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Momusayus u yenv: bonesus Anpurefimepa (bA) —  paspymmuTensHOE
HelpoJereHepaTuBHOE 3a00JI€BaHNe, MPUBOASIICE K TSDKENOM AeMeHuuu. JleTanpHas
HHpOpPMALIUS O CTPYKType, IMHAMHKE W MEXKMOJEKYISIPHBIX B3aUMOICHCTBHSIX
OMOMOJIEKYJI, HETIOCPEICTBEHHO YYaCTBYIOLUIMX B Pa3BUTUU 00Je3HHM AJjbureiiMepa,
HeoOXomuMa Uil PpalMOHANBHOW pa3pabOTKM HOBBIX OHOJOTMYECKH AKTUBHBIX
COCIMHEHU W CKPUHHMHTA CYIIECTBYIOUIMX C IeNbl0 TOJNydeHHs Hauboiee
3¢ (eKTUBHBIX KaHAWIATOB B JIEKapCTBEHHBIE cpencTBa [1]. ['eHeTnueckue naHHBIE
yOeIUTEeNNbHO CBUIETENBCTBYIOT O TOM, YTO a0eppaHTHOEe 00pa3oBaHME, arperarus
W/WIM  KIUPEHC HEWPOTOKCHYECKUX MenTHIoB amwiouna-p (AP), sBistomerocs
MPOAYKTOM MOCJIEJOBAaTENFHOIO PaCUICIJICHUsT OeKa-IpeIIeCTBeHHUKA aMIJIONnaa
(APP), 3amyckaer 3a0osneBanne. Al akkyMyJIHpPyeTCs B MECTaX KOHTaKTa HEHPOHOB B
TOKCHYECKHE OJTUTOMEPHI U PUOPHILIBI, 00pa3ys TaK Ha3bIBAEMbIE CEHUIIbHBIE OJISIIIKH.
IMpu sTOoM M30odopmMel AP pazauyHON JTMHBEI OOHAPYKUBAIOTCS B MO3TY 3JI0POBBIX
Joel He3aBUCHMO OT BO3pPAcCTa U, MO-BUIMMOMY, HIPAIOT POJIb B CUTHAJIBHBIX Y TSIX B
TOJIOBHOM MO3Te M O0JIaJIaloT HEHPONPOTEKTOPHBIMU CBOHCTBAMHU TP HHU3KHX
KOHIEHTpanusax. D-sHanTnomepHsiii nentua D3 u ero npousBojHbIE HEJABHO OBLTH
otoOpaHbl KojuleramMu U3 yHuBepcutera r. roccenbropd (I'epMaHus) ¢ OMOLIBIO
(haroBoro mucries: s MPSIMOTO pa3pylIeHUs IMTOTOKCHYecKnx arperatoB AP [2]. B
HaCTOsAIIee BpeMs OXHO M3 D3-MOJOOHBIX COEAMHEHUH JOJDKHO mpoutu ¢asy |l
KIMHAYECKUX HCIIBITAHUN, OJJHAKO MOJICKYJSAPHBIE JETalld ero Mpo(WIaKTUYECKOTO
nnu $papMaKoJIOrHYecKOro JeHCTBUS HE COBCEM SICHBI.

Memoowr u anzopummsr: J{ns pemeHuss mpobIeMbl MBI UCIOIB30BAIN KOMITIEKCHBIN
MOJIX0/I, OCHOBAaHHBI Ha OMOXMMHYECKHX W OMOU3NYECKHX METOJax, TAaKUX Kak
OenkoBas ~ WMHXKEHEpHWs,  MHKpOCKONMYeckuid  Tepmodopes,  (diayopecueHTHas
KOH(OKalbHAs ~ MUKPOCKOIUS,  (IIyOpecUeHTHas  NoJspu3alus,  KaauOpoBKa
MukpoduitonsiHol  auddy3un, KpyroBod JUXPOW3M, CIIEKTPOCKOIHUS  SJIEPHOTO
MarHUTHOTO  pe30HaHca BbICOKOro paspemenust (SIMP) u  kommbloTepHOE
MOJIETTMPOBaHHE.
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Pezynomamwui: B paboTe MBI peAcTaBiIseM SKCIEPUMEHTANbHBIE —IaHHBIE,
CBUJICTENILCTBYIOIIME O TOM, 4T0 D3-mentuz, Oyaydu BHYTpEHHE HEYHOPSIOYCHHBIM
menrrunoMm (IDP), MokeT muHammdeckw W crenuudecku cBs3bBathes [DP/IDP-
MOAOOHBEIM  00pa3oM ¢ BHEKJIETOYHOH dYacThlo MeMmOpaHOCBsSi3aHHOTO — Af-
npenmecTBeHHuKa, TpancMeMOpanieiM CTFP ¢parmentom Oenka-mpeaiecTBeHHUKA
amunonaa (APPe72.726, AP1-5s B Hymepanmu f-amuiionsa). B wactHocTr, rereposiaepHas
SAMP-cniekTpockonusi mMokazana, d9ro D3-mentua  HampsIMylO —CBSI3BIBAETCS  C
ampuunbHOl nmpuMeMOpanHbIM JM-yyacTkoM APi7.26, KOTOPBHIH B 3aBHCUMOCTH OT
BHEIIHUX YCJIOBHH CIOCOOEH TMpeTepreBaTh KOH(MOPMAIMOHHBIA TMEpexo] U3 O-
CrUpaIbHON B B-KOH(OPMAITUIO U YIaCTBYET B CBEPTHIBAHUH [J-aMuiona B GUOPHILIBL.
Taxke OBUIO TPOTECTHPOBAHO BIMAHUE psla MATOTEHHBIX MyTamuii BA,
JIOKAJM30BaHHBIX B PAa3MUYHBIX CTPYKTYPHBIX M (QYyHKIHOHANBHBIX dacTsix APP, na
cBs3piBaHue D3-nenruaa.

Buigoowi: llomydueHHbIE HaHHBIE CBUAETENBCTBYIOT O TOM, YTO D-3>HaHTHOMEpHBIH
nentua D3 pacmosHaeT aMHJIOMIOTEHHBIH ydacTok mMemOpanHoro Oenka APP u ero
¢parmeHToB — A} ENTHIOB, OrpaHUYMBas X KOH()OpPMAIMOHHOE Pa3HOOOpasue, He
Hapywas O-COMPAJbHOCTH UM MpeNoTBpaiias o0pa3oBaHUE MEKMOJECKYISIPHBIX
BOJOPOIHBIX CBA3EH. DTO CO37aeT MPEANOCHUIKU JUIsi MHTUOMPOBAHUS PAHHUX CTaJIUH
npeBpamennss AP mentunoB B B-KOHPOPMALMIO W MOCIEAYIOUIeH TOKCHYECKOH
OJIMTOMEPH3aLllH, CBA3aHHON C PaHHUMH CTaAusIMH pa3sBUTHS Oosie3HH AJbLreiiMepa
[3]. HocTturayTHIil IpOTpecc B MOHUMAaHUN MOJIEKYIISIPHOTO MexaHu3Ma aeictBus D3-
MENTUAA SBISETCS BAKHBIM IIAroM Ha MyTH K pa3padoTke d(PQGEKTHUBHOMN cTpaTeruu
niedeHus ¥ nporakTuky Oone3nn Anprreiimepa.

Qunancuposanue. ViccienoBaHue BBIIOIHEHO 3a CUET I'paHTa Poccuiickoro Hay4yHOTo
donma Ne 23-74-00024, https://rscf.ru/project/23-74-00024/.
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Motivation and Aim: Alzheimer's disease (AD) is a devastating neurodegenerative
disease that leads to severe dementia. Detailed information on the structure, dynamics
and intermolecular interactions of biomolecules directly involved in the development of
Alzheimer's disease is necessary for the rational development of new biologically active
compounds and screening of existing ones in order to obtain the most effective drug
candidates [1]. Genetic evidence strongly suggests that aberrant production, aggregation,
and/or clearance of neurotoxic amyloid-f3 (AB) peptides, being the products of sequential
cleavage of transmembrane amyloid precursor protein (APP), triggers disease. A

632 BGRS/SB-2024


https://rscf.ru/project/23-74-00024/

accumulates at the toxic oligomers and fibrils, forming so-called senile plaqgues.
However, AP isoforms of varying lengths are found in the brain of healthy people
regardless of age and appear to play a role in signaling pathways in the brain and have
neuroprotective properties at low concentrations. All-D-enantiomeric peptide D3 and its
derivatives were recently selected by the colleagues from the University of Dusseldorf
(Germany) using phage display for direct destruction of cytotoxic AP aggregates [2].
Currently, one of the D3-like compounds is about to enter phase Il clinical trials, but the
molecular details of its prophylactic or pharmacological effects are not entirely clear.
Methods and Algorithms: To solve the problem, we used complex approach based on
biochemical and biophysical methods such as protein engineering, microscopic
thermophoresis, fluorescence confocal microscopy, fluorescence polarization,
microfluidic diffusion calibration, circular dichroism, high resolution nuclear magnetic
resonance spectroscopy (NMR) and computer simulation.

Results: We present experimental evidence showing that D3-peptide, being an
intrinsically disordered peptide (IDP), can dynamically and specifically bind in
IDP/IDP-like manner to the extracellular juxtamembrane (JM) region of membrane-
bound AP precursor, CTFB transmembrane fragment of amyloid precursor protein
(APPg72-726, AP1-s5 in amyloid-p numeration). Namely, heteronuclear NMR spectroscopy
showed that D3-peptide directly binds to the amphiphilic near-membrane JM region of
APi7-26, Which, depending on external conditions, is capable of undergoing a
conformational transition from the a-helical conformation to the B-chain, which is
involved in folding of B-amyloid into fibrils. The influence of a number of pathogenic
AD mutations located in different structural and functional parts of APP on the peptide
binding was also tested.

Conclusion: The data suggest that D-enantiomeric peptide D3 recognizes the
amyloidogenic region of APP and its fragments — AP peptides, restricting
conformational diversity not compromising its a-helicity and preventing intermolecular
hydrogen bond formation, which would create prerequisites for inhibition of early steps
of AP conversion into f-conformation and its toxic oligomerization associated with early
stages of AD development [3]. The achieved progress in understanding the molecular
mechanism of D3-peptide action is an important step towards development of an
effective AD treatment and prevention strategy.

Funding: The study was supported by the Russian Science Foundation grant No. 23-74-
00024, https://rscf.ru/project/23-74-00024/.
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