this HSA is considered as
therapeutic target during AD treatment. One of the approaches being developed in this
direction is increase of HSA-Ap affinity by changing of low-molecular weight HSA
ligands concentration in plasma. Our recent studies demonstrate possibility of the
affinity increase using such low-molecular weight HSA ligands as linoleic acid,
serotonin, ibuprofen and prednisone. Moreover, some of the HSA ligands (risperidone,
mefenamic acid) should be considered as potentially dangerous. Our data show that they
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are capable of reducing the binding constant of the monomeric A to HSA. This can lead
to an increase of the “free” AP fraction, which in turn promotes the formation of amyloid
fibrils [3]. This in vitro data agree with the results of clinical and epidemiological studies.
For further development, the experiment conditions should more fully correspond to in
vivo conditions. For example, the effect of HSA modifications on its functional activity
towards AP has not been studied. It is known that the level of the glycated HSA fraction
is increased in AD patients [4]. The level of glycated HSA in the serum of patients with
diabetes mellitus associated with AD can reach 30% of the total HSA fraction [5]. In this
work, we searched for low-molecular weight ligands of the glycated HSA that can
modulate its interaction with Ap.

Methods and Algorithms: To form a panel of low-molecular weight ligands of the
glycated HSA potentially capable of modulating the HSA-AB complex formation, the
DrugBank database (https://go.drugbank.com) was used as the main data source. The
selecting algorithm is described in detail in [3]. The physicochemical characteristics of
the substances, as well as their strong association with AD, were used as selection
criteria. The final panel of substances contains 100 items. In order to evaluate the
specificity of the binding sites of the studied ligands, three-dimensional complexes of
the ligands with HSA were modeled. The three-dimensional structure of HSA was
obtained from the Protein Data Bank (https://www.rcsb.org, PDB ID: 1a06, chain A).
AutoDockTools (ADT) software
(http://autodock.scripps.edu/resources/adt/index_html) was used to prepare the HSA for
modeling. Three-dimensional (3D) structures of the ligands were obtained in sdf format
from the PubChem server (https://www.ncbi.nlm.nih.gov/pccompound) and converted
to pdb files using PyMOL v.1.6.9.0. (https://pymol.org/2/). The Auto Dock Vina
program (http://vina.scripps.edu/index.html) was used for molecular docking of the
selected ligands with HSA. Protein-ligand complexes were visualized using PyMOL v.
1.6.9.0. (https://pymol.org/2/). Characteristics of interactions in protein-ligand
complexes were obtained using the specialized PLIP service (https://plip-tool.biotec.tu-
dresden.de/plip-web/plip/index). For each ligand-HSA complex, three models with the
lowest energy were taken. The number of complexes considered below was chosen as
optimal based on an analysis of literature data and available three-dimensional structures
of HSA-low molecular weight ligand complexes: for each ligand, the number of binding
sites varies from one to three [6]. For each substance in the panel (according to three
models), the percentage of amino acid content included in the binding site was
calculated. The implementation of processing the obtained data was carried out in the
freely distributed high-level programming language Python 3.6, as well as the statistical
data processing R language.

Results: N-terminus and 59 lysine residues of HSA are known to be potential sites for
glycation [7, 8]. Moreover, HSA contains 24 arginine residues which could also be
involved in the formation of the glycated form [7]. Analysis of the presence of lysine
and arginine residues in the binding sites of the low-molecular weight ligands involved
in the panel (according to three models) allowed us to identify substances with the lowest
content of these residues in the HSA binding sites: testosterone (Drug Bank ID:
DB00624, 7.4 % Lys, 3.7 % Arg), flurbiprofen (Drug Bank ID: DB00712, 11.1 % Lys,
7,4 % Arg), abiraterone (Drug Bank ID: DB05812, 23.1 % Lys, 0 % Arg), enalapril
(Drug Bank ID: DB00584, 14.8 % Lys, 11.1 % Arg), fluorouracil (Drug Bank ID:
DB00544, 11.1 % Lys, 14.8 % Arg), salicylic acid (Drug Bank 1D: DB00936, 14.8 %
Lys, 14.8 % Arg), estradiol (Drug Bank ID: DB00783, 18.5 % Lys, 11.1 % Arg),
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metoprolol (Drug Bank ID: DB00264, 7.4 % Lys, 29.6 % Arg). It is worth to assume
that according to the obtained models the chosen ligands bind to different regions of
HSA molecule and, consequently, may have different effect on the interaction of
modified HSA and AB.

Conclusion: 8 drugs potentially capable of modulating interaction between glycated
HSA and AP were chosen in this work. The obtained data can be used for repurposing
of drugs in the development of personalized approach to the treatment and prevention
AD in patients with concomitant diabetes mellitus.

Funding: The study is supported by the Russian Science Foundation (No. 20-74-10072,
https://rscf.ru/project/20-74-10072/).
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