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CIIMCOK COKPAIIEHUI

6xHis — meTka, cocTosImas U3 mecTh OCTATKOB THCTHINHA;

AA-aMHUITON103 — PEAKTUBHBINA aMUJIOU]I03;

AMII — aHTUMUKPOOHBIC MTETTHIBL;

BAC — 60K0BO¥ aMHOTPOPUIECKUI CKIIEPO3;

nomeH PTB — ¢ochoTupo3nH-cBsA3bIBAIONTNN JOMEH;

11.0. — Iapa OCHOBAHMIA;

[MHC — nenTpanbHas HEpBHASI CUCTEMA,

BF — Bright-field (mpoxosuuii cBer);

BiFC —  Bimolecular = Fluorescence = Complementation  (OuMomnekymsipHas
dayopeciieHTHasi KOMIUJIEMEHTAIH );

BME — B-Mercaptoethanol (B-mepkanTostanon);

C-DAG — curli-dependent amyloid generator;

CRES — Cystatin-related epididymal spermatogenic;

CsgAss — curHanbHbli nentuj oenka CsgA;

CST3 — mmcratul C;

eNOS/NOS-IIT — endothelial NOS (sngorenuansnas NOS, sHpoTenuanbHas CUHTa3a
OKCHJIa a30Ta);

FL — Full-length (momunopa3mepHsiii);

FRET — Forster resonance energy transfer (OEpcTepoBCKHii mepeHOC YHEPTUN);

INOS/NOS-II — inducible NOS (unaymupyemass NOS, unayuupyemas CHHTa3a OKCHjia

a30Ta);

IPTG — isopropyl B-D-1-thiogalactopyranoside (uzomponui-f-D-1-
TUOTAJIAKTONIMPAHO3U/);

MTT — Ttwazomun cuHMid TeTpazonuit Opomwun/3-(4,5-TUMeTHITAA30-2-1)-2,5-

mupenun-2H-rerpazonuii Opomu;
NAC — Non-amyloidal Component (He-f-aMUITOUIHBINA KOMITIOHEHT OJISIIEK);

NMDA — N-methyl-D-aspartate (N-metun-D-acnaprar);



nNOS/NOS-I — neuronal NOS (ueiiponansnas NOS, HeilpoHallbHas CMHTa3a OKCHJIA
azoTa);

NO — Nitric oxide (okcua a3ora);

NOS — Nitric oxide synthase (NO-cuHTa3a, cHHTa3a OKCHA a30Ta);

POL — Polarized light (monspu3zoBaHHblii CBET);

PrP® — PrP normal cellular isoform (kerousas nsopopma PrP);

PrP> — PrP scrapie isoform (npronHas n3ogopma PrP);

RHIM — Rip homotypic interaction motif;

SDD-AGE —  semi-denaturing  detergent  agarose gel  electrophoresis
(moJtyaeHaTypUpYyIOIIUi 31eKTpodOpe3 B arapo3HOM rede);

SDS-PAGE — polyacrylamid gel electrophoresis with SDS (menarypupytromuii
anekTpodope3 B mojMakpuiaMuaHoM rese ¢ SDS);

SEMG1 — cemeHorenus 1;

ThT — Thioflavin T (tuodnasun T);

TTR — TpaHCcTUpETHUH;

v/v — volume per volume (06beM k 00BEMY);

V1 u V2 — dparments! puryopecuieHTHOrO Oenka Venus;

w/v — weight/volume (Bec k 00BEMY);

WT — wild type (nuxuit Tun);

aSyn — a-Synuclein (o-cuHyKJIeHH);

B2M — B2-Microglobulin (B2-MukporinoOyauH)



BBEJAEHUE

AKTYaJIbHOCTh TeMbl. AMWIOUIB — 3TO OCJIKOBBIC arperatbl ¢ Kpocc-f-
CTPYKTYpOH, KOTOpbIE MOTYT OO0JajaTh pPAIOM HEOOBIYHBIX CBOMCTB, TaKUX Kak
YCTOMYMBOCTh K 00pabOTKe ACTEpPreHTamMH, IpoTea3aMH, a TakXKe B3aUMOJICHCTBHE C
aMUJIOUI-CTICITU(PUUECKUMHI  KpacuTesiMu  (cM. 0030pel  [1—4]). MHoro4HCIIeHHBIE
HCCIIeIOBAaHUSI aMUJIOMIOB CETOIHSI OCOOCHHO aKTyaJbHbI B CBS3U C YBEITMYHMBAIOIICHCS
4acTOTOM 3a00JieBaHUM, KOTOPhIE OHU BBI3BIBAIOT, HANpuMep, 00Je3HU AJbLTrenmepa,
[TapkuHcoHa, XaHTUHITOHA, AMA0ET BTOPOro tuna U T.1. OTKpbITHE aMUJIOUJOTEHHBIX
O€JIKOB, CIIOCOOHBIX KOArperupoBaTh APYT € JAPYrOM, IMPOJEMOHCTPUPOBAIO HAIUYKE
HOBOT'O BHJa MEXKMOJICKYJISIPHBIX B3auMOJICUCTBUN. VIMeroluecs TaHHbIE MO3BOJISIIOT
YTBEPXKIaTh, YTO TaKUE B3aHUMOCBS3M WIrpalOT pPOJb B IMATOIEHE3€ aAMUJIOUIHBIX
3a0oneBaHuil yesnoBeka. Celiyac M3BECTHHI MHOTOYHCIICHHBIE MPUMEPHI KOoarperauu
OCJIKOB, CBSI3aHHBIX C PA3JIUYHBIMU aAMWJIOWUJI03aMHU, B YAaCTHOCTU: aMWIOUJa-f u
o-cuHykJenHa [5], amunouna-f u amunuHa [6], GenkoB Csg u o-cuHyKiIewHa [7],
amunonaa-f3 u PrP [8,9]. [l BbIsIBJICHUS HOBBIX HPUMEPOB Koarperauu OeJIKOB € ykKe
M3BECTHBIMU MATOJIOTMYECKUMHU aMUJIOUaMU YeJloBeKa HaMu ObUT MPOBEICH aHaIU3 C
nomornipto  anroputMa  ArchCandy [10], 4YTo TI03BOJMIO BBIIBHTH  TaKHX
MOTEHIIUAJIBHBIX OCIKOB-«IIAPTHEPOBY» Ol-CUHYKJIEMHA, CKJIOHHBIX K arperauu.

CornacHo OuomH(pOpPMATHUECKOMY aHAIHM3y, OCYIIECTBICHHOMY B HaIlIeH
naboparopuy, HaMd ObLIO mpennojoxkeHo, dYro Oemok NOSIAP  saBusgercs
MOTEHIIUAIBHO aMWIOUJIOTEHHBIM W MOXET (PU3MYEeCKH B3aWMOJICUCTBOBATH C
0-CUHYKJIEMHOM. HWHTepec K HeMy CBsi3aH C TEM, 4YTO COIVIACHO MPOTEOMHBIM
UCCIICIOBAHUSIM OH MOXET (PU3MYECKH B3aUMOJEHCTBOBaTh C O-CHHYKJICMHOM

(Pucynok 1).
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Pucynok 1. ®parMeHT ceTH NMOTEHUHMAJIbHO AMHJIOHIOTCHHBIX 0€JIKOB 4YeJ0BeKa,
(pu3nyecKku B3aUMOJEHCTBYIOIINX € O-CMHYKJenHOM. [IpencraBiena cetb OENKOB,
CIOCOOHBIX (PU3NYECKH B3aUMOICHCTBOBATH C Ol-CHHYKJIIEMHOM (a.Syn) MO JaHHBIM 0a3bl
BioGRID. LIBeT oTpakaeT OLIEHKY IpeanoiaraeMoi aMuIOuI0T€HHOCTH, IJ1€ KPACHBIN
COOTBETCTBYET MAaKCUMaJIbHOMY YPOBHIO. AHAaJU3 MPOBEACH MPU MOMOLIU MPOTPaMMBbI
ArchCandy.

NOSTAP npeanosnoxkuTenbHO y4acTBYeT B Pa3BUTHH IM30(PPEHUN U HEKOTOPHIX
JIPYyTUX TCUXUYECKUX pacctporctB [l11]. VYuurteiBag wumerommecss OaHHBIE O
COCYIIIECTBOBAHUM TApPKUHCOHM3MA U mu3oppeHun [12], MOXHO JOMYyCTUTH
BO3MOXKHOCTh Koarperaruu 0enkoB NOS1AP u o-cuHykJienHa, a TaKkKe KIMHUYECKYIO
3HAYMMOCTh ATOTO B3aUMO/ICHCTBUSI.

Crenens paszpaGoranHocTu TeMmbl. [lpu wuccieqoBaHMM — Koarperauuu
aMUJIOUJIOB TJIaBHBIM O0pa3oM M3y4yaroT YK€ u3BecTHble Oenku (cMm. 0630p [13]). B
clyyae aMUJIOMAHBIX OEJKOB YEJIOBEKa 3a4acTyr0 OOpallaroT BHUMAaHHE Ha TeM
PUMEPHI, KOTOPHIE MOTYT OBITh CBSI3aHBI C MATOJOTHYECKUMHU MPOIECCAMHU, BEAYIIIUIMHU
K pa3Iu4YHbIMU 3a00J7€BaHUSIM. AMUIOUAM3ALUS O-CUHYKJIEHHA MOXET 3aIlyCKaThCs
cama 1o ce0e WM B MPUCYTCTBUU JAPYTUX BHYTPEHHE-HEYMOPsAO0UEHHBIX OenkoB [14].
Kondopmarmonnasi miacTUYHOCTh O-CHHYKJICMHA TTO3BOJISIET €My B3aUMOJICHCTBOBATH
C pa3IMYHBIMU OeNKaMU-«apTHEPaAaMU», TAaKUMHU KaK OCTPOBKOBBIM aMUJIOWIHBIM
noymnentusi (IAPP) [15], mpuonnstit 6enok (PrP) [16], menrtun AP [5,17] u tau [18,19].
B nutepatype ommcaHo 00JbIIIOE KOJIMYECTBO TE€HOB, KOTOPHIE MOTYT OBITH CBSI3aHBI C
pazButuem mmzodppenun [20,21]. Oguum u3 Hux ctan red NOSIAP, xomupyronmi

amanTepHbIil 6enok cuHTasbl okcuaa azora 1 (NOS1AP) [22-24]. TIpu 3TOoM, OHAKO,
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CBOMCTBa 3TOr0 O€lika arperupoBaTh HE HUCCieA0BaHbl. CTOUT OTMETHTh, YTO OBLIO
nokazaHo BausHuE NOSIAP Ha arperanuio tau u pa3BUTHE HEHpOAEHErepauuu y
MBIIIEH, YTO MO3BOJSET NpeAnosioxkuTh poilb NOSIAP B mporemnonatusax [25].
C npyroii CTOpOHBI, €CTh €IUHUYHOE yrnoMHuHaHuE Toro, 4to 0emoxk NOSI1AP moxer
bu3MYecKu B3aMMOJIEUCTBOBATh C O-CHUHYKJIEMHOM [26]. Ilpu 3TOM mNpHUIENbHBIX
MIPOBEPOK ATOTO B3aMMOJICUCTBHS HE MPOBOIUIIOCH.

Hear paGoTbl: uM3yunTh BO3MOXKHOCTH arperauun Oenka NOSIAP wu ero
(bparMeHToB, a TakKe €ro CrocCOOHOCTh B3aMMOJIEHCTBOBATH C O-CUHYKJIEUHOM iK1 VIVO U
in vitro.

Jnst nocTrkeHus 1enu Obud c(hopMyITMpOBaHbl CAEAYIOMINE 3a1a4u:

1. Ouenutsh cnocoOHocTh Oenka NOSIAP u ero dparmentoB ¢GopMHUpOBaThH
arperatbl B pa3JIMYHbIX MOJICJIbHBIX CUCTEMAX.

2. UccnenoBats B3aumojeiictBue Oenka NOSIAP u ero ¢parmMeHTOB C
0-CUHYKJICMHOM B KJIETKax Jpoxoked Saccharomyces cerevisiae W KyJIbType
KJ1eTok uenoBeka HEK293T.

3. Ouenutsb BiusiHue 6enka NOSTAP Ha arperaiuio o-CUHYKJICHHA in Vitro.
Hayuynasi HoBu3Ha pa6oThl. B paGoTe BHepBble MOKa3aHa CIOCOOHOCTH Oenka

NOSI1AP 06pa3oBbiBaTh yCTOWYUBBIE K JETEPreHTaM arperathbl IPpU CBEPXIPOAYKIINH B
KJIeTKaxX Apoxoker u yenoseka. B mocnenoBarensHocTn 0enka NOS1AP kapTupoBaHbl
Y4aCTKH, CKJIOHHBbIE K arperanuu. [IpogeMOHCTpUpOBaH IUTOTOKCHUUECKUU A(DPeKT
ceepxnpoaykiun NOS1AP B kimerkax HEK293T. Bnepsoie mokazano Qusnyeckoe
B3auMojielicTBue 0enkoB NOSIAP u o-cuHykiienHa B KJI€TKaxX APOXKEH M YeJOoBeKa.
BrisiBneno, uro ¢parment NOS1AP(292-390) yckopsieT arperanuio 0O-CHHYKJIEUHA
In vitro.

Teopernueckassi M TNpaKTHYeCKass 3HAYMMOCTb PadoThl. Pe3ynbTarhl,
MOJYYEHHbIE B XOJI€ JAUCCEPTAIMOHHOTO WCCIEA0BaHUs, TO3BOJISIOT MPEAJIOKUTH
HOBBIC JI€TaM MOJIEKYJSIPHBIX MEXaHM3MOB pAa3BUTHUA TakuX 3a00JeBaHUM, Kak
mu3odpenuss u 6ose3npb [lapkuacona. Ha ocHOBe MOJy4eHHBIX JaHHBIX BBIJIBUTACTCS
MPEANOJI0KEeHNEe O TOM, 4To mpu cBepxmpoaykiuu 6enka NOS1AP mpoucxomut ero

arperauuda, 4rto, C OI[HOﬁ CTOPOHBI MPHUBOAUT K CCKBCCTPHUPOBAHHWIO W HMHAKTHBAIIUU
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CUHTa3bl OKCUJA a30Thl, & C IPYyroil — K Koarperaiuuu ¢ 0-CHHYKJIEMHOM U YCKOPEHHIO
ero pudpuIIU3auu.

MetomoJsiorust 1 MeToAbl HMcciaeaoBaHus. B xoje BbINOMHEHUS paOOThl ObLI
UCIIOJIb30BAaH  LIEJbI  Psii  COBPEMEHHBIX METOJOB  HCCIEAOBAHUS, BKJIKOYAs
MOJIEKYJIIPHO-OUOIOTHYECKUE METO/Ibl pabdOThl C HYKJIECMHOBBIMU KHUCJIOTaMHU U
Oenkamu, OMOXMMHUYECKHME METOJbl aHajau3a, (PIyopecueHTHas, MOJIIpU3aIllMOHHAS U
DJIGKTPOHHASI MHUKPOCKOIUSA. OKCHEPUMEHThI ObUIM TPOBEACHBI Ha Pa3IUYHBIX
MOJICJIbHBIX CUCTEMAaX, TAKUX KaK OaKTepuH, JPOXKKHU U KYJIbTYphl KJIETOK yejoBeka. B
paMKax JUCCEPTALIMOHHOTO MCCIENOBAHUS TNPUMEHEHBl METOJAbl aHajdu3a OeJoK-
OEJIKOBBIX  B3aMMOJECHCTBUW, Takhe Kak OWMOJEKysipHas  (IyopecleHTHas
KOMIUIEMEHTAlUsl M KOJOKaJu3aluus OeNKOB C (DIyopecleHTHBIMM MeETKaMu. bpuiu
UCITI0JIb30BaHbl OMOMH(OpMaTHUYECKHE ArOPUTMBI. Takxke OblT 0TpabOTaH U MPUMEHEH
METOJl MOHUTOPUHIa KHHETUKH arperauy o.-CUHYKJIEHHA.

OcHOBHBIC MOJ0KeHM BbIHOCMMBbIE Ha 3amury. [lokazaHo, 4TO
ceepxnpoaykius Oenka NOS1AP, a takxe ero ¢pparMeHTOB, CIOCOOHA MPUBOAUTH K
o0pa30oBaHMIO CTAOWJIBHBIX arperaToB, YCTOMYMBBIX K JEMCTBHIO JI€TEPreHTOB, B
KJIIETKaX JpOXkKen S. cerevisiae n xynerype kietok uyenoBeka HEK293T. benok
NOSI1AP, a Takxke ero pparMeHTbl, PU3HUESCKHA B3aUMOJICUCTBYIOT M KOArperupyroT C
O-CHHYKJIEMHOM B KJETKax JApoxoked u uenoBeka. JloOaBieHue (Qparmenra
NOS1AP(292-390) yckopsieT arperaiuo o-CUHyKJIEUHA B YCIIOBUSIX in Vitro.

CreneHb 10CTOBEPHOCTH M anpodanusi pe3yabTaroB. OCHOBHBIE PE3YyJIbTATHI
JUCCEPTALIMOHHONM  pa0oThl  ObUIM  JIOJNIOKEHBI Ha  YEThIpEX MEXIYHapOIHBIX
KOH(epeHUusX.

Marepuabl AuCCepTaluy MPEACTABICHBI B TyOIUKAIHIX

1. Matiiv, A. B., Moskalenko, S. E., Sergeeva, O. S., Zhouravleva, G. A., &

Bondarev, S. A. NOS1AP Interacts with a-Synuclein and Aggregates in Yeast
and Mammalian Cells // International Journal of Molecular Sciences. 2022.
Vol. 23, no. 16. P. 9102.

2. MatuuB, A.b., Tpyournuna, H.II., Martseenko, A.I'., bap6utor, lO.A.,

KypasneBa, I'.A., bonmapes, C.A. AmuiouaHble U aMHJIOUIONOJA00HBIE
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arperartbl: MHOTooOpa3sue u kpusuc tepmuna // buoxumus. 2020. T. 85, Ne. 9,
C. 1213-1239.

3. MarumB, A.b., Tpyburuna, H.I1., Marseenko, A.I'., bapoutor, FO.A.,
XKypasnena, ['.A., bounapes, C.A. CTpykTypa U mOoIUMOpPGU3M aMUIOUIHBIX
U aMuiIonIonoao0HbIX arperatoB // buoxumus. 2022. T. 87, Ne. 5, C. 587—

602.

O0bem u cTpykTypa padorsl. /luccepranmonHas paboTa COCTOUT U3 BBEACHUS,
0030pa JIUTepaTypbl, ONMCAHUS MAaTEpPUAJIOB U METO/OB, PE3YyJbTATOB HCCIEIOBAHMUA,
oO0CyXXJIeHHsI, BBIBOJIOB M CIIMCKa JHUTEparypbl, coaepskamiero 373 cceuiky. Pabora

u3nokeHa Ha 159 crpanunax, cogepKut 36 pUCYHKOB U 8 TaOJIHII.
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1. OB30P JIMTEPATYPbI
1.1 UcTopusi OTKPBITUA AMIWIOH/I0B

TepMmuH «aMuou1» ObUT BBEIEH B HAYYHYIO JUTEPATYPY HEMELUKUM OOTaHUKOM
Marttunacom Illnelinenom. OH UCHOJB30BAJ Kpaxmasl JJI1 U3YYEHHUS XUMHUYECKOIO
aHATOMHUYECKOTO COCTaBa PACTUTENBHON KIIETKU. M3HAYaabHO 3TOT TECT, OCHOBAHHBIN
Ha pEaKUMH OKPAaIllMBAaHWS B CHHUM IBET Kpaxmaja B IIPUCYTCTBHM MOJA U CEPHOU
kucioThl, Obu1 omnmucan JKau-XKak KommHom u Anpu-®pancya ['othe ne Knayopu B
1814 r. lllnetineH UCIOIL30Ball TEPMUH «aMIUIOUI» (OT JIATHHCKOTO CJIOBa «amylumy,
Kpaxmai), aHaIu3upys 00pa3ibl paCTEHUH C MOMOUIBIO 3TOro MeTo1a (cM. 0030p [27]).

TepMuH «amMuIon» B MEAULIMHCKOM JINTEPATYPE BIIEPBbIC TPUMEHUIT HEMELKUN
narosjoroaHaroM Pynonsd BupxoB. OH ucnonszoBasi 31oT TepmMuH B 1854 r. Ilpu
OMMCAaHWU MATOJIOTMYECKUX OTJIOKEHUI B HEPBHOM CHCTEME, KOTOpbBIEC IOKa3alu
MOJIOKUTENIbHBIA PE3yJbTaT B LIBETHOM pEaKIMU C HOJAOM U CEpPHOW KHUCIOTON. IDTO
MO3BOJIWJIO BUPXOBY MPENNOI0XKUTh, UTO 3TU CTPYKTYPhl UJICHTHUHBI KpaxMainy (CM.
0030p [27]). [lo3aHee, MpUMEHSIS TECT C UCTOJIb30BAaHUEM HOJIa M CEPHOM KHUCIIOTHI, OH
MOKa3ajg aMUJIOUHBIE OTJIOKEHHS B JAPYrux TKaHsaX (cM. 0030p [28]). B nmanbpHeliniem
U3YYeHUE aMHJIOUAOB MPOJOJIKAIUCH C TPUMEHEHUEM TMCTOJIOTMYECKUX KpacuTeNei:
Konro kpacnoro u Tnogiasuna (cMm. 0630p [29]).

[Ipu nomomm Audpakuud pEeHTTeHOBCKHX Jiyued B 1930-x rr. Hayaiuch
CTPYKTYpHBIC HCCIICIOBAaHUS aMUJIOWJIOB. YuiabiMoM Tomacom Actbepu u CuibBuei
Jukuncon B 1935 r. beuna onucana xapakTepHasi peHTTEHOIpaMMa, Ha3BaHHAs I03KE
«kpocc-B». Anan Kosn u DOBan Kankunc B 1959 r. Ilpu nomomu 31eKTpOHHON
MUKPOCKOITUY OTMETHJIN aMUJIOU]IHBIE OTIIOKEHUS ¢ PUOPUIUIAPHON CTPYKTYpOut ~7,5—
14 am B mmpuny u ~100—-1600 HM B IJIMHY B TKaHSX KpOJMKa U YeloBeKa (CcM. 0030p
[29]). B nmanpHeiimem ObUTO TIPOJEMOHCTPUPOBAHO, YTO B COCTABE arperaTtoB P-TsDKH
OPUEHTHUPOBAHBI TEPHNEHANKYJISIPHO ocu (GuOpuT U 00pa3yroT MEKMOJCKYJISIPHbBIE
B-con. B ofHOM B-ciioe mpocBeT Mexay B-Tskamu cocrapiser 4,7-4,8 A. B cocrase
npoToUOPWILIIBI HAXOAUTCS MHHHUMYM J1Ba [-CJIOSl, @ pacCTOSIHHE MEXIy HUMHU

cocrapisier mopsaka 10 A. B wuccnemosanmsx no auppakuuy >IEKTPOHOB MM
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PEHTTEHOBCKUX JIyuel Takasi peryJsipHasi CTpyKTypa o0pa3yeT XapakTepHYI0 KapTHUHY C
JBYMSI MEPUIUOHAIBHBIMU U JIBYMS SKBaTOpUAIbHBIMK OTpakeHUsIMU (PucyHok 2) (cMm.

0630psI [30,31]).

~10 R

AndpakunoHHas
KapTWHa

Kpocc-B-cTpyKkTypa

Pucynok 2. Kpocc-B-ctpykrypa ammioungoB. PaccrosiHus mexny p-Tsokamua H
B-mucTaMu B aMWJIOMJHBIX arperarax ¢ KpocC-B-CTpYKTypoil W COOTBETCTBYIOIIAs
cxema IU(PPaKIMOHHONW KapTuHbl. [[BeTamu 0003HAYEHBI pa3HbIE MOJIEKYJIbI Oelika,
yepenytomecss B cocraBe ¢uoOpwuibl. PDB ID cTpyKTyphl, UCIOJIB30BAaHHON MpHU
noaroroBke pucynka: 2BEG [30].

B nanbHeilliem ObLIM OTMEYEHBI APYTHE OCOOEHHBIE CBOMCTBA aMUJIOUIHBIX
arperatoB. K mnpumepy, HEKOTOpbIE aMHJIOWJbl MEHBIIE MOABEPKEHBI JACHCTBUIO
poTeas, YeM TOT ke OeJIoK B HaTUBHOM opme. K ToMy ke, OHM OYeHb CTaOMIIbHBI U HE
pacTBOPUMBI B MPUCYTCTBUM JieTepreHToB [32]. [Ipu n3yueHur aMuIONIHBIX arperaton
JIpOXOKeH Obul  pa3paboTaH  pSAJ  METOJNOB, HCIOJB3YIOIIUX  pa3sHOOOpas3HbIC
Moaudukanuu snekTpodopesza. Celiyac OHM € yCIEXOM MNPUMEHSIOTCS [IJIs aHajau3a
YCTOMYMBOCTA K JETEpreHTam WM [poTea3aM Yy arperatoB  pasjiMyHOIo
npoucxoxaeHus [33].

Bonpimoe KoIWYECTBO aMUIIOUIOB CHOCOOHO HMHAYIIMPOBATH —arperaruio
PacTBOPUMBIX MOJIEKYJI TOTO K€ Oelika, U3 KOTOPOTO OHU COCTOSIT. B muHamuke 3TOT
MIPOIIECC Yallle BCEro UCCIEAYIOT in Vitro, UCTOIb3Yysl OUUILICHHBIM OEJIOK U aMUJIOU-

cnernupuyueckne kpacutenu [34]. Dta xapakTepHas dyepTa SBISETCS HEOThEMIIEMOU s
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WH(PEKINOHHBIX aMWJIOUAOB, UM MPHOHOB, MPUMEPOM KOTOpbIX sBisercs PrP [35].
WnenTuduxaio HOBBIX aMIJIOHAOB i1 ViVO BO3MOXHO OCYIIECTBIISITh MPU MOMOIIH
merona C-DAG (curli-dependent amyloid generator), B KOTOpOM arperaruro

UCCIIEyEMOro OelIka OLIEHMBAIOT II0 IOSIBJICHUIO HA IOBEPXHOCTH KJIETOK OakTepuil

bubpumn [36].
1.2 MHoroo0pa3ue aMuJI0U/10B
1.2.1 AMmjIouabl, CBSI3aHHbIE ¢ PA3BUTHEM NATOJIOT Wil

B KIuHWYECKOH MTPaKTUKE MO TEPMUHOM «aMUJIOHU» 3a4acTylO IMOAPA3yMEBAOT
TOMOI€HHOE€  BHEKIIETOYHOE OTJOXKEHHE, KOTOopoe crnenupuyeckum oOpazoM
okpairBaeTcsi KOHro KpacHbIM W JE€MOHCTPHUPYET SI0JIOYHO-3€JIEHOE CBEUEHHUE IPHU
JIBOMHOM JIy4YEIPEIOMIIEHUU B IOJISIPU30BAHHOM CBETE, a TAKKE MMEET XapaKTEPHYIO
TOHKO-QUOPWIISIPHYIO YABTpacTpykTypy [37]. B TO ke BpeMs MHOruMe aBTOpbI HE
JENAlT PAa3MYAid  MEXKJYy BHEKJIETOYHBIMU M BHYTPUKIETOYHBIMH arperataMu,
JEMOHCTPHUPYIOLIMMU aMHWJIOMJHbIE CBOWCTBA. [IpM 3TOM jaxke Tesblia BKIFOUYEHUS,
KOTOpbIE OKpammBaroTca KOHro KpacHbIM, 4YacTO TOXXE Ha3bIBAIOT aMWJIOUIAMHU.
Takumu npuMepamMu MOTYT ObITh BHYTPUSAEPHBIE arperaTsl pu 00Je3HN XaHTUHITOHA
u Tenbla Jlesu npu 6onesznu [lapkuncona [38].

B Hacrosimee Bpemsi oOHapykeHO okojio 50 pa3iauuHbIX O€JIKOB W TENTHUIOB,
GopMUpYIOLIUX aMWJIOMABI W aMUJIOUJONOAOOHBIE arperaTrbl, MNPHUBOJAIINE K
3a00JIeBaHUSIM 4YEJIOBEKa, CpeIr KOTOPBIX OoJie3HU AJblreiiMepa, XaHTHUHITOHA U
[TapkuHCOHa, nUabeT BTOPOro THUIMA U PsJl CUCTEMHBIX U JIOKAJIbHBIX aMUJIOUI030B
[37,39]. MHorue U3 3TUX 3a00JICBAHUN SBJISIIOTCS CMEPTEIBHBIMU U HEU3JICUUMBIMH, a
PHUCK UX pa3BUTHS BO3pacTaeT ¢ Bozpactom [40].

Pa3BuTHe maronoruii npu ammiIon0reHe3e Oeika CBSI3aHO C TE€M, YTO arperarsl
HAKAIJIMBAIOTCS B BUJE BHEKJIETOUHBIX OJISIIIEK Y BHYTPUKJIETOUHBIX BKIHOYeHUH [31].
Hanuuue O607bIIOrO KOJIMYECTBA aMWJIOMIAHOIO MaTepHala CHOCOOHO pa3pyLIUTh

CTPYKTYPY TKaHU ¥ MEXaHWUYECKH BIHATH Ha (YHKIIMU MTOPaKEHHBIX opraHoB [41]. B To
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K€ BpeMsl CYIIECTBYET TMPEIANOJIOKEHHE, YTO OJUTOMEPhl W HEPUOPUIUISIPHBIC
aAMUJIOUTHBIC OTJIOKEHUS TAaK)KE€ MOTYT OBITh TOKCHYHBI [42].

AMUITONI03bI TIPEJICTABIISIOT COOOM TeTEPOreHHYI0 TPYITy 3a00JeBaHU, TPU
KOTOPBIX MPOUCXOJIUT AHOMAJIbHOE OTJOXEHHUE HEPACTBOPUMBIX OCJIKOB €
HEMpaBUWJIBHOM YKIAJIKOH BO BHEKJIETOYHOM MPOCTPAHCTBE, 4YTO MPUBOAUT K
muchyHkuuu opraHoB [43]. MOXXHO BBIIETUTh pa3iMyusi B MATOTEHE3E MEXKIY
JIOKQJIM30BAaHHBIMU U CUCTEMHBIMU aMIJIOUI03aMU: B IIEPBOM CIIy4ae aMHUJIOUJOTCHHBIH
O€JIOK CUHTE3UPYETCsl OJIM3KO K MECTY OTJIOKEHHS, BO BTOPOM — OEJIOK CHUHTE3UPYETCS
B OJTHOM MJIM HECKOJIBKMX OpraHax, a 3aTeM TPaHCIOPTUPYETCS MIa3MON KPOBHU K MECTY
oOpazoBaHus amMuwiouaHbIX GUOpuLT [42]. OTHETbHO MOXHO BBIACIUTH OOIIMPHYIO
Ipyniny HeWpoJereHepaTUBHBIX 3a00JEBaHU, KOTOpPbIE CBA3aHBI C OOpa3OBaHUEM

aMUJIOUIHBIX Y aMUJIOUIOTIOIOOHBIX arperaTos.
1.2.1.1 CucreMHBIe aMHJIONI03BI

AmMunounable GUOPUILIBI MOTYT 0OPa30BbIBATHCSA U3 LIENE UMMYHOTJI00YJIMHOB.
AMMUIIONI03 JIETKOM Ienu uUMMyHOrnoOynnHa (AL-amuionso3) sBigercs HauOolee
pacrpocTpaHeHHON popMoii cucTeMHoro amuiionsio3a (okosio 70% Bcex ciydaeB) [44].
D10 3a00JIeBaHME YacTO HAOJIOMAETCS y JIIOJEH ¢ MOHOKJIOHAJIBHOM rammaratuen —
KJIaCCOM 3a00JIeBaHUH, XapaKTePU3YIOIIUXCS Mpoudeparueil KIOHOB TIa3MaTHYECKUX
KJIETOK, M KakK CJEJACTBHME, HaJIWYMEeM MOHOKJIOHAJIBHBIX  JIETKUX  IEMeH
ummyHornoOymuaa (Ig-LC). K mnoBpexaeHuto opraHoB MNPUBOJUT 0OOpa3zoBaHUE
aMUJIOU0B, 00YCIOBIECHHOE TOBBIIIEHHON Tipoaykius [g-LC [45]. MeHblile U3BECTHO
o Oosiee peakoMm amuiouao3e JieTkod U Tspkenod uene (AHL-amunounmos) u
amunongo3e Tsokenod nenu (AH-amunompos3) [46], koTopble MO KIMHUYECKUM
cuMnToMaM cXoaHbI ¢ AL-aMHUiI01u1030M.

HaunbGonee pacnpocTpaHEeHHBIM HACIEICTBEHHBIM 3a00JIEBAHUEM B JTOU TPYIINE
SBJIICTCSI TPAHCTHUPETUHOBBIA  aMHJIOMA03, KOTOPBIA OOYCIOBICH MYTaIlUsIMH,
nectadunm3upyomumMu terpamep tpanctupetuHa (TTR), oTBeuaromnuii 3a TpaHCIOPT
rOPMOHA TUPOKCHHA U BUTamMHuHa A [47]. DTO npUBOAUT K OTIOkKEeHUIO arperatoB TTR

B MHUOKapje, HepBax W Jpyrux TkaHsx. K srtomy 3a0oneBaHuI0 TakKe OTHOCST
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CTapYEeCKUl CHUCTEMHBIH aMWJIOUA03 — MPUOOPETEHHOE PaCCTPOICTBO, BBI3BAHHOE
otnoxenusmu TTR, mposiBisitonieecss B OCHOBHOM y MyX4uH crtapuie 60 ner [47].
Jpyrori  pacmpoCTpaHEHHOM  MATOJOTMEW  SBJSAECTCA  PEAKTUBHBIA  aMHUJIOMI03
(AA-amuiionsio3) —  3a0o0JieBaHUE, CBSI3aHHOE€ C  YCTOMYMBBIMU  BBICOKMMU
KOHIIEHTpAIUsIMU ChIBOPOTOUHOTO amuiionsia A (SAA) B mazme Wi cnerupuyecKux
TKaHAX 0PU BOCHAJIUTENBHBIX IMpoLeccax. ITO MPUBOJUT K BHEKIETOYHBIM
OTJIOKEHHSIM O€JIKa C MOCIEAYIOIHUM MOPaKEHUEM B OCHOBHOM IOYEK, CEJIE3CHKH,
MeYeHU, HAIMTOYECYHUKOB U JIUMGOY3i10B [48].

VY nanueHToB C MOYEYHOM HEAOCTATOYHOCTHIO, MM HAXOIAIIMXCA Ha JHAIIA3E,
HaJW4Yu€  aMWIOUJHBIX  OTJOXKEHUH  OOYCIIOBJIICHO  MOBBIIMICHHUEM  YPOBHSA
UPKYJIUPYIOUIETO B KpoBU B2-mukporioOynunHa (f2M) [49]. Dta naTosnorus, KOTOPYIO
TaKXKe Ha3bIBAIOT  JAMAIU3HBIM aMUJIOU030M, BbI3BAaHA  OTJIOKCHUSIMU
noyiHopazMepHoro [B2M mnpeumyiiecTBeHHO Aukoro tuma. OJHAKO CYIIEeCTBYET H
HacjencTBeHHas (opma 3a0o0sieBaHUs, BOZHHUKAIONIAS B pe3yJibTaTe MyTalluid B TEHE,
KogupyromeM 2M, u3-3a 4ero CUHTE3UpyeTCs CKIOHHBIN K arperauuu 0enok [49].

Bonpmyto rpynmy CHCTEMHBIX aMUJIOMIIO30B  COCTAaBIISIIOT — 3a00JIEBaHMS,
CBA3aHHBIE C  OTJIOKEHUSIMU  anojunonpoTeMHoB.  Hampumep,  amMuiounnos,
acCOIMUPOBaHHbIN ¢ anmoaunonpoTenHoM A-I (ApoA-I), MmoxkeT ObITh MPEACTaBICH KaK
B HEHACJEACTBEHHOU (opMe C OTIOKEHUSIMU Oellka IUKOro THMAa, TaK U B BHUJE
HACJIEJICTBEHHOUN (hOPMBI C OTJIOKEHUSIMU BapraHTOB Oenka ¢ 3ameHamu [50]. B penkux
CJIy4asiX HACJIEJICTBEHHbIE aMUJIOWI03bI MOTYT OBITh BBI3BAHBI arperamueil MyTaHTHBIX
dbopma renb3onuHa, o-ienu ¢puopuHoreHa (FGA), nucrtatuna C (CST3) u nuzoruma
[37,39,42]. Arperaiuio U HAJIMYHAE TOKCUYHBIX OTJIOKEHUN HEMPABWIBHO CBEPHYTBHIX
AB, Ig-LC, TTR, a-1-anTutpuncuna, anpbOymMuHa W IEpyJIOMIa3MUHA B TUIAIlCHTE U
(U3UOIOTHYECKUX JKUAKOCTAX OOHAPYKMBAIOT TPHU MPEIKIAMIICUU — OCJIOXHEHUU
OEpEeMEHHOCTH, KOTOPOE SBISIETCSA YaCTON MPUINHON MAaTEPUHCKON U BHYTPUYTPOOHOM
cmeptHocTd [51,52]. OgHako HEM3BECTHO, KAaKOW OEJOK WIpaeT KIIOYEBYIO pOJIb B
pa3BUTHUM ITOTO 3a00JieBaHus [52].

CemeitHast OpuTaHCKas  JIEMEHIUS  SBISETCS  ayTOCOMHO-TOMHHAHTHBIM

3a00JiIeBaHUEM, KOTOpPOE XapaKTepu3yeTcs OTJIOXKEeHusMH amuiouga Abri [53],
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OCHOBHBIM KOMITIOHEHTOM KOTOPOTO SIBJIIETCSl MENTHJ, KOAUPYEeMbI reHoM BRI2.
MyTtanusi B 3TOM reéHe NPUBOAUT K 3aMEHE CTOI-KOJOHA Ha apruHUH U BCIEIACTBUE
TOr0 K yJyIMHEeHuto Oenka [54]. UHTepecHo, 4TO Jpyras MyTaluss B 3TOM TI'€HE
(mymummkanus 10-Td HYKJICOTHIIOB TIEped CTOM-KOJAOHOM) MPUBOIUT K 0OpPa30BAHHIO
aMUJIOUHOTO mentuaa Adan, HOKOMIIEHHE U OTJIOKEHHE KOTOPOTO CBSI3aHO YK€ HE C

CHUCTEMHBIM, a C JJOKAJIbHBIM aMHJIOHI030M — CEMEMHOM TaTCKOM JeMeHIuei [55,56].
1.2.1.2 JIokaJbHBIE aMHJIOUI03bI

B »ToM paznene OyayT pacCMOTpPEHBI NMPUMEPHI JIOKAJBHBIX aMUJIOWI030B, HE
3aTparvBaroluX  [EHTPAIbHYIO HEPBHYIO cucremy  (IIHC). Haubonee
pacmpoCTpaHEHHBIM CIy4aeM SBISIETCS aMWIOWJ03 aO0PThl, BBI3BAHHBIN arperanuen
MEIMHA — TPOAYKTA PACIICIIJIEHUS TJIMKOIIPOTEUHA JIaKTaaArepuHa [S7].

Jlokanu3oBaHHBIE aMUJIOWIHBIE M aMUJIOMJIONOIO0HBIE arperaTbl HaXoOIsT U B
OIyXOJIEBBIX TKaHAX. MeaysuisipHas KapiUHOMA IIUTOBUIHOW JKEJIe3bl CBSI3aHA C
TpaHchopmarel  napaoyuMKyJIApHbIX  C-KJIETOK Y YBEJIMYEHHEM  YpPOBHSA
KaJbIIUTOHWHA, TOPMOHA IIUTOBHUJIHOM JKEJE3bl, U KakK CIEACTBUE, K OOpa30BaHUIO
aMUJIOUJHBIX OTJIOXEHUM 3Toro Oenka [58]. B omyxossax Takxke MACHTUULUHPYIOT
HEe(DYHKIMOHAJIbHBIE aMUJIOMIONON00HBIE OJUTOMEphl P53, KOTOPBIA  SIBISIETCS
OHKOCympeccopoM [59], cdepuueckue OTIOXKEHHS TposiakThHa [60] M OTIIOXKEHUS
OJIOHTOTEHHOTO amelnoobacT-accoruupoBanHoro Oenka (ODAM) [37]. Hpyrumu
TOPMOHOM, arperanusi KOTOPOro IPUBOAUT K NATOJIOTHH, SIBISETCS OCTPOBKOBBIN
amuinouubiii  nonunentun (IAPP) wmm amunmi. OOpa3oBaHHe HEpPAaCTBOPHMBIX
aMUJIOUHBIX (pUOpMILT 3TOro OenKa ABISIETCSI 0COOEHHOCThIO OCTPOBKOB JlaHrepranca
y OOJBIIMHCTBA JIFO/ICH ¢ quabeToM BToporo tuma [61].

BeposiTHOCTh pa3BUTHS psiia JOKAIbHBIX aMHJIOMI030B MOXET OBITh CBs3aHa C
npoueccamMu  ctapeHus.  [IpumepoM  Bo3pacTHOro  3a0o0jieBaHUS  SIBJISIETCS
U30JIMPOBAHHBIA  aMUJIOWJ03  MPEACEPAUs,  XapaKTEpU3YIOLIUHCS  HaTUYUEeM
aMUJTIOUAHBIX GUOpMILT peacepaHoro Harpuiypetudeckoro nentuaa (ANF) [62]. Tlpu
CTapUYEeCKOM aMHUJIOMA03€ MOXKET MPOUCXOIUTh arperaiusi ceMeHorenuna 1 (SEMGI1) B

SIUTENNATBHBIX KJIETKAX CEMEHHBIX My3bIPHKOB [63]. Y My>KUMH CPEIHETO U CTapIIETro
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BO3pacTa B MpeACTAaTeIbHOW Kene3e OOHAapy)KUBAIOT AaMHJIOMJIHBIE  TeJblia,
KOMIIOHEHTaMU KOTOPBIX sBJstOTCS Terepoaumepbl  OenxkoB S100A8 u S100A9
(S100A8/A9) [64].

AmMunionsiHble oTiOkeHus KopHeogecMocuHa (CDSN) [65], ranektuna-7 [66] u
kepatuHoB (CKS5, CK14) mpuBoasat k 3a0oneBaHusiM koxu [67]. Mytanuu B reHe
TGFBI, xonupytoniem keparosnutenut (TGFBI), cBa3biBatoT ¢ pazinuuHbiMu popMaMu
muctpoum  porosurel  [68]. K Takoil ke TATOMOTMM TPUBOIUT arperarus
JaKkTo(QepprHa — )KeJe30-CBA3BIBAIOIIETO TIUKOMpOoTenHa [69].

WNucynun criocobeH o0Opa3oBbIBaTh aMHJIOWIHBIE (UOPUIIBI B MECTE€ MHBEKIIUN
JIEKapCTB y MalMEHTOB C JAua0eTOM, BbI3bIBAas WHBEKUMOHHBIA amuionaos [70].
HNubexnuu sHQYBUPTUIA — CHHTETUYECKOTO MEeNTHaa, osokupytomero ciausaiue BUY-1

C KJIETKON-X03MHOM MOT'YT IPUBOAUTH K MOX0keMy 3 dexty [71].
1.2.1.3 HeiiponerenepaTuBHbIe 3200J1eBaAHNS

Amuonsiossl, 3atparuBatomue [[HC, uszyuensl Hanbonee noapoOHo. Ilenmtua
AP, dparment Genka-npenmectBeHnrnka P-amuiouaa (APP), Obul BiepBbie BbIICICH B
KayeCTBE OCHOBHOTO KOMITOHEHTA aMUJIOMIHBIX OTJIOXKEHHH y MAIlMEeHTOB ¢ OOJE3HBIO
Anpureitmepa. Hecmotpst Ha To, uTo pyHKIus camoro APP 10 KoHIa HE U3ydeHa, ero
IPOLIECCUHT JIeTalbHO MCCJIENOBAH: 3a HEro OTBEYaroT - M y-cekpeTas3bl. Pa3zpesaHue
Y-CEeKpeTa3oi SBJSIETCS HETOYHBIM, B PE3yJIbTaTe 4ero oOpa3yroTcsl MENTHABI JITHHON
3643 amMUHOKHCIOTHI, BKJIouas amuiougoreHHele AP40, AB42 u AP43 [61,72].
Camyro MHorouuciieHHywo ¢pakiuio (~80-90%) npencrasiser Bapuant AP40, a
BTOPYIO MO uuciIeHHOCTH — BapuaHT AP42 (okono 5-10% Bcex BapHaHTOB).
AP42 aBnsgercs Hanbosee THAPOoHOOHBIM 1 Oosiee CKIIOHEH K arperanud [73]. I1pu aTom
nenTuasl A NposIBISIOT Pa3IMUHYI0 TOKCMYHOCTh. Tak, BapuanT AP43 oka3biBaeTcs
CaMbIM IUTOTOKCHUYHBIM, B TO Bpems kak AP40 mposiBisier MeHbIHMN 3DQexT Ha
XKu3HecmocoOHocTh KieTok [61]. Tlpumeuarensrno, uro AP40 m AP42 cmocoOHBI
00pa3oBbIBaTh MOJIUMOpP(HBIE (GUOPUILIBI, OT CTPYKTYpPhl KOTOPBIX MOXKET 3aBHUCETH
CKOpPOCTh TporpeccupoBaHust Oonesnn AmnbireiiMmepa [74]. C atuMm 3a0oieBaHUEM

TAaK)K€ CBSI3aHbl AMUJIOMJIBI, KOTOpbIE (QOpMUPYET HeHpoH-crenuduueckuii Oenox
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tau [75]. B romoBHOM MO3re MaIlMeHTOB C OOJE3HBIO AJbIreiiMepa tau OTACNISIEeTCS OT
MUKpPOTPYOOUEK, C KOTOPHIMH acCCOLIMMPOBAH B HOpPME, TEpSET CIOCOOHOCTh HX
CTAOMJIM3UPOBATH U 00paszyeT HelpopuOpuIsipabie KIyoku [76].

benox a-cunykinenH (opMHpyeT BHYTPUKICTOYHBIE aMUJIOUIHBIC arperarsl,
oOHapy>kuBaembie B Tenblax JleBu npu Oone3nu [lapkuHCOHA U AEMEHIUU C TeNblIaMU
JleBu, B TINMAJbHBIX [MTOIJIA3MATUYECKUX BKJIIOYEHUSX Yy TMALMUEHTOB C
MHO>KECTBEHHOM CHCTEMHOW aTtpodueldi © B aKCOHAJbHBIX CcQepouaax mpu
HeHpOoaKCOHANBbHBIX AUCTpoduax [61,77]. BkitoueHus o-CUHYKJIEHMHA TAK>KE BBISIBIISIIOT
y MarueHToB ¢ Ooye3Hpio AJbireiimepa [78]. CBolicTBa o-CHHYKJIEHWHA OymayT Ooiiee
noApoOHO onucaHkl B paznene 1.3.

bone3np XaHTUHITOHA SBISIETCS HACIEACTBEHHBIM HEWPOJEreHEpaTUBHBIM
3a00JIeBaHUEM, BBI3BAHHBIM MyTalUsIMU B r€He, KoaupyromeM 0enok reHTUHITHH (htt).
OTH MyTaluu TPUBOAAT K YBEIMYCHHUIO KOJUYECTBA MOJUTITYyTaMUHOBBIX (PolyQ)
MOBTOPOB, BBI3BIBAIONIMX arperanuio Oenka [79,80]. [ns mporpeccupoBaHus
3a0oneBanus BakHa JuHa PolyQ moBTopoB. I'eHTuHITHH ¢ 6-35 moBTOopamu PolyQ He
BbI3bIBaeT 3a0oneBanue. Oanako htt ¢ 6onee yem 36 mosTopamu PolyQQ mpuBoguT K
pa3BuUTHIO 00Je3HM XaHTUHITOHA [81,82].

CrocoOHOCTh aMUJIONIOB UHTYITUPOBATH COOCTBEHHYIO COOPKY, IIEpeIaBaThCs OT
KJIIETKM K KJIETKE WJIM JJa)k€ OT OpraHuM3Ma K OpraHu3My, BbI3bIBas PacClpOCTPAHECHHE
00JIe3HHU, SIBIIAECTCA XapaKTEPHOW YEpTOM NMPHUOHOB. BakHBIM yClIOBUEM HX NEpenayu
aByseTcs (hparMeHTaIrus. Y 4eJIoBeKa OHU CBSI3aHbI C HAKOIJIEHUEM B TKAaHW TIPUOHHOMN
n3odopmsr (PrP*®) krerouroro mpuonHoro 6emka PrPC. K oTim 3a601€BaHASIM OTHOCST
oone3ns Kpeitidensara—Akoda, kypy, paTanbHyro ceMeiiHyt0 0€CCOHHUILY U CUHAPOM
I'epctmana—IllTpayccnepa—llleitnkepa (HacneICTBEHHbBIN BapuaHT 00s1e3Hu
Kpeitridensara—dko6a) [31,83]. HacineacTBeHHbIe MPUOHHBIE 3a00JI€BaHUS BBI3BAHBI
MyTalsiMd B TeHe mpuoHHOTro Oenka (PRNP). B uwactHOcTH, m3BecTHO Oosiee 60
MyTaIii, KOTOpPhIE CBSI3aHBI C Pa3HOOOPA3HBIMU KIMHUYECKHUMH CUHApoMamu [84].
VYV )KUBOTHBIX K TPUOHHBIM HHQEKIUSIM OTHOCAT CKpenu OBell, TIy0uaTyio
sHIeQaATIONaTHIO KPYHMHOTO POraroro CKOTa, a TaKKe XPOHUYECKYIO H3HYPSIOIIYIO

0oJie3Hb OJIeHeH u Jtocei [31].
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bokoBoii ammorpoduueckuit ckinepo3 (BAC) sBmseTcss mporpeccupyrommuM
HelpoiereHepaTuBHbIM 3aboeBanneM. M3pectHo Oonee 180 myranmii B reHe SODI,
KOJUPYIOIIEM  LMUTOIJIa3MAaTUYECKYl0  CyNepokcujaucmyTtasy  [85],  KoTopbie
oOycioBnuBaroT oxoyio 20% wnHacnenctBeHHbIx ciydaeB BAC [61]. TokcuaHOCTH
MyTaHTHBIX GopM SODI1 npu BAC 0OBACHSIOT HENpPaBWIbHBIM CBOPAYMBAHUEM U
CKJIOHHOCTBIO K arperaniui. CTOUT OTMETUTD, YTO MPU HEKOTOPHIX ciaydasx BAC Takxke

PETHCTPUPYIOT TPHUCYTCTBUE IMHUTOINIA3MATHUYECKUX arperatoB OenkoB TDP-43 wu

FUS [61].
1.2.2 ®yHKUUOHAJbHbIE AMHUJIOUAbI

O6pa3OBaHI/I€ AMUJIOMTHBIX arperaToB M3HAYAJIbHO paCCMAaTpUBAJId B CBA3U C
MMaTOJIOTUYCCKUMHU ITpoHecCaMmn, OAHAKO ITO3HCC OBILIO 06H3py>KCHO, 9qTO aMHJIOMIHBIC
(1)I/I6pI/IJ'IJ'IBI MOTI'YT BBIIIOJIHATE Pa3JIMYHBIC @HSHOHOFH“IGCKI/IG (bYHKHI/II/I B OpraHu3mMax
OT IIPOKApHUOT A0 MIICKOIIMTAIOIIIUX. HaHpHMep, OBLII0 IMPCAIIOIIOKCHO, YTO Y YCJIIOBCKA
CI)yHKL[I/IOHaJ'IBHble aMUJIOWJbl Y4aCTBYIOT B IIHMIMCHTAIMH, XPAHCHHHU IICTITUAHBIX
TOPMOHOB, OILIOAOTBOPCHHNHU HﬁHGKJ’IGTOK, HpOTHBOMI/IKp06HOM IIGﬁCTBPIPI, a TaK¥XKC B

JIpYruX (PU3NOIOTMYECKUX MPOIEcCcaX.

1.2.2.1 AMUI0MBI B COCTABE KJIETOYHOM CTEHKH U MPOLECCAX KJICTOYHOM

aare3Inn

HekoTopbie Oenku, BXOAAIME B  COCTaB  KJICTOYHOW  CTGHKH, JHOO
acCCOIIMMPOBAaHHbIE  C  HEH, CHocoOHBI  (QopMUpOBaTH  aMUJIOUIHBIE |
aMUJIOUI0N0I00HbBIE arperathbl. Takue OenKu cnocoOCTBYIOT MOAJIEPKAHUIO CTPYKTYPHI
U TEJIOCTHOCTH KJIETOYHOM CTEHKH, WM WHBIX CTPYKTYp OOOJIOUKH KJIETKH, a TaKKe
YYacTBYIOT B @JIF€3UH KJIETOK JIPYT K IPYTY WU K CyOCTpary.

benku kneTodyHOW CTEHKH Ipoxken S. cerevisiae cnocoOHBI 00pPa30BHIBATH
aMUJIOUJHBIE W aMUJIOWJIONON00HBIC arperatbl. OJHUM W3 TaKUX OCJIKOB SIBIISCTCS
rmokanTpancdepaza Bgl2. Jlns »toro Oenka ObUl0  MOKazaHo (GOPMUPOBAHUE
amMuouHbIX Gubpwn in vitro [86]. B nanpHeimem ObUIO OOHAPYKEHO, YTO OCIKHU

kierouHoit aare3uu Flol u Mucl Ttaxxe gopmupyrot udbpwiisl. B cucreme in vivo
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JUISL 3TUX OENKOB OBUIM MPOJEMOHCTPUPOBAHBI aMUJIOUIHBIE CBoMcTBa. [IpoTeomHubIit
CKPUHHMHT TIO3BOJIMJI OOHApyXHUThb W JApyrue Oenku, (QOpMHUPYIOIIHE IeTepPreHT-
yCTOWUYMBBIE arperatbl B kieroyHou ctenke: Gasl, Gas3, Gas5, Tohl u Ygpl.
JletanbHo mpoaHanu3upoBaHbl ObUH Juis Tpu U3 HUX: Gasl, Tohl u Ygpl. I'en GASI
KoqupyeT Oera-1,3-rmokano3mwiTpancdepasy, B ToM BpeMs kKak ¢yHKuu 0enkoB Tohl
u Ygpl ne ycranomiensl. benok Tohl cBszan ¢ memOpanoil kinerku Omaronapst GPI-
SKOPIO U, TPEANOIOKHUTEIBHO, CIIOCOOCTBYET CTAaOMIM3allMU CTPYKTYPHI KIETOYHOM
CTEHKH 3a cueT oopazoBanus GpudpuLI [2].

Hpyroit npumep GyHKIIMOHATIBHBIX aMUJIOUIOB, JIOKAJIN30BAaHHBIX B KIETOYHOU
CTEHKE, CBsI3aH C 00pa3oBaHWEM BO3NYIIHBIX Tu(d Streptomyces coelicolor. TlepBbie
BOCEMb OEJIKOB, KOTOphIC ObUIM HACHTU(PHUIIMPOBAHBI B COCTaBE ITUX CTPYKTYp, ObLIU
Ha3BaHbl yaruimHaMmu (chaplins), a ornenpHble Oenku nmoxyumnn ooo3Hauenuss ChpA-H.
s 6enxkoB ChpD-H mnoka3an aMuiIouIHbIE CBOMCTBA in Vivo, OJJHAKO 3TH PE3yIbTaThl
OBLIIM TIOJTyYEHBI Ha CMECSX OEJIKOB U3 JIeTepreHT-ycTounBbIX dpakuuid. benku RAIA u
RdIB, koTopsle 00pa3ytoT 1OMOJIHUTENbHBIN OEIKOBBII CI0M MOBEPX YAINIMHOB, TAKKE
y4acTBYIOT B (hOpMUPOBaHUM BO3AYyHIHBIX TU(] S. coelicolor. HecMoTpst Ha BBICOKOE
CXOJICTBO TMOCJE0BaTEIbHOCTEH IBYX 3TuX OenkoB (>90%), Ttonbko RdIB moxer
oOpa3oBbIBaTh GUOpWILIEI in vitro [87].

AMUITONIBI OTBEUAIOT 32 TUAPOQPOOHBIE CBOMCTBA TOBEPXHOCTH BO3AYIITHBIX TU(D
rpuboB. benku ruapodpodbunst (hydrophobins) crnocoOHBI BBITONHITH AHAJOTUYHYIO
byukmuto:  cpeau  HuUKk Oenku  EAS  (y  Neurospora crassa) u  SC3
(y Schizophyllum commune), KOTOpble SBISIIOTCS HauOoOJiee€ U3BECTHBIMH TIpUMEpaMu
amunouaoB [2,88]. Hpyrue Oenku u3 pasueix BuaoB rpudoB (RodA, MPGI, NC2,
DewA, Repl) oOnamaroT cleqylomyMMd CBOMCTBAMHU: I[IOKa3aHO HUX YYacTHE B
dbopmupoBaHun (GUOPWUIUIAPHBIX CTPYKTYP Ha TIOBEPXHOCTH KJIETOK, BBICOKas
YCTOMYMBOCTh K JETEpreHTaM, a Takke B3auMojeicTBue ¢ tuopnaBuaom T [89-92].
Cpenu sykapuoT nmofo0HbIe TpuMepbl HalaeHsl Takxke y Candida albicans (Alsl, AlsS,
Eapl) [93,94].

O6napyxeH psag OenkoB  OakTepuid, arperanus KOTOPBIX CBf3aHA C

(dopMupoBaHueM OMOIUIEHOK M ajre3ned k cyoOctpaty. Hawmbonee wu3BecTHBIMU
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npumepamu sBisitorcs 6enok CsgA Escherichia coli u ero MHOTOUYHMCIIEHHBIE OPTOJIOTH
[95]. Ot Oenku HEOOXOAUMBI ISl 00pa3oBaHus pUOPHILI, Ha3BaHHBIX Kepiu (curli), Ha
MOBEPXHOCTU KIJIETOK M (HOPMHUPOBAHMSI BHEKJIETOYHOTO MATPHUKCA B OaKTEepUaTbHBIX
onorenkax [88,96]. Ananornunasi GyHKIHs ObLIa MPEJIOKEHA U JIJIST IPYTUX OCIIKOB.
Ha noBepxHocTu 6akrepuii puOpriibl Takke oopasyrot 0enku TasA Bacillus subtilis,
Bap Staphylococcus aureus u FapC Pseudomonas fluorescens. JIisi HUX TOKa3aHbI
ammioninbie cBoicTBa [88,96,97]. benok MTP obpasyer pubpusisipHubie arperatsl Ha
noBepxHOCTH Mycobacterium tuberculosis [98]. WurubGupoBanue GuUOpULIM3ALUNA
oenkoB P1, WapA u SMU 63c Oakrepuu Streptococcus mutans TPENSTCTBYET
dbopmupoBannio OuorieHOK [99]. JleTepreHT-ycTOHYMBBIE arperatbl B KJIETKax
Salmonella enteritidis obpazytor Oenku AgfA u AgfB [100,101]. beuio Takxke
MPEANoJIoKEeHo, uTo Oenmok Sbp Staphylococcus epidermidis Taxxe sBiseTcs
aMWJIOUJIOM, MOCKOJIBKY OH 00pa3zyeT (puOpuiIibl, KOTOPbIE OKPAIIMBAIOTCA aMHJIOHI-

cnenuduyeckumu kpacutessimu [102].
1.2.2.2 AMUIoMabI B COCTABE BOJIOKOH

B 1968 roay npu uccienoBaHuu 1ieska 3yaroria3zok pojga Chrysopa ¢ momMoIibio
Tudpakiuy peHTreHOBCKUX JIydel ObLIO MOKa3aHO, YTO PACCTOSIHUE MEXAY [-TsHKamu
BIONb OcH (uOpmmisl coctapiaser ~ 4,7 A [31], uTo sBIsAeTCS CBOMCTBOM,
XapakTepHbIM sl Kpocc-B-cTpykTypbl.  DuUOpoMH, BBIACNSIEMBId  TYTOBBIM
nienKonpsiioM Bombyx mori, B yCIOBUSX in Vitro (pOpMHUpPYET aMHIONA0NOI00HbIE
(GuOPUILIIBI C HEOOBIYHOM CTPYKTYpPOil, B KOTOPOH B-TsU NMapajieabHbl OCU (PUOPUILIBI
[103]. [Tayubn mienka, Wiav CIIUIPOUHBI SBISFOTCS PUPOAHBIMU NOJIMMEPAMU, KOTOPBIE
XapaKTePU3YIOTCSl UCKIIOYUTENbHON MPOYHOCTHIO M DJIACTUYHOCTHIO. s HUX ObLI
OTMEUEH IMepexoj] OT KOH(opManmuu Ha OCHOBE O-CIUpaled U HEyNopsAI0YEHHBIX
YY4aCTKOB K CTPYKType, OOOramieHHOH [-TucTtamu, 4YTO CXO0Xe C 00pa3oBaHUEM
amunouHbIx (GuoOpmwt. C MOMONIBIO JIEKTPOHHON MUKpockonuu y Nephila edulis
Obutn  OOHapyxeHbl GUOpWILIBL  cridaponHa (cM. o030p [2]). MuHHCTUIAPOUH
eADF-4(C16), ocHoBaHHbIiI Ha mnoBTOpsitomnxcss peruoHax ADF-4  Araneus

diadematus, obpasyeT GuOpUILIBI C Kpocc-B-CTpyKTypoit [2] U crocoOeH 3amycKaTth
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oOpa3zoBaHne aMWIOUIONONO00HBIX (ubpumn B ycnoBusix in vitro [104]. Crout
n00aBUTh, YTO OAWH W3 OEJKOB JaTeKca M3 TeBeu Opasmibckoit (Hevea brasiliensis),
REF (Hevbl), B ¢pu3nonornyeckux yciaoBUsX in vitro o0pa3yeT arperartsl, 00Jaarolme

aMIJIOUTHBIMU cBo¥cTBamu [105,106].
1.2.2.3 AMuiI0oMabI B IPOLECCAX CUTHAJIMHIA

B ocHoBe mepenmaun BHYTPUKIECTOYHBIX CHUTHAJIOB JIeKAaT KOH(OPMAIMOHHBIC
n3MeHeHus: O6enkoB. OOpa3zoBaHuEe aMUJIOUIOB — 3TO TaKXKE U3MEHEHHE KOH(OopMaIuu.
HarnsgueiMm npumepoM  (YHKIIMOHATBHBIX aMUJIOMOB, YYAaCTBYIOIIMX B Mepenaue
curHana, spisercs napa OenkoB yenoBeka RIPKI1 um RIPK3, coBmectHas arperarus
KOTOPBIX (Koarperanys) HeoOxoauma Jjisi 3amycka Hekporrosa [107,108]. Jlna atux
O€JIKOB IMOKa3aHbl MHOTHME AMUWJIOWIHBIE CBOMCTBA in Vvitro u in vivo. B ydacTkax,
HEOOXOJMMBIX JJIS arperaiy M OCYIIECTBIEHHUS CHUTHAJIBLHOTO Kackada, HaXOMISTCs
nocienoBateiabHocT RHIM (0T Rip homotypic interaction motif) [107].

[loxoxue MOTHBBI OBUIM OOHApyXe€Hbl W B JpPYyrux OejaKax pas3InyHbIX
opranu3moB [109], B ToM wuwmcie B Xxopomo wu3zydeHHoM ammiouae HET-s
Podospora anserina. IndekunmonHble arperatbl 3TOro Oejika MPUBOAST K TMOSBICHUIO
npuoHa [Het-s]|. DTOT nuTOIIa3MaTHYECKUN (PakTOp HEOOXOAMM JJIsl 3aITyCKa peaKIuu
HECOBMECTUMOCTH TeTepoKapuoHOB. CiusHHEe TH( pa3HbIX OpPraHU3MOB, OJMH U3
KOTOPBIX HECET ITOT MPUOH, & BTOPOH — HET, MPUBOJIUT K 3amporpaMMUPOBAHHOU
KJIETOYHOM THOETu. DTOT MPOIECC 3almyCKaeTcsl MPU B3aUMOJICUCTBUHM aMHJIOMIHBIX
arperatoB HET-s ¢ monomepHbiM OenkoM HET-S (mpoaykTsl pa3sHbIX amieneil oqHoro
reHa), KOTOPhIE OKa3aJuCh B OJJHOM T€TEPOKAPHUOHE TMOCIE CIUSIHUS KIETOK (CM. 0030p
[110]). ITocnenyromas arperamust HET-S mpuBoaut x u3smMeHeHunio ero KoHGOpMAIIUH,
OH TIOJIy4aeT BO3MOXHOCTh BCTpaWBaThbCsi B MeMOpaHy KJIETKH, Hapymas e€
uenocTHOCTh [111].

Hanpreimmii mouck RHIM cpenu npyrux OenkoB P. anserina BBISIBUJI €IIIE
OJIHOTO YYaCTHUKA ATOTO CUTHAJIBHOTO Kackajaa — 6e1ok NWD2. OtoT 6enok ciocodeH
3amyckath arperanuio HET-s, uro BmocneactBum mpuBoauT K rudenu kietok [112].

benku HELLP, SBP u PNTI1 rpu6a Chaetomium globosum, taxxe nHecyr RHIM u,
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BO3MOXKHO, SIBJISIIOTCS (DyHKUIMOHANIBbHBIME aHanoramu cuctemsl HET-s, HET-S, NWD2
[113].

B ©6enkax PGRP-LC, PGRP-LE u Imd Drosophila melanogaster, xoTopbie
YYacTBYIOT B 3aIlyCKe€ aHTHUMHUKPOOHOTO OTBETa, ObLIM OOHapy»KeHbI CKphiThie RHIM
(cRHIM, or cryptic RHIM). CornacHo npeioxKeHHON MOJIeu, arperaius 3TUX 0eJIKoB
SBJISIETCS KIIIOYEBBIM coObITHEM B mepenade curHaia [114]. Ilockonsky RHIM
Hal/IEHbI CPEJIM pa3HbIX OENKOB, CBA3AHHBIX C IpoleccaMu curHaiauara [115], MmoxHO
O’KHJIaTh OMMCAHUsS HOBBIX (DYHKIIMOHAJIBHBIX aMUJIOU]IOB.

PacnioznaBanue knerkou BupycHor PHK mHnnmnpyer kackan nepenaun cursania,
KOTOPBIA MPUBOJUT K 3aIYyCKy MPOTUBOBUPYCHOTO OoTBeTa. benok MAVS cran onaum
U3 HEJaBHO OOHAPY>KEHHBIX YYACTHUKOB TaKOTO CUTHAJIMHTA. DTOT OEJOK BBIMOIHIET
cBol0 (yHkuuio B arperupoBaHHod ¢dopme. B coctaBe MAVS Bbensior
C-TepMUHANIBHBIA TpaHCMEMOpaHHBIM JIOMEH, OJyiarojapss KOTOPOMY OH CBSI3aH C
MUTOXOHJPHUAILHON  MeMOpaHoW,  N-TepMHUHAIBHBIA  Kacla3o-peKpyTUPYIOUTUN
npuoHOreHHbli JoMeH CARD, SKCIIOHMpPOBaHHBIM BHYTPh LMTO30J5, a TaKkKe
MPOMEXKYTOUYHBIA  YYaCTOK, KOTOPBIM  PEKPYTUPYET  CUTHAJIBHBIE  MOJIEKYJIbI
HIDKEJIexKalero nyTu nepenaun curtana. Jlomen CARD B3anmMonenCcTBYET ¢ TaKUM ke
ydacTkoM perentopHbix 0enkoB RIG-1 u MDAS, xoTopbie pacro3HaOT 4yKEPOTHYIO
PHK, 3amyckas kackaj mnpoTuBOBUpYycHOTo oTBera. [lpu stom MAVS o6pasyer
KOMILIEKCHI, KOTOPbIE MHULIMUPYIOT arperannio Apyrux moiuekyia MAVS [116].

Arperatel MAVS N1eMOHCTPUPYIOT psAJl CBOMCTB, XapaKTEPHBIX IJI1 aMUJIOUJIOB,
HO 00J1a1at0T 0CO00 CTPYKTYPOil, TO3TOMY OHM HE B3aUMOJIEUCTBYIOT C KPACUTEIISIMU
Konro kpacueiMm u TtHodnaBuHoMm T. benok MAVS, mepexons B arperupoBaHHYIO
dbopmy, He mpeTeprieBacT KOH(POPMAIMOHHBIX TEPEXO0JIOB O-CIHUpalied B [-JTHUCTHI
(Pucynok 3). Ha ocHOBaHMM JaHHBIX KPHORJIEKTPOHHOW MHMKPOCKONHUHU ObUIH
MPEIIOKEHBI JIBE MOJENM arperatoB 3Toro Oenka. B oboux ciydasx QuiaMeHTHI
MAVS coctoiT U3 OTHENbHBIX CyOBeAWHMI] O€lika, YJIOKEHHBIX APYr Ha Apyra u

oOpasyronux IeHTpaibHyo opy [116].



Pucynok 3. Moageab arperata MAVS. KpacHOl nMHHEH OTMEYEHA YCIOBHAS OCh
¢bubpuibl. [[BeTamu BbIACICHBI YepeAyronuecs MoJeKyiabl Oenka. Unentudukartop
CTPYKTYpbI, HCIIOJIb30BAHHOM MPU MOJArOTOBKE PUCYHKaA, B 0a3e nanHeix PDB ID: 3J6C
[30].

1.2.2.4 ToxkcHHBI 1 AHTUMHUKPOOHbIE MENTH/IbI

AnTuMuKpOOHBIE TienTuabl (AMII) — 3TO 3amMTHBIE NENTHABI, OOHAPYKEHHBIC
BO MHOTMX OpraHu3Max, SBJIIOIIMECS YacTbl0 BPOXKJIEHHOIO HMMYHHUTETA.
bonsmmuacTBO AMII ipencraBnsioT co0oit kKaTuoHHBIE U aMbU(UIbHBIE O-CITUPATbHBIC
OenkoBble MOJEKYNbl. [IpUHIUI X paOOTHl 3aKIFOYAETCS B CBSI3bIBAHWU C HETaTHUBHO
3apspKEHHOM  OakTepuanbHOM MeMOpaHOW W HapylleHuu ee uenoctHoctu [117].
JII1s1 HEKOTOPBIX AMII MMOKAa3aHbI aMMJIOUTHBIC CBOMCTBA, KOTOpBIE,
MPEANOJIOKUTEIBHO, BAKHBI JUIS1 UX PYHKIIMOHUPOBAHUS.

LL-37 cran mnepBbIM OTKPBITBIM AHTUMHKPOOHBIM KAaTHOHHBIM MENTUAOM
yenoBeka [118]. [lpu GakrepranbHO MHBA3UM MPOTEA3bl Pa3pe3ar0T MPEAIIeCTBEHHUK
hCAP-18, B pesynbraTe uero mnosiBasiercs nentua LL-37, kotopsiii o00pasyeT
BOJIOKHUCTBIE€ arperatsl in vitro. OTH KOMILUIEKCHl OKpamuBaroTcs KOHro KpacHbIM U
XapaKTepU3yIoTCs A0JI0YHO-3€JICHbIM CBEUYEHHUEM IPHU JTBOMHOM JIy4elpeJIOMIICHUU B
Kpocc-nojsipuzoBanHoM  cBete  [118].  ®dubpuiibl, o00pa3oBaHHbIE KOPOTKUM
dbparmentom LL-37, He cBsa3pIBalOT THO(UIABMH T W HMMEIOT HEXapakTEPHOE st

aMuiionga CTpOCHHEC. OHH COCTOAT M3 IIJIOTHO YIAKOBAHHBIX aM(bI/IHaTI/IquKI/IX
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a-crivpanet [119]. Ilokazano, yto arperamus 6enka LL-37 MoxeT ObITh HampsIMyIO
CBsI3aHa C €ro IIUTOTOKCUYHOCTRIO [118].

N3 xoxwu nsrymiek ObutH BhIeNeHbl gepmacentuHbl Drs S9 u aDrs PD-3-7. Onn
oOpasyioT (GuOpuIbl, oOOOTameHHbIC [-CIOSIMH, IS KOTOPBIX TOKa3aH Psif
aMUJIOUIHBIX CBOMCTB [120-122], omnako, kak u mjsi MHorux AMII, nis HUX HET
NOATBEpKAeHUs1 in vivo. B koxe nsarymiku Xenopus laevis OblIM OOHapy>KEHbI
MaraiHuHbI, oOJjanarolue MNPOTUBOMUKPOOHBIM [123,124] U TPOTHUBOOIMYXOJIEBBIM
neiicteueM [125,126], a Takke NEMOHCTPUPYIOIIME aMUJIOWAHBIE CBOMCTBA. [ HUMX
BIIEPBBIE ObUT NIPEIJIOKEH aHTUMUKPOOHBI MEXaHU3M ¢ 00pa30BaHHEM TOPOUIATHHBIX
nop. MaraiiHuHBI CBSA3BIBAIOTCSA ¢ MEMOPAHOM U, JOCTUTHYB IOPOTOBOM KOHLIEHTPALUH,
IPUBOMAT K ee AedopManuu U aectabunuzaiy. [locie 3Toro nenTuabl BCTpauBaroTCs B
MeMOpany, 00pa3ys Topouaaibnyto nopy [127]. Ilpoterpun-1 (PG-1), AMII uenoseka,
dbopmupyet GUOPHILIBI in Vitro, KOTOpbHIE CIIeU(GUUSCKH OKPAITUBAIOTCS THO(PIAaBUHOM
T. IlpoTerpuHbl HAXOJATCS B HEPACTBOPUMOM COCTOSIHUU B TrpaHyJiax HEUTpodUIOB U
Makpodaros. [Ipu nonagaHuu naroreHa B KJIETKY, TPaHYJbl CIUBAIOTCS C BaKyoOJIblO,
YTO MPUBOJUT K BBICBOOOXK/ICHHUIO MENTHUJIOB, KOTOPhIE 00pa3yrOT KaHajibl B MeMOpaHe
naroreHa, npuBojs k ero rudenu [128]. K uzBecTHbIM npoTerpyuHaM ¢ aMUJIOUIHBIMU
cBolicTBaMH OTHOCAT Takxke PG-4, BBIICICHHBIA U3 JICUKOIUMTOB CBUHEH. bEIIO
MOKa3aHo, YTO B YCIIOBUSIX in Vitro OH o0OpasyeT (GuOpHILISpHBIC arperaThl, KOTOPHIE
okpamuBatoTcss Konro kpacusiM u TtuoduaBuHom T. Monomepsl u arperatsl PG-4
MPOSIBJISIIOT aHTUMUKPOOHYIO aKTUBHOCTH B OTHOIIeHUU B. subtilis [129]. Mukpouux
E492  sBnsercs  W3BECTHBIM  MOPOOOPA3YIOMIMM  OaKTEpUAIbHBIM  TOKCHUHOM,
npoayuupyemeim  Klebsiella pneumoniae RYC492. Iloka3zaHo, 4TO OH CHOCOOEH
dbopMupoBaTh aMUIIOUIONION00HBIE (PUOPUILIBI, Oorareie B-CIIOSIMU in Vivo W in Vitro
[130]. Apyrum npumepom OakTepuaabHOTO TOKCHMHA CIYKUT Oenok PSMoa3 S. aureus,
KOTOpBIH 00pazyeT (GpuOPUIUIBI ¢ KPOCC-0-CTPYKTYPOM, CBsI3bIBaroIIue THO(IaBuH T.
[Ipu >TOM ecTh CBUACTENHCTBA TOKCHYHOCTH (PUOPWIUT MO OTHOIICHUIO K KIIETKaM
yenoBeka [131].

Knerku IlaneTta TOHKOTO KWINIEYHWKA YEIOBEKa MPOIYIUPYIOT o-nedeH3uH 6

(HD6), koropblii  obecneunBaeT  3allUTy  OT  3apaKE€HUS  MATOr€HHBIMU
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MUKpoOpranusmamu kuiieuyHuka [132]. Csi3piBasicb C MOBEPXHOCTHBIMHU O€IKaAMHU
oaxrtepuii, HD6 moasepraercst ynopsmoueHHol camocOopke ¢ obpazoBaHueM (GpuOpuit
Y HaHOCETOK, KOTOPbIE OKPY>KAIOT U 3aITyTHIBAIOT MATOT'€Hbl. DTO CO3/1A€T MPEMSITCTBUE
U1l (PU3MYECKOr0 KOHTAaKTa OaKkTEepUil ¢ AMUTEIHAIBHBIMUA KJIETKaMH, HEOOXOIMMOe
JUUIs1 IPUKPETUICHUST Wi uHBa3uu [132].

Amvunonnonono6usie AMII Takke Oblu 0OHapyx eHbl y pacteHuid. Cn-AMP2,
BBIICTICHHBIA U3 KUAKOTO 3HJ0cTepMa KokocoBoro opexa Cocos nucifera, obpasyet
BUJIMMBIC arperaTtbl B BOJHOM Oydepe, KOTopbie CBs3bIBalOT KOHIO KpacHbIH,
tnodnaBuH T, a Takke uMmeroT GuOpmUIIpHYI0 Mopdosoruto. OIHAKO B HACTOAIIEE
BpEMsI HET MPAMBIX JI0KAa3aTeabCTB TOTO, 4To Cn-AMP2 o6nanaeT aHTHOAKTEpUATIBHBIM
s (HeKTOM HUCKITIOYUTENBHO B arperupoBanHoi popme [133].

Croutr OTMETUTh, YTO OCJKHU, AaCCOIMUPOBAHHBIE C  YEJIOBEUYECCKUMU
aMUJIOUI03aMU, Tak)K€ MOTYT BecTH ce0si kak TokcuHbl. Hampumep, AP mposiBisieT
AHTUMUKPOOHBIE CBOICTBA, KOTOpHIC HalleJICHbl HAa MATOT€HHbIE OAKTEPUH U TPUOBI
in vitro 1 B MOJCNIBHBIX cucTeMax: y Hemaroawbl Caenorhabditis elegans v MbIln
[134,135]. AHTUMUKpOOHBIE  CBOMCTBA MPOJAEMOHCTPUPOBAHBI IS  JAPYTHUX
aMUJIOUJOTEHHBIX OEJIKOB, Hampumep, Ju3onuma. Ero aHTUMHKpOOHass aKTHUBHOCTH
MPUBOAUT K TEepMEadMIU3aIuu KICTOYHOM MeMOpaHbl MaToreHa, MPeArnoI0KUTEIbLHO

gyepe3 oopazoBanue nop [136].
1.2.2.5 AMusouas! B npoueccax GopMUpOBaHHUS MaMATH

Hanuuue amunounnoB B neHtpaibHo HepBHOM cucteme (IIHC) monroe Bpems
aCCOIMUPOBAJIOCh HCKIIIOYUTENBHO ¢ maTtojiorusMu. OJHAKO MHOrO€ U3MEHUJIOCh C
oOHapykeHHeM  (YyHKIIMOHANBHBIX  amuionnoB  Oenka  CPEB  wmommiocka
Aplysia californica n ero romonoros: Orb2 D. Melanogaster u CPEB3 mbimu. benku
CPEB sBistorcs PHK-cBsizpiBatomumu, npudém oOHM Jiydine cBsizbiBatoT PHK,
HaxoJsICh B OJIUTOMEpU30BaHHOM cocTostHuu [137]. Onuromepusamnuss CPEB B mo3re
HCCIICIOBAHHBIX KUBOTHBIX MPOUCXOIUT B OTBET Ha HEHWPOHAIBHYIO CTUMYJISIIHIO
[138,139]. Ecam Oenku CPEB He ¢opmupyloT arperatbl, 5TO OTPHUIATEIHHO

CKa3bIBaeTCs HA TNOAJEPKAHMM JIOJTOCpPOYHOM mamsitu 'y A. californica n



30

D. melanogaster [137,138]. DT naHHBIE MO3BOJIAET MPEANONOXUTH, uTo Oenku CPEB
GyHKIIMOHATBFHEI WMEHHO B arperHpPOBAaHHOM COCTOSHHWH. VcciemoBarenu Takxke
Ha3bIBAIOT ATU OCNKM (PYHKIIMOHAJIBbHBIMU TIpHoHamMu [139], 4To, BEpOsSTHO, HE UMEET
JIOCTaTOYHBIX OCHOBaHUH, Tak Kak nHpexrmonnocts CPEB A. californica m CPEB3
MBIIITK ObLTIA in Vivo MPOJEMOHCTPHUPOBAHA TOJIBKO B ApoxikeBou cucteme [139,140].
Jlo HegaBHEro BpeMeHU He ObLIO MPAMBIX JOKA3aTeNIbCTB TOTO, YTO 3Ta Tpynmna OeiaKoB
dbopMHpYET aMIIOWIHBIC arperaThl HEMOCPEACTBEHHO B KHUBBIX OpraHm3max 0e3
UCKYCCTBEHHOM cBepxmpoaykuuu. OJHaKo HEIaBHO aMWIOWJHAs Mpupoaa ObLia
nokazana mns (ubpumn Orb2, BbIENEHHBIX W3 TONOB Apo3oduia. C MOMOIIBIO
KPUODJIEKTPOHHOM MHKPOCKOIIUM OblJIa BOCCO3/aHa CTPYKTypa aMUJIOUIHBIX (GUOPHILI
ex vivo B BBICOKOM pazpemieHud [141]. ®ubpuimisl Orb2 1eMOHCTPUPYIOT TPEXITYUEBYIO
CUMMETPHIO, CXOJIHYI0 co cTpykrypoid AP40 [141]. Takum oOGpa3zom, OYEBHUIHO, UTO
aMUJIOUHAsl CTPYKTypa cama Mo ce0e MOXET U He SBISTHCS MPUYUHOU Pa3BUTHS
naronorud IIHC, w®w @14  NOOHMMaHUA  pEANbHBIX  NPUYUH  Pa3BUTHUSA
HEUPOJACTCHEPATUBHBIX aAMUJIOUI030B HEOOXOAUMO TiIyOOoKoe wu3ydeHue (¢(HakTopoB,
BIIUSIIOIIUX HA aMUJIOMIOTE€HE3 TOr0 UM MHOTO OesKa.

CPEB/Orb2 mnpencraBiasieT co00Oil HE €AMHCTBEHHBIM TpUMEpP aMHUJIOHUJIOB,
CBSI3aHHBIX C TpolieccaMu namsiTu. beimo mokaszano, uto 6enok FXR1, ygactByromuii B
Pa3BUTUHU AOJTOCPOYHOMN MAMSITH, IPUCYTCTBYET B MO3I€ KPBIC B COCTABE aMHJIOU THBIX
arperaroB. bosee Toro, ero npakTUYeCKH HE yJ1aBajIOCh JETEKTUPOBATH B MOHOMEPHOM
cocrosinud. OOHapy)KEHHBIC arperatbl JEMOHCTPUPOBAIM aMUIIOMIHBIE CBOWMCTBA.
FXR1 npencrasnsier co6oit PHK-cBs3biBaromumii 6€10K, 115 KOTOPOro MOKa3aHo, YTo B
aMusiouHoM opme oH criocobeH cBsizbiBaTh MPHK, 3ammmas e€ ot neiicteust PHKa3
[142]. BeposaTHo, TakuM 00pa3oM OH BIUSET Ha TpaHcisauio onpenenéHasix MPHK u,
KakK CJIeICTBUE, Ha TudepeHIInaIbHYIO SKCIIPECCUIO B HEHpOHaX. YUUTHIBAs TO, YTO B
mo3re Kpeickl FXRI1 oOHapyXuBaeTcss HCKIIOYUTEIBPHO B COCTaBE JETEPreHT-
YCTOMYMBBIX arperaroB, a Takxke To, uTo FXRI1 BakeH s peryadnuu maMmsTd U
AMOIMNA, MOXHO TMPeAnoyokuTh, 4To FXRI1 Takxke sBhsgercs (QpyHKIMOHAIBHBIM

amuiousoM. AmmiougoreHHbiii pparmenT FXR1 sBisieTcs BLICOKOKOHCEPBATUBHBIM Y
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MieKonuTaromuX [142], 4To MO3BOJIAET 3KCTPANOIUPOBATH MOJYYEHHBIE PE3YJIHTATHI
Ha OPTOJIOTH 3TOT0 OeJiKa y APYruX OPraHru3MOB.

ITo Bceil BepOATHOCTH, aMWJIOU/Ibl YYACTBYIOT B MpOILECCaX MaMSTH HE TOJIBKO B
HEPBHOW CHCTEME Yy XUBOTHBIX. AJIbTepHATHBHAs aMUJIOUTHAS KOH(POpPMAIUS MOXKET
HECTH OINpEACNICHHYI0 HWH(pOpMallMo, KOTOpas MOXKET TaK WIM HHaue ObITh
«aemudpoBaHay Ha KJIETOYHOM YPOBHE, I03TOMY HUCIIOJIb30BAHUE MTOJIOOHBIX arperaroB
JUIS  JOATOCPOYHOTO  XpaHEHHs HMH(OpMAIMM MOXET ObITh  YHUBEPCAIbHBIM
MEXAaHU3MOM, KOTOPBIH MOI MHOTOKPAaTHO M HE3aBHCHMO pEaJu30BbIBATHCA B
sosmonu. [IlpuMepomM Takoro MexaHu3Ma KIETOYHOM MaMSITH MOXKET SBISTHCS
CYILLECTBOBAHME TAK HA3bIBAEMBIX «MHEMOHOBY». JTO arperarbl 0enka Whi3 y npoxoxeit,
BO3HMKAIOIME B OTBET HAa HEYJAYHOE CIUSHHUE KIETOK ITPOTHBOIIOJIOKHBIX THUIIOB
CHapvBaHUsl W OCTAIOIIMECS B KIETKaX JPOXKEH Ha BCIO JKHU3Hb, KaK NaMATh O
nporeamnieM coOeiTuu [143]. B oTriMune OT MpHOHOB, MHEMOHBI HE IEpEIAIOTCS B
JIOYECpHUE KIETKU IpU JeleHUsAX. BrpodeMm, BO3MOXKHO, YTO H3BECTHBIE IPUOHBI
HUBIIKX 3YKapUOT TAK)KE MOTYT ABJISITHCS €IMHULIAMU HACJIEIOBAHUS TAaKOH «IIaMATH,
KOTOpBIE, OJTHAKO, YK€ MEePEeHOCAT MH(POPMAIUIO, HE OIPAaHUYMBASICH JKU3HBIO OJHOU

KJIETKH, HA MIPOTSHKEHUH MHOTUX KJIETOYHBIX MTOKOJEHUM.
1.2.2.6 AMusouabl, CBSI3aHHbIE C PA3MHOKEHHEM

B cTpykTypax, CBSI3aHHBIX C IOJOBBIM Pa3MHOXKEHHEM, HAIPUMEpP, B aKpOCOME
CIIEpPMAaTO30UI0B, OBUIN TaKXke OOHapykeHbl amuioubl. [lonararoT, uTo 31i GUOPUIIIBI
CIIOCOOCTBYIOT KOHTPOJMPYEMOMY BBICBOOOXKICHUIO OEJIKOB BO BpeMsl aKpOCOMHOM
pEaKIuy, KIIOUYEBOr0 COOBITHS B OIUIOAOTBOPEHHUH OOIUTOB, B IpoOIecce€ KOTOPOTO
COZIEP)KMMOE aKpOCOMBI H3JIMBACTCS HApPYXKy. AMUIIOWABI, OOpa3oBaHHbIE OelKaMmu
noarpynmnel CRES (Cystatin-related epididymal spermatogenic), takumu kak CRES,
CRES2, CRES3 u mucratun E2 (mCST E2), npucyTCTBYIOT B 3NUAUAUMUCE MBIIIN
[144—146]. Y uenoBeka B 3TOM e oprane oOHapykeHbl arperatsl nuctatuaa C (CST3)
[146,147]. Pons amunouubix arperatoB 6enkoB CRES 1o koHIIa He M3y4eHa, OJTHAKO
€CTh TPENANOJOKEHWEe, YTO OHU (PYHKIIMOHAILHO 3HAuYMMbl. Hampumep, oOmamaror

AHTUMHUKPOOHOM aKTUBHOCTHIO, HEOOXOAUMBI I aKPOCOMHOM peaKIuu, HOPMaJIbHOIO
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GYHKIIMOHUPOBAHUS JTM30COM B AMUAMANMUCE, a TaK)KE WUTPAOT POJb B CO3PEBAHHH
CIIEpMATO30UJIOB. B CeMEHHOW  JKHUJIKOCTHM  COJEpKaTcsi  aMWIOUAbl U
aMUJIOUA0MoI00HkIe (hUOpUIUIBI, oOpa3oBaHHbIE (PparMeHTamMu mnenTtuaa Qocdarassl
npoctatudeckor kucioTel (PAP) [148] u 6enkoB cemenorenuna (SEMG1 u SEMG2)
[149,150]. Takue GuOpHILIIBI, KOTOPBIE MEPBOHAYAIBHO OBLUIA UASHTU(PHUIIMPOBAHBI KaK
YCWINTENIW BUPYCHOM MH(EKIUU, CBI3BIBAIOTCS C MOBPEKIACHHBIMU CIIEPMATO30UIaMHU
U UMMOOWJIM3YIOT WX Il YHUYTOXKCHHS HMMMYHHBIMH KJIETKaMH. AMMUIIOWIHI,
oOpazoBannbie 6enkoM SEMG1, Takke 0OHapyKEeHbI TPU HEKOTOPBIX MATOJIOTHSIX.

B oomuTax MHOTMX TIO3BOHOYHBIX OOHApyXuBalOT Tena banpOuanm —
aMUJIOUO0NOI00HBIE OpraHesUIbl, COCTOSIIIIUE U3 MUTOXOHJIPUM, SHIOTIIA3MATHYECKOTO
perukynyma u PHK. benok Xvelo oOpasyeTr hbuOpmiuisipabie CeTH, U3 KOTOPBIX COCTOUT
MaTpHUKC 3TOro komnaptmenTa y X. laevis. Takue GpuOpuiLIbl CBA3BIBAIOT THO(IaBUH T
U ycTOWuMBBI K 00paboTke nerepreHtamu [151]. s OenkoB, ydacTBYIOIIUX B
dbopmupoBaHud O0OJOYKH OOILMTA y HACEKOMBIX, PHI0 M MIIEKOIMUTAIOIINX, TAKXKe
MOKa3aHbl aMWJIOWJHBIE CBOWCTBA. Pe3ynbTaThl JKCIEPUMEHTOB IO PACCESIHUIO
PEHTTEHOBCKUX JIy4ed TMO3BOJSIOT MPEANOJI0XKUTh, YTO aMUJIOUAHBIE CTPYKTYPBI
MPUCYTCTBYIOT B COCTaBe XOpHOHa 0abouku Antheraea polyphemus [152]. Crtout
3aMETHUTh, YTO 3HAUMTEIbHAS YaCTh aMUJIOMIHBIX CBOWCTB ObLIa MPOJEMOHCTPUPOBAHA
JUISL OTACNIBHBIX TENTUOB JTaHHBIX OEJIKOB, COOTBETCTBYIOIIMX YYacCTKY TaHIEMHBIX
noBTOPOB (CA-nientuaoB) [153,154]. B XopruoHe KOCTUCTBIX PhIO MPUCYTCTBYIOT OEIKU
rpynnel ZPB, otnenpHbie TEnTHAB KOTOPBIX TaKXKe CKJIOHHBI K (HOPMHPOBAHUIO
aMUJIOUAHBIX arperatoB [155]. AmuiouaHble CBONCTBA TOKa3aHbl W JJisi OEJIKOB B
coctaBe Onectsmiet obonouku (zona pellucida) oommra Miekonutaromux. benku,
BXOJSIAE B COCTaB ATOM OOOJOYKH Yy MBIIICH, JAEMOHCTPUPYIOT XapaKTEPHYIO
MOPGOJIOTHIO arperaToB in vivo, a TaKKe TUIHYHBIA JIJI1 KPOCC-B-CTPYKTYphl MATTEPH
mudpakiMy PeHTTEHOBCKHUX JIy4ei, U CIIOCOOHBI CBSI3bIBATH aMUJIONI-CHICITU(PUIECKUE
kpacutenu [156]. Ananorudable CBOMCTBA OBLIM TOKA3aHbI IS arperaToB MENTHIHBIX
dbparmentoB OenkoB ZP1— ZP4 uenoseka in vitro [157]. IlonararoT, 4To oOpa3oBaHue
aMUJIOUHBIX (UOPUIUT B 000JI0OUKAX OOIUMTOB U SMOPHUOHOB y Pa3IMYHBIX JKUBOTHBIX

CIIOCOOCTBYET 3alIUTEe OT IOBBIIIEHHOW TEMIEepaTypbl, MEXAHHUYECKOTO NABJICHUS U



33

APYTMX BHEIIHUX BO3JIECHUCTBUU. B smreparype TakKe ONMCaHbl CTPYKTypHBIE
KOMIIOHEHTBI KypHUHBIX OOLUTOB M 000JI04KH siiinia D. melanogaster, OKpaluBaroIuecs
aMUJIouA-crelpuaHbBIMU KpacuTessamu [158].

AmMunoniornoo0HpIe  O€TKM MOTYT JIEWCTBOBAaTh B KAaueCTBE pPETyJsTOPOB
KJIETOYHOTO IMKJIAa W BJIMATH HAa TOJOBOE pa3MHOXKEHUE Apoxoken. Tak, geTepreHT-
ycToWuuBbIe arperaThl Bo BpeMsa (a3el G1 Meloza dopmupyer Oenok Rim4 y
S. cerevisiae. JTO TpUBOAUT K pemnpeccun TpaHchasiuu nukiauHa Clb3  m
nocyenyroniemMy 3anycky neneHus. Pa3bopka arperatoB Rim4 3amyckaercs myTem

dbochopunupoBanus 3toro 6enka [159].
1.2.2.7 I'opMOHBI 1 AaMHUJIOUAbI

OGHapyxeHue OeNKOBbIX (UOPWILT B MeJlaHOCOMax, C()OPMUPOBAHHBIX OEITKOM
Pmell7, mno3Bomuino cBA3aTh TOPMOHBI C  (DYHKIIMOHATBHBIMU  aMUJIOMJAAMHU
miekonurtaromux. Crano u3BecTHO, uto Pmell7 B ammionnHoit ¢popme yyacTBYeT B
cunte3e MenanuHa [160]. Ilpu nDpoOTEOIUTHYECKOM paCHICIVIEHUHW H3TOro Oeika
oOpasyercs pparMeHT Ma, /Uit KOTOPOro NoKa3aHbl aMUJIOUIHbIE cBOMcTBa. K TOMy ke
€ro KOHBEpCHUsl B aMUJIOUJIHYIO (DOpMY MPOMCXOIUT HAa HECKOJIBKO MOPSIAKOB ObICTpEE,
Hexenu y AP uinu o-cunykiienHa [160—162]. Jlo cux mop HEW3BECTHO, KaKUe JOMEHBI
Pmell7 HemocpeacTBEHHO y4acTBYIOT B (DOPMHPOBAHUM AMUJIOMIHBIX (UOPUILT B
kierke [161-163]. MOXHO NpEanono)KnuTh, YTO PAa3NIUYHBIE MPOAYKTHI MPOTEOJIN3A
Pmell7 nmonBepraroTcst mpoueccy aMMIOUI0TE€HE3a Ha Pa3HbIX ATanax (HOpMHUPOBAHUS
MenaHocoM. [IpucyrcTByromue B kieTke GUOPUILIBI, TaKUM 00pa3oM, MPEeCTABISIIOT
co0O0l ClOoXHBbIE KoarperaTtsl U3 pasHbix (parmeHToB Pmell7 [164]. @opmupoBanue
KOMITJIEKCHBIX ~ arperatoB ®3 aMuJoWaHbIX (GuOpumn  Pmell7, mo-Bugmmomy,
oOecreynBaeT MakCUMaIbHYIO 3P(PEKTUBHOCTh CHHTE3a MEJIaHUHA.

Camu menTuHbIe TOPMOHBI TaKKe MOTYT (DOPMHUPOBATH AMUJIOWIHBIE arperarsl,
KOTOpbIE, KaK TMOJararT, XPaHSITCS B TaKOM BHUJE B CEKPETOPHBIX TpaHyiax. B
WCCIICIOBAaHMSIX TENTUIHBIX TOPMOHOB in vVitro 10 TENnTHUAOB IEMOHCTPUPOBAIH
CIIOHTaHHOE (POpPMHUPOBAHUE aMWIOWAHBIX GuOpw, a 31 TOPMOH NPUBOIUI K

oOpa3oBaHui0 GUOPUILT B MPUCYTCTBUU INIMKO3aMUHOTIIIMKaHa remnapuHa [165].
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BakHpIM  CBOWCTBOM aMWJIOMJIOB HEKOTOPBIX TOPMOHOB SBJISIETCA  HX
CIOCOOHOCTH OTAENATH MOHOMEPHI B YCIOBUSAX, COOTBETCTBYIOLIUX BBICBOOOXKICHUIO
NENTUI0B M3 CEKPETOPHBIX TpaHyn. K ToMy e aMHIIOuAbl TOJBKO CEMH TOPMOHOB
OKa3bIBAIOT TOKcHUYeCKWi A(pdext Ha knetku [165]. DTu HAOMIOACHUS IO3BOJISIOT
NPEANOJIOXKUTh, YTO AaMWIOUJbl HEKOTOPHIX TOPMOHOB JEHCTBUTENHHO MOTYT
BBITNIOJIHATH 3amnacaroiryro GyHKIHMIO B KJIeTKe. BiusHue aMUIIOMAOB IIIOKaroHa Ha
TOKCUYHOCTh 0Ka3aJi0Ch B JiBa pa3a cuiibHee APB40 [165], uTo moaTBepKIaeT JaHHBIE O
TOM, YTO aMUJIOUIBI TJIFOKaroHa MOTyT OBITh MaTtojorudeckumu [166]. JIpyroit ropMoH,
NPOJIAKTUH, OOHAPYKMBAIOT B COCTaBE aMUJIOMJIOB Y IMALIMEHTOB C afeHoMmou [167].
Panee ObLIM paccMOTpPEH OEJIOK CEMEHOTEINH, arperatbl KOTOporo 0OHApyKUBAIOT KaK
Opyu aMUJIOMI03aX, TaK U B HOPMAJbHBIX cIepMaro3oujax. Takum oOpazoMm, He
UCKIIFOYEHO 4YTO M aMUJIOMJBl HEKOTOPBIX JPYruX OEJKOB, OOHApYyKEHHbIE IpU
pa3IMYHBIX TMATOJOTUSX, B JICUCTBUTEIBHOCTH MOTYT TakXKe SBISITHCS WU

GyHKIMOHATBFHBIMU aMUJIOUIAMHU.
1.2.3 AMUI0MIBI C HEOJJHO3ZHAYHO! OHOJIOTHYECKOH POJIBIO

B HacTosmuii MOMEHT HET €QUHOTO MHEHUS T10 ITIOBOAY POJIU MIPUOHOB JPOKIKEH,
Bellb CYIIECTBYIOT MHEHHMS KaK B TIOJb3y, TaK W TPOTHB HMX BO3MOXKHOMI
dbyukuonansHOoCTH [168,169]. benku B cocTtaBe HEMEMOpPAaHHBIX OpPTraHENI TOXKE
CIIOCOOHBI 00Pa30BbIBATh AMHJIOUAHBIE arperarThbl, OTHAKO HE BCETa SICHO, SIBJISETCA JIU
3Ta 0COOCHHOCTh HEOOXOMUMOU i (PYHKIITMOHMpPOBAHUSA ITUX OenkoB. Tak, MHOTHE
OenKky, BXONAIIME B COCTAaB HEMEMOpPAHHBIX OpraHENT MOTYT OBITh CBSI3aHBI C
MATOJIOTHYECKUMHU COCTOSTHUMH, Hanpumep, ¢ BAC 1 HEeKOTOpPBIMU BHUJIAMU JCMEHITHH.
CymiecTByIOT CBelleHUS 00 arperanydd HEKOTOPBHIX (DEPMEHTOB U TMOPUHOB, OJIHAKO

GyHKIIMOHATbHAS 3HAYUMOCTB TOTO SIBJICHHS HE SICHA.
1.2.3.1 HemeOpaHHbIe OpraHe/Jibl M 0€JIKOBbIE arperarTbl

HememOpanHbie opraHesuibl IpeICTaBIsIOT COO0M JUHAMUYECKUE CTPYKTYPHI B
AOpe WM I[MTOIUIa3Me KIETKH, KOTOpble OOpa30BaHHBI CKOIJICHHMEM OOJIBLIOrO

KOJIN4YECTBA B3aI/IMO,Z[CI\/'ICTByIOH_[I/IX OMOJIOTHYECKUX MOJICKYII, BBIITOJIHATOIIINX
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cneruuuecknii  HaObop  ¢yHkiuid. OmnmcaHo  OOJBIIOE  KOJIMYECTBO  TAKUX
KOMIApTMEHTOB C pPa3HOOOpa3HbIMU KieTouyHbIMU (yHkumsmu [170]. Ilpumepamu
AJIEpHBIX HEeMEMOpaHHBIX OpraHeul SIBISIIOTCS SAPBIIIKO, Tenblla Kaxans, saepHbie
CIEKJIBl M TeJblla THCTOHOBOTO JIOKyCa. JTH OpPraHelibl WUrpaloT BaKHYIO POJIb B
npolieccax TPaHCKPUIIMU, co3peBaHus paznuuHbix BuaoB PHK, a Taxke Ouorenese
pubocom [171]. HuromnazMaruyeckrue HeMEMOpPaHHbIE OPTAHEIUIbl CBS3aHbl C TAKUMU
SBIICHUSIMU, KaK IMPOLIECCUHT, XpaHeHue u aerpananus 6enkoB u MPHK. IIpumepamu
TakKUX oOpraHemn ciayxar P-tempuna u crpecc-rpanynsl [170], a Takke HemTaBHO
oOHapyxeHHble A-Tenbia [172].

MHuorue HemMeMOpaHHbBIE OpraHesuibl Oo0pa3yloTcs B pe3yibTraTe (pa3oBoro
paszieneHusl KUIKOCTh-)KUIKOCTh, U TOTOMY O0JIaJIalOT >KUJIKOCTHBIMU CBOMCTBAMH.
Takoe (azoBoe pazjeneHue MPOUCXOAUT MPU B3AUMOJEUCTBUU OCIKOBBIX MOJICKYN U
OPUBOAUT K (DOPMUPOBAHUIO CTPYKTYP THUIMA «KUAKas Karuis». benku HeMeMOpaHHBIX
opranein, B3aumojeictByromue ¢ PHK, Bximrowator motuBbl pacnio3HaBanus PHK.
Baxnyto posb B (QopMHUpPOBaAaHUM HEMEMOpPAHHBIX OpTaHENI WIPalOT BHYTPEHHE
HEYTNOPSIOUYCHHBIE YYACTKHU, KOTOPHIE OMPEEISIOT CIIOCOOHOCTh 3TUX OCJIKOB BCTYMATh
B pa3HOOOpa3Hble MEXKMOJICKYJIIPHbIE B3aUMOJEHUCTBUS, NPUBOIALIME K (Pa30BbIM
nepexonam [173—178]. Takume ¢parMeHTsl 3a4acTyr0 00JaTal0T CHEIUDHISCKUM
AMUHOKHCIJIOTHBIM COCTaBOM C HM3KHUM pa3HoOoOpa3ueM u HazbiBatoTcs LC-momeHamu.
AMMWHOKHCIIOTHBIN COCTAaB y4acCTKOB, BHOCSIIMX BKJIaJ B (ha30BO€ pazjiesieHue, OOBIYHO
XapaKkTepeH Jis MPUOHHBIX JOMEHOB. [loaTOMy Takue y4acTKM 0OO0O3HAYAIOTCS Kak
npuoHono1o0HkIe [170].

[Tonarator, 4yTto OOBIYHO HEMEMOpaHHbIE OpraHe/Ibl Ha TMEPBBIX ATamax
dbopMHUpOBaHUS HE COIEPKAT arperaroB ¢ aMUJIOUIHON CTPYKTypoi. B nanpHelem B
NpolIeCCe  CO3PEBAaHUU  OTUX  OpraHel  MOSABISIOTCS  CHauyajga  JJaOuWIbHbIE
aMUJIOUONIOIOOHBIC arperaThl, a 3aTeM — CTaOMIIbHBIC aMUIOUIHbIe (puOpHILIer [179—
181]. Crout ormeTruth, uro npu BAC u 100HO-BUCOYHOM JESMCHIIMH HAOIIOAAIOT
oOpa3oBaHH€ aMUJIOUIHBIX (UOPHUIITT KOMIIOHEHTOB HEMeMOpaHHBIX opraneii. Bompoc
O TOM, SBJISETCSs JU (POPMUPOBAHUE AMIUIOMIHBIX (UOPWIT HEOOXOIUMBIM WIIH

MOOOYHBIM CBOMCTBOM paccMaTpUBaeMbIX OEJIKOB, 0 CUX MOp akTyajieH. K Tomy xe,
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arperaTsl, oOpa3yemMble HEMEMOPaHHBIMH OpPTaHEIAMH, OTIUYAIOTCS OT THUIUYHBIX
aMUJIOUIHBIX (puOpMIIT (B YaCTHOCTH, arperathbl psijia TaKMX OCIKOB YyBCTBUTEIHHBI K
BO3JICHCTBUIO BEICOKOW TeMIIEpaTyphl U neTepreHToB [182,183]).

PHK-cBs3pBatonuii 6emok FUS, ubm mytanTtHbie QopMmbl cBszaHbl ¢ BAC,
ydacTtByeT B (popmupoBaHuu P-Tenen, a Takxke CHocoO€H arperupoBaTh U aKTUBHO
B3aMMOJICUCTBOBATh C arperataMu Apyrux oenkoB [184]. 3a dopmupoBanue arperatoB
FUS otBeuaer ero LC-gomen. OTOT pparMeHT (U HEKOTOPBIE €ro y4acTKH) 0003HAYAIOT
RAC (ot Reversible Amyloid Core). Ilokazano, uto oH GoOpMHpPYET aMUIIOUIHbBIE
arperatel ¢ (QUOPWUISIPHONW CTPYKTYpOH inm Vitro W B3aUMOJCHCTBYET aMUJIOW/I-
CBSI3BIBAIOIIMMH Kpacurensimu [ 185,186].

SAnepubie pubonykieonporenHsl hnRNPA1 u hnRNPA2B1 ywacTtByroT B
npoueccunre rereposiaepuorn PHK u perymsiuun sxcnipeccuun reHoB [187]. MyTaHTHbIE
dbopMbl ATHX OENKOB, a TakKe TUKUM Tul, Gubpwmsytorcs in vitro. K tomy xe
MyTallid B MPUOHONOAOOHBIX JOMEHax, accouuupoBaHHble ¢ bBAC, yckopsioT
arperanuto 6e1xkoB hnRNPA1 u hnRNPA2B1 [188].

[Ipu uccnenoBanusix oOpasznoB mo3ra nanueHToB ¢ BAC U 100HO-BHCOYHOM
noOapHoil nerenepauuen (JIBJIJ]) Obuin oOoHapyxensl arperatsl PHK-cBsi3pIBaromero
oenka TDP-43. Dtot 6enok He GopMUpPYET JIMHHBIX aMIJIOUIHBIX (GUOpUILL, 00pasys
P 3TOM JIMIIIb HEOOJIBIIINE OJIMTOMEPHI, CIOCOOHBIC MHIYIIMPOBATH arperaiuio IPyrux
aMUJIOUJOTEHHBIX OenkoB, Hampumep, AP [189]. Ilpu cTpeccoBBIX BO3AECUCTBUSIX
TDP-43 oOnapyxuBatoT B coctaBe crpecc-rpanyin. Crtout orMmeruts, uro TDP-43
OJINTOMEPHU30BAThCS MYTEM B3aUMOJECHCTBUS MOHOMEPOB dYepe3 uX N-KOHIIEBBIC

YY4acTKU. DTOT MPOIECC HEOOXOAUM ISl OCYIIECTBIICHHUS OMOJOTMYECKON (PYHKIUU

TDP-43 [189].
1.2.3.2 Ilopunbl ¥ pepMeHTBI, CIOCOOHBIE K arperanuu

[TopuHbl MOTYT (OpMHUPOBATH AMWJIOUAHBIE M aMUJIOUJONOAOOHBIE arperarsbl.
TakumMu TPOKAPUOTUYECKUMH TOpuWHaMu sBisitorcst Oenku RopA, RopB, OmpA u
OmpC [190-193]. V sykapuoT B KauecTBe MpuMepa MOKHO MpuBecTtd Oenok MSP2

[88]. Ha pmaHHBIE MOMEHT TpPYJIHO CKa3aTh, HACKOJBKO PACIHPOCTPAHEH IIPOIECC
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arperaiyy IMOPUHOB, a TaKkXke TO, K KakoMmy 3(ddexTy 3To mpuBoauT. Pe3ymbraTh
OronHpOpMaTHIECKIX UCCIe10BaHUI MO3BOJISIOT MPEANOIOKHUT, 4TO
MOCJIEIOBATEILHOCTH OEJIKOB, 00pa3yloluX BHYTPEHHIOD YacTh TOPBI, MOTYT
IPUBOJIUTH K (POPMUPOBAHUIO aMUJIOUIHBIX CTPYKTYp [194].

CymiecTByOT cBeleHUsI 00 arperalud Takux (GEpMEHTOB, Kak, Hampumep,
nporeas3sl Yghl [195] u tpancrinyramunasel TGZ [196]. K arperanuu Takxe criocoOHbI
oenku CarD, HelD u RepA [197-202].

Takum o0Opa3oM, MOXHO CKa3aTh, YTO aMUJIOUJIBI U AMHJIOMIONOAOOHBIE OEIKU
BCTPEUAIOTCS y CAMbIX Pa3HBIX OPTaHU3MOB, MPH 3TOM CHEKTP WX (PYHKIHI TOBOJIHHO
oOmuped. C fapyrodl CTOPOHBI, aMUJIOHMIBI MO-IPEKHEMY SIBISIOTCS NPUYUHON
OOJBIIOTO KOJHWYECTBA 3a00JIeBaHUM JKMBOTHBIX U 4YesoBeka. [loaToMy MOXHO
3aKJII0YUTh, YTO HM3YUYEHHE KaK YK€ HM3BECTHBIX aMUJIOMJIOB, TaK U TMOUCK HOBBIM,
CKJIOHHBIX K arperamuu OeJKOB, SBISIOTCS BaXKHBIMU 3a/layaMd B COBPEMEHHOM
OMOJIOTMH U MEAMIIMHE.

Marepuansl 0 MHOTOOOpa3uu aMUJIOUJOB OMYOJIMKOBAaHbI B OO30pHOI CTaThe
«AMWIOUIHBIE U aMUJIOMAONOAOOHBIE arperatbl: MHOTOOOpasue M KPU3UC TEPMUHA»
BMmecTe ¢ Tpyounmnoit H.I1., bapoutoseim FO.A., MaTteeenko A.I'., XKypasneBoii I'.A. u
bonnapessim C.A.

1.3 a-CunykienH

CHUHYKIJIEUHBI TIPEJCTABISIOT CO00M HeOOJbIIME ¥ PACTBOPUMBIC OEIKH,
IIPUCYTCTBYIOIIME B OCHOBHOM B HEPBHOW TKaHHM M B HEKOTOPBIX OMyXOJIsIX. B oTinnuune
OT MHOTHX JpYyrux O€IKOB, OHM OOHapyX eHbl TOJbKO y mo3BOHOuUHbIX [203]. K
HACTOALIEMY BPEMEHU HICHTU(UIIMPOBAHBI TPU YJI€HA CEMECTBA CUHYKIIEUHOB: O-, [3-
u y-cunykieun [203,204]. Mutepec k 3TUM OeiKaM BBIPOC MOCJHE TOro, Kak ObLia
oOHapyXeHa CBs3b (KaKk TEHeTHYecKas, TaK W HEHpOIaToJOTUYecKas) MEXIy
0-CHHYKJIEMHOM U 0ome3nbio [lapkuncona [205].

a-CUHYKJIEUH SIBJISIETCS XOPOUIO PacTBOPUMBIM Oe€lKoM, coctodmuM u3 140
AMUHOKHCIIOTHBIX OCTAaTKOB, M MMEIOIIMM pPAa3BEPHYTYI0 HATHBHYIO KOH(MOpPMAIUIO

[206,207]. B coctaBe »TOrO O€JIKAa BBIACISIOT TPU JOMEHa: N-KOHIEBYIO 00JacTh
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(octatku 1-60), koTopas cnabo CBA3BIBAETCS C KJIETOYHON MeMOpaHOii, THIpO(OoOHYIO
o0nactb (octatku 61-95) u C-xoHIIEBYIO THAPODUIBHYIO 007aCTh, 0OTaTyIO MPOJIMHOM
(ocratkn 96-140) [207,208]. B cTpykType d-cuHYKJIeHHa BbIIAEHSAIOT AoMeH NAC
(HeaMUJIOUTHBIA KOMIIOHEHT) B MO3UIMAX 61-95, KoTopslil ObUT WACHTU(PUIIUPOBAH B
aMUJIOUAHBIX OJISAIIKaX B TOJOBHOM MoO3re ¢ OonesHbio Adgblrerimepa [209].
NAC yyactByeT B arperauud U (GOpMUPOBAHHUU Kpocc-B-cTpyKTyp. o-CUHYKIEHH

IIMPOKO PAaCIpOCTPaHEH B MO3I€ U JIOKAJIM30BaH B MPECHHANTUYECKHX TEPMHUHAIAX

[207,208].
1.3.1 OyHKUUH 0-CHHYKJICHHA

W3BecTHO, UTO O-CHMHYKJIEHMH TPEACTaBiIsAeT Cco00il  Oenok, KOTOpBIH
CUHTE3UPYETCS B KIETKE B (PM3HOJOTMYECKHUX YCIOBHUSAX, OJHAKO BCE (DYHKIHMH 3TOTO
Oenka 710 KOHIIA HEe u3y4eHbl. Hanbosee Ba)KHBIMU U3BECTHBIMUA (QYHKIIUSAMHU SIBIISIOTCS
CHW)KEHHE aronTo3a B jaodamuHepruyeckux Hedponax [210], mpeaoTBpaiieHue
OKHCJICHHSI HEHACBIIICHHBIX O KUPHBIX KHCJIOT [211], perymaums TpaHcnopra
CUHAIITHYECKUX BE3UWKYJ Ha MPECHHANTUYECKUX TepMuHamsax [212], ywactue B

dbopmupoBanuu komiiekca SNARE [213] u knatpuH-3aBUCUMOM 3H1o1uTo3¢e [214].
1.3.2 Arperauusi 0-CHHyKJICHHA

HecmoTpss Ha MHOTrOYMCIIEHHBIE HCCIEIOBAaHMS, CTPYKTypa O-CHHYKJIEHHA B
(U3MONIOTMYECKUX YCIOBUAX oOcTaeTcsi HesicHoM. Cuuraercs, 4YTO O-CHUHYKJIEHH
IIPEUMYLIECTBEHHO BCTPEYACTCs B LMTO30JIE B BUJE HEYNOPSALOYEHHOIO MOHOMEpA
[215]. bpuio mnoka3aHO, 4YTO K HENPAaBWIBHOMY CBOPAYMBAHMIO M arperanuu
0-CUHYKJICHHA N Vitro MOTYT IIPUBOJUTH PA3JIUYHBIE YCIOBHUSI, TAKAE KaK KHUCIOCTHOCTD
cpensl [216], moBblieHne Temmneparypsl [217], «MonekynspHbIA KpayauHr» [218],
HaJIM4Me€ MOHOB METAJJIOB (TaKMX KakK allOMUHUN, MEIb, KeJIe30, KoOaIbT U MapraHel|
[219]), opranuueckux pactBoputenei [220], mectuunmoB [221] U o-CHHYKJIEUH-
cBsI3bIBarONMX OenkoB [222,223]. Kpome Toro, Ha HEHPOTOKCUYHOCTh M CKJIIOHHOCTH K
arperalMd  O-CHUHYKJI€HMHA MOTYT BIHATH [OCTTPAHCISIIMOHHBIE MOAU(DUKAIIIH.

K takum moaudukanusm otHocsT hochopunupoBanue [224,225], yOUKBUTUHUPOBAHUE
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[226], nutpoBanue [227], cymounupoBanue [228], nmporeonu3 [229] u N-koHIEBOE
anetmnpoBanue [230]. Cpeau arperatoB O-CHHYKJIEHWHA, OOHApYKEHBIX B TEJbLAX
JleBu, okomno 90% dochopunupoBansl mo octatky cepuna 129 (PucyHnok 4), mostomy
runepdochopunrpoBanue S129 o-cuHyKIenHa pacCMaTpUBAaeTCA KaK MaTOJIOTUYECKUI
npu3Hak Oone3nu [lapkuHcoHa u apyrux cuHykienHonatuid [231]. OpHako HEsICHO,
CTUMYJIUPYET WU MPENSTCTBYET POCPOPUINPOBAHUE O-CUHYKJIEMHA €r0 arperaiuu, a

TaKke COCOOCTBYET JIU OHO €ro HeMpOTOKCUYHOCTH [232].

AMduUNaTUYEeCKKi rmapodobHbIi KncnoTHbIn
[oMeH JOMEH OOMeH
95 140
A30P E46K | [ A53E S87 S129 Y136
AS3T
H50Q Y133
G51D CanTbl hochopunmpoBaHms

AMMHOKUCNOTHbIE 3aMEHbI,
BbI3BaHHblE MyTauusmMu B reHe SNCA,
accoUMMPOBaHHBIMUK C aYTOCOMHO-AOMUHAHTHbLIMK
dopmamm 6onesHn MapKMHCOHA

NN ’vg_\mo

Y.

Pucynox 4. Crpykrypa o-cunykjeunHa. IlocinenoBarensHocTh Oenka u3 140
AMUHOKHCIIOTHBIX OCTaTKOB MOYKHO Pa3/IeTUTh Ha TPU OTACIbHBIX JoMeHa. N-KOHIIEBOI
am(puaTuIecKuii TOMeH (CUHUN) COACPKUT aMHUHOKHUCIOTHBIE 3aMeHbl (A30P, E46K,
H50Q, G51D, AS53T, AS3E), BbI3BaHHbIE OCHOBHBIMH MyTalnusMu B reHe SNCA,
CBSI3aHHBIMH C  ayTOCOMHO-JIOMHHAHTHBIMH  Qopmamu Oone3nu [lapkuncoHa.
N-KoHIIeBasi 001acTh CKJIOHHA K 00pa30BaHMIO CIIUPAIM U OTBEYAET 3a CBS3bIBAHUE C
MeMOpaHoil.  I'mapodoOHbBII  OMEH, COOTBETCTBYIOUIMH  He-B-aMHIOMAHOMY
komrnoHeHTy Ossimiek (NAC), oTBeuaeT 3a arperanuio O-CHUHYKJIEHMHA (3KEJITHIN).
C-xoH1IeBOM JOMEH (KpacHBIM) 00pa3yeT KHUCIBIA «XBOCT», COJEpXKaIIuid OCHOBHOM
cailt ¢dochopunupoBanuss S129. C-kOHIIEBOH JOMEH MOIYJIUPYET arperamuro
0-CHHYKJIEMHA. AfgantupoBaHo 1o [233].

MucceHc-MyTaluy, MNPUBOMSIINE K aAMUHOKHCIOTHBIM 3aMeHaM B N-KOHIIE
(AS3E, A53T, A30P, E46K, H50Q u G51D) (PucyHok 4), KoppeIupyroT ¢ ayTOCOMHO-

JOMHWHAHTHBIMHU q)OpMaMI/I 00JIe3HU HapKI/IHCOHa, B TO BpEMsd KaK AYyIUIMKAIUA H
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Tpurukanus reia SNCA, kak ObLIO MOKa3aHO, BBI3BIBAIOT IMAPKHMHCOHU3M C PAHHUM
HayajioMm [234]. BapuaHThl 0-CHHYKJIEHMHAa C 3aMEHaMH pa3IU4aroTcs TOJIBKO
HECKOJbKMUMH aMUHOKHCJIOTHBIMU OCTaTKaMU, HO ATO TMPUBOJUT K 3HAYUTEIbHBIM
U3MEHEHUSIM X KOH(OpMallMU U TUITY 00pa3yromuxcs arperatos [235].

OnuromMepHsbie arperaTbl MOTYT OBITh pa3/ieleHbl HA aKTUBHbIC U HEAKTHUBHbBIC, B
3aBUCUMOCTH OT TOTO, NPHUBOJAAT JM OHU K OOpa30BaHUIO 3pEJIbIX aMUJIOUIHBIX
¢ubpunn, wuau  ¢GopmupyoT amopduble, HepUOpMIUIApHBIE oOpa3zoBaHusi [236]
(Pucynok 5). K ToMy Xe, HEsICHO, SIBISIOTCS JIM HU3KOMOJIEKYJISIPHBIE OJIUTOMEPHI
O-CHHYKJIEMHa 0oJjiee TOKCHYHBIMHU, HEXEIH 3penble (uOpusuibl. Tak, M3BECTHO O
CIJILBHOM TIOp@XCHHH J0(aMUHEPTUYECKMX HEWPOHOB YEPHOM CyOCTaHIMH Y
TPAHCTEHHBIX JKUBOTHBIX, MPOAYIUPYIOIIMX BapHAHTBl O-CUHYKJIEHWHA, KOTOPHIC
00pa3yloT KoJiblieBble/IopooOpasubie onuromepsl (Hampumep, ES7K u E35K), Torma
KaK BapuaHThI Oeka, ObICTpo (opMupyromiue GpuOpULIbl, ObUTH CPAaBHUTEIHLHO MEHEE
TOKCUYHBIMH [237]. MOXHO MpenAnonoXuTh, YTO BapUaHThl, oOpasyrouue GuoOpUsIIbI,
MOTYT aKTHBHO PEKPYTHPOBATHCS B Tenblia JIeBH B arpecoMOno00HbIE CTPYKTYPBI, UTO
IpeJoTBpallaeT UX B3aUMOJEHCTBUE C JIPYTMMH LUTOIJIA3MaTHYECKUMH OelKaMu, a
TaKXKe BpeaHoe Bo3aeciicTBUEe Ha kieTky [238,239]. Crour Takke OTMETHTh, YTO B
TOJIOBHOM MO3r€ M CIIMHHOMO3TOBOM >KHJIKOCTH MAallMUEHTOB C CUHYKJIEMHONATUSAMHU
OOHapyKMBaIOT MOBBILICHHE YPOBHS OJMIOMEPOB O-CHHYKJIEHMHA MO CPaBHEHHUIO CO

310pOBbIMU JTH01bMU [240].

=

HeakTuBHbIE

MoHoMepbl
ONIMroMepbl _

w & ..._(_ %#
L Hykneauwms DnoHraumsa

AKTUBHbIE
O/INroMepsl AMUNOUAHbIE
ubpunnsbi

Pucynok 5. Cxema o00pa3oBaHMsi aKTHBHBIX M HEAKTHBHBLIX OJUIOMEPOB
o-cuHYKJenHa. MoaudunupoBaHo u3 [236].
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Pe3ynbTaThl 3KCHNEPUMEHTOB HA KUBOTHBIX MOJENSIX MU KYJIbTypax KIETOK,
BKJIIOYAs KYJbTYphl HEHPOHOB, YKa3blBAIOT HA IMATOTEHHYIO pOJb arperamuu
0-CUHYKJIEMHA, KOTOpas MPUBOJMUT K HAPYUICHUIO CHHANTHYECKOW mepenayu, padbote
MUTOXOHJIPHHA, CTPECCY SHIOIUIA3MATUYCCKOTO PETHKYJIyMa, BBI3BIBACT N1E(DEKTHYIO
ayrodaruio, HEMpPOBOCMAJIICHHE M OKUCIUTENbHBIA cTpecc [241,242]. Taxxke ObLIO
BBICKA3aHO TNIPEIOJIOKEHUE, YTO arperamus o-CMHYKJIeHMHa B MPECHHANTUYECKUX
OKOHYAaHMSX BIuseT Ha cOopky komiuiekcoB SNARE, cHmkas, Takum o0pa3om,
3 PeKTUBHOCT, BBICBOOOXKIECHUS Jodamuua [243]. bonee TOro, HEKOTOpHIC
CHHANTUYECKHWE OCJKM M PELUenTopbl HEHpOoTpaHCMUTTEpOB (Hampumep, NMDA-
peuenTopel)  ObUIM  MACHTU(GUUMPOBAHBI KAk  MpeAnojaraéMbple  MapTHEPHI
B3aUMOJICHCTBUA O-CHHYKJIEHWHa [244], 4YTO MO3BOJISIET [ONYCTUTh YYacTHE O-
CUHYKJIEMHAa B  pa3JIMYHbIX  3a00JIeBaHUAX, CBA3AHHBIX C  HapYIICHUSIMU
HelpoTpancMuccud. Tak, HaMHU OBUIO TMOKAa3aHO, YTO O-CUHYKJIEHH KOarperupyer ¢
oenkom NOSIAP, omocpenoBanHo B3aumojeicTBytonuM ¢ NMDA-peuentopamu

[245].
1.3.3 IIpuoHono100HbIE CBOIICTBA O-CHHYKJIEHHA

TIpHOHBI NPEACTABIAIOT cO60il MH(EKIMOHHbBIE areHTHI, B KOTOPBIX 6eok PrP™> ¢
M3MEHEHHOW KOoH(opMalmend peKpyTUpyeT U mpeoOdpa3yeT CBOM HOPMAaJIbHBINA aHAJIOT
PrP, cosnmaBas TakuM oGpa3’oOM CaMOPACIPOCTPAHSIONINECS OENKOBBIE YACTHIIBI C
HEIMPaBWIBHOMN YKIIAJIKOM, KOTOPhIE MOTYT MEpPEIaBaThC OT KIETKH K KieTke [35,246].
B nocnennue rogpl ObLIO BBIABUHYTO MPEANOIOKEHUE, YTO HEKOTOPbIE aMUJIOUIAHbIE
OCJKK, TO-BUAUMOMY, HMEIOT  AHAJOTUYHBIM  MPUOHOMOAOOHBIA  MEXaHU3M
pacnpocTpaHEeHUsl, CPeId KOTOPHIX o-CHHYKIJIeUH [247,248], B-amumnoun [249], tau [250]
Y XaHTUHTTUH [251].

B coorBerctBUM ¢ Mozenbio bpaaka, HelpomaTosoruueckas CTaius OOJIC3HH
[lapkuHCOHA ciemayeT CTPOro CTEPEOTUIHOMY W IPOCTPAHCTBEHHO-BPEMEHHOMY
porpeccupoBaHuio martojoruu JleBu, mpenmnosnaras paclnpoCTpaHEHUE HENpPaBUIbHO
CBEpHYTOTO O-CHHYKJIEMHA 4Yepe3 YsI3BUMbIE HEWPOAHATOMUYECKH CBSI3aHHbIC IyTH

[252]. IlepBoHauanbHO JOKa3aTeNbCTBA, MOATBEPKAAIONIME  IPUOHOIMOAOOHOE
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pacnpocTpaHEHUE O-CHHYKJIEWHA, ObUIM TIOJYYeHBI B pe3yjbTaTe HAOIIOJCHUS 3a
arperanuei 0-CUHYKJICUHA B TPAHCIUIAHTUPOBAHHBIX AMOPHUOHATBHBIX
Me3dHIepalbHBIX TMPEIIICCTBEHHUKAX HEUPOHOB Yepe3 HECKOJbKO JIET TMOcie
TPaHCIUIAHTALIMM W TIpeAnojiarajiyd Iepefadyy mnaToyiiorud JleBu oOT Xo03siMHA K
TpaHciianTary [253,254]. C Tex mop HaKOIUICHHBIC JaHHBIC TTOKa3aId, YTO HEOOJIbIIINE
arperaTtbl (CEMEHa) O-CHHYKJIEWHA, MOJIyYCeHHbIE M3 PEKOMOMHAHTHOTO Oelika WM
JIN3aTOB, MOJTYYCHHBIX U3 TMOPAKEHHOTO OO0JIE3HBIO MO3Ta, MOTYT PacIpOCTPAHATHCS B
MIPUOHOMOI00HO MaHepe B HEMPOHAIIbHBIX KJIETKaX M B TpbI3yHax [247,248,255].
HexoTopblie ucciaenoBaHus MOKA3bIBAIOT, YTO O.-CUHYKJIEUH MOXET MepPeIaBaThCs
OT KJETKM B KJIETKY. BeloK ¢ MOMOIIbI0 BE3UKYJT MOXET TPaHCIIOPTHUPOBATHCA W3
KJIETKH TyTeM OHK30IMTO3a C MOCIEAYIOIMUM BBICBOOOXKIeHUEM [256]. EcTh Takxke
HEKOTOPBIE HCCJICIOBAHUSI, B KOTOPBIX YTBEPXKIACTCS, YTO O-CUHYKJIEHUH MOXKET

pacpoCTpaHsAThCA MKy KJIeTKaMu o100HO rpuoHam [257,258].
1.4 buonndopmMaTuyeCcKuii MOMCK MOTEHIHAIbHO AMUJIONIOTEHHBIX 0€JIKOB

B nwureparype oTMeuaroT, UYTo creuu(pUUecKue IOCIeI0BATEILHOCTH B
aMUJIOUTHBIX OeNKkax, Ha3bIBaGMbIC «TOPSYMMU TOYKAMH», MOTYT JIEHCTBOBATh Kak
ceMeHa amuioujaoreneza [259,260]. Unentudukanus >Tux obiacTedl MOXET MOMOYb
MOHATh OMONOTHYECKYI0 (YHKIMIO 3TUX OENKOB. AHAJOTHYHBIM 00pa3oM H3ydeHUE
3¢ (HEKTOB TOUCUHBIX MyTAIMi HA aMUJIOMIOTCHHBIC OSTKY MU TENTHIBI TPEACTABIISCT
HHTEpeC C OWOJIOTMYECKONH TOYKHM 3peHus [259]. VYuuThiBas pemarIyr poJib
aMUJIOUIHBIX OCJIIKOB BO MHOTHUX 3a0OJIeBaHMSIX, OYEHb Ba)KHA IPABHIIbHAS
UACHTUGUKANSA W TPOTHO3UPOBAHUE AMUJIOHUIHBIX OCIIKOB, WX «TOPSYMX TOUCK» U
BIIUSIHAE MyTaIlUi Ha MX aMUJIONIOTC€HHOCTb.

Nnentudukarus O€NKOB, CMOCOOHBIX 00pa30BBIBATH aAMUJIOUIbI, C IOMOIIBIO
OMOJIOTUYECKUX U OMOXUMUYECKUX METOJIOB TpeOyeT MHOTO BPEMEHHU M CpeacTB [261].
Jlnst  ymporeHWss — TOMCKa ~ HOBBIX  aMHJIOMJIOB ~ MOKHO  HCIIOJBh30BaTh
ononHpopMaTHUYeCKre MOAXOABl. TeM HE MeHee, BBIYUCIMTEIILHOS MPOTHO3UPOBAHHE
aMUJIOUJIOTCHHBIX OCJIKOB M MX CHEIU(PUIECKUX «TOPSINX TOYEK», OTBETCTBEHHBIX 3a

arperauuvio, a TakKKE BIMAHUC TOYCYHBIX MyTaHI/Iﬁ Ha aMHUJIOMAOICHHOCTD IMPEACTABIIACT
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co0O0# CIOXHYIO 3a/1auy, MIOTOMY YTO OEJIKH, 0Opa3yIolue aMIIONIAbl, Majlo CXOXH B
MOCJIEA0BATEILHOCTH U CTPYKTYPE.

B nurepatype  omucaHbl  pa3HOOOpa3HbiE ~ METOJbI  UACHTU(UKAIUH
aMUJIOUJIOTCHHBIX OCNKOB. B 00mux yeprax mX MOXKHO pa3leiuTh Ha JBE TPYIIIIHI,
OCHOBAHHBIC HA aHAJU3€ CTPYKTYPHBIX JaHHBIX, WM IOCJIEI0BATEILHOCTH OENKOB.
Meronel mnepBoi rpymmbl, Takue kak Aggrescan 3D [262] u AggScore [263]
UCIIOJB3YIOT TpeTuuHyto 3D-cTpyKTypy Oenka s npenckazanusi. OqHAKO OHU UMEIOT
HEJIOCTATOK, CBSI3aHHBIM C TEM, 4YTO TpETUYHas CTPYKTypa Oejka JoJkHA ObITh
JOCTyIIHA, a TMOJydeHne ee TpeOyeT OONbIIMX 3aTpaT BPEMEHH U CPEJICTB.
[IporHo3upoBaHre aMUJIUIOTC€HHOCTH OEJIKOB C HCMOJb30BAHUEM CTPYKTYPhI MOXKET
CTaTh OyTBHUIOYHBIM TOPJBIIMIKOM TPH KPYMHOMACIITAOHOM OTOOpE KaHIUJAAaTOB
aMuNIouAHBIX OenkoB. CrenoBaTenbHO, Oo0Jiee IIMPOKO MCIOJIB3YIOTCS METObI,
OCHOBaHHBIE Ha TIOCIIEJIOBATEIBHOCTH OCIIKOB.

Anroputmbel  AGGRESCAN [264,265], FoldAmyloid [266] mnpencka3siBarOT
aMUJIOUJOTEHHOCTh, TMOJIarasiCh Ha CKJIOHHOCTh K arperaiud OTAEIbHBIX OCTaTKOB B
noymnentuaHoi nenu. Zyggregator 1 TANGO ucnons3yloT B aHalM3€ CKIOHHOCTh K
arperalii WHJIUBUAYAJIbHBIX AMUHOKHUCIOTHBIX OCTATKOB JiJii IPOTHO3UPOBAHUS
aMUJIOUJIOTeHHBIX OenkoB. Waltz ucnonb3dyer mHGOpPMAIUIO U3 OIEHOYHBIX MAaTpPHII,
cneruuunbix g nosunuu (PSSM, position specific scoring matrices), (usuko-
XUMHUUYECKUX CBONCTB aMUHOKHUCIOT M CTPYKTYp, MOJy4eHHbIX u3 mporpammbl FoldX
JUUIS. OLIEHKHM TEeKCaleNnTHA0B Ha OCHOBE UX aMujougoreHHocTdu [267,268]. APPNN —
OCHOBAHHBIM HAa HEWPOHHOW CETH AMUJIOMIHBIA MPEICKA3aTeNlb, KOTOPBIA MCIOJIb3YET
OMOXUMHUYECKUE U (PUBUKO-XUMUUYECKUE CBOMCTBA aMUHOKUCIIOT [269].

[Iporpamma ArchCandy npuHMMaeT BO BHHMaHHE TE€OMETPHIO OOpa30BaHUS
bubpumisl [10]. Anpo amunouanoit Gudbpuasl Gopmupyer B-apkaagy — OO0bIIOE
KOJIMYECTBO CJIOKEHHBIX JpPyr Ha Jpyra [-apok, KOTOpbIe CTaOMIM3UPOBAHbI
BOJIOPOJIHBIMU CBSI3SIMU M OOPa30BaHBI IBYMs -IIETISIMH, COOOIIAIONTUXCS TTOCPEICTBOM
netinu. ArchCandy omnpenenser BEpOSTHOCTh 0Opa30BaHUs TaKUX MOTHUBOB C Y4ETOM
AMUHOKHCJIOTHOW TIOCTIEZIOBATEIbHOCTA. B amMuiIougHbIX arperatax [-apkd MOTYT

o0pa3oBbIBaTh JMOO OJUMHOYHBIE [-apKaJHble CTPYKTYphI, JHUOO CEpNAHTUHBI —



44

B-CTPYKTypbl C HECKOJBKHUMH COCEOHUMH [-apkamu. Pesynbratom pa3paOoTku Asis
BOCCO3/IaHUSI BO3MOKHBIX [3-CEpHaHTHHOB M3 OTICNIBHBIX [-apokK, MpeacKazaHHBIX

nporpammoit ArchCandy, ctan unctpyment BetaSerpentine [270].
1.5 AnanrtepHbliii 0ejiok cuHTa3bl okcuaa azora 1 (NOS1AP)

1.5.1 CunTe3 okcHAa a30TAa U €ro poJib B NATOPU3NOJIOTHH ICUXUIECKHX

3200J1eBAHUM

B mnameli naGopatopum ObU1 TpoBeaeH OuoMH(OpPMATUYECKUH aHaIu3 ¢
nomoibio nporpammbl ArchCandy, B pe3ynbrare KOTOPOTro ObLIO MpelICKa3aHO, YTO
oenok NOSIAP (taxke m3BecTHbIE Kak CAPON) MOXET SBIATHCS MOTEHIIHAIBHBIM
aMUJIOUJIOM, B3aUMOJCHCTBYIOIIMM C O-CHHYKJIEMHOM. AJANTEpHBbIA OEJIIOK CHUHTAa3bl
okcuga azora 1 (NOS1AP) sBnsercss uuto3oibHbIM. OH CBSI3BIBAET HEUPOHAIBHYIO
cuHTazy okcuga azora | (nNOS/NOS-I), u Tem camblM y4YacTBYeT B pEryJsILIUU
obpazoBanus okcuaa azora (NO). NO npencrapiseT codoii ra3000pa3HbIi XUMUUECKUT
MECCEH/[)KEpP, BBIMIOIHSIOMUNA HECKOIbKO (YHKIIMH B opranu3me uyenoBeka [271].
Cunraercs, 4YTO B LEHTpaldbHOM HepBHOM cucteme NO  ydacTByeT B
HEHPOTPAHCMHUCCUHU, HANPUMEpP, PErylIupys OHOCHHTE3 HEUPOTPAHCMHUTTEPOB U
JEUCTBYSI B KAUECTBE PETPOrPaHOTO MECCEH/KEepa B TIyTaMaTePruueCKuX CHHAIcax
JUIs1 00JIeTYeHUS ITTUTEILHOTO MMOTeHIMpoBaHus [272,273].

NO cunresupyerca u3z L-apruanHa NO-cuntazamu (NOS). CymiecTByOT Tpu
ocHOBHbIE  (opMbl sTOrO0  depmenta: HeupoHampbHas NOS  (nNOS/NOS-I),
unaynupyemass NOS (iNOS/NOS-II) u suporennanbaas NOS (eNOS/NOS-III). Ouu
koaupyrotcs renamu NOS1, NOS2 n NOS3, cootBercTtBeHHO [274,275]. IlokazaHo, 4to
nNOS B3aumopeiictByer ¢ agantepHbiM OeiakomM NOSIAP (koaupyeMbIM TE€HOM
NOS1AP) [276,277], kotopsiii cBsizbiBaeT nNOS ¢ apyrumu 3¢ deKTopamu, TAKUMH Kak
Dexrasl u cunancun [278]. Ilpoaykius W akTUBHOCTh pa3audyHbix ¢Gopm NOS
CUMTACTCS] BBICOKOCTIEIIM(PUYHON B 3aBUCHMOCTH OT THIIA KIETKH, a TakKe OHa
JIOTIOJIHUTENIHHO MOJIBEPKEHA BIUSHUIO YCIOBUN OKPYXKAIOIIEH Cpeibl, YTO MO3BOJISET

00BsACHUTh MUpokuil cnektp ¢ynkuuid NO [279,280]. M3-3a KOpOTKOro nepuoja
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nonypacnaga NO in vivo, moxkazarensimu aktuBHoctTh NOS cuuTtaior ero Oosee
YCTOWUYMBBIE METa0oMuThI, Takue Kak HUTPUTH (NO,—) u HuTpathl (NOs—), KOTOpHIC
yacTo 00beuHsAI0T Kak NO-metabonutsl (NOy-) [281].

B nocnennue ronapl nepenady cursanoB NO n3yyanu ¢ TOUKU 3pEHUS €€ POJIH B
naTo(pU3UOIOTUM  HEKOTOPBIX TMCUXMYECKHX 3a00JieBaHMM, BKIIIOYass OOJIbIIOE
nernpeccuBHoe paccrpoiictBo (BJIP) [282], ounonsapHoe addeKkTHBHOE PacCTPOMCTBO
(BAP) [283] m umsodpenuto [284]. Jlna Bcex Tpex 3ab0oieBaHUN HAOIIOIATH
3HAUWTEIbHbIE HW3MEHEHUs1 KoHUeHTpauuu nepudepudeckux NO,-, XOTS TaHHbIE
IPOTUBOPEYMIIN ApYT Apyry [277]. Hampumep, HEKOTOpBIE UCCIIEIOBATENN COOOIIAIN O
cHkeHun KoHueHTpauuun NO,- [284] y mauumeHToB ¢ mmM3oppeHuei, Toraa Kak B
JPYTUX UCCIIEIOBAHUSX HE BBISBIISIN CYIIECTBEHHBIX pa3inuuii KoHIeHTpauuu NOy- B
Ila3Me€ W CBhIBOPOTKE KPOBU MEXIy MNallMeHTaMu C Mu30(peHuerd U 370pOBBIM
KoHTpoJieM [285]. K Tomy ke, 0ObIYHO HCCIIeIOBAaHUS, KaK MPABUIIO, COCPEIOTOUCHBI
TOJILKO Ha KaKOM-HMOy/Ib OJHOM IICUXHYECKOM 3a00JIEBaHUHU, a pa3Mepbl BbIOOPKH
4acTo orpaHudeHsl. TakuM oOpa3oM, CBSI3b MEXAY KOHLEHTpalueil nepudepuyeckux

NO4~ ¥ ICHXUYECKUMH PacCTPOMCTBAMU B HACTOSIIIEE BPEMS OCTAETCS HESICHOM.
1.5.2 ®ynuknuun NOS1AP

I'en NOS1AP pacnonoxeH Ha xpomocoMe | yenoBeka B peruoHe 1g22. NOS1AP
coctouT n3 506 aMUHOKHMCIOTHBIX OCTAaTKOB M BKJIIOYAeT ABa JOMEHAa: N-KOHIIEBOU
dbochotuposun-cassbiBaromui 1oMeH (PTB) u C-xonueBoit PDZ-cBsi3piBarominii 1o0MeH
(PDZ-BD) [286]. OnncaHo HECKOJBKO albTEPHATUBHBIX TPAaHCKpUNTOB anss NOSIAP
[287,288]. NOSIAP mnocpencrsom PDZ-BD B3aumopeiicteyer ¢ nNOS. bmarogaps
nomeny PTB NOSI1AP coemunsiercss ¢ Dexrasl, 4ro npuBOAUT K 0Opa3OBaHHIO
TpoitHoro komiuiekca 6enkoB NOST1AP, Dexrasl u nNOS, kotopsiit HeoOxoaum nNOS
npu aktuBauuu Dexrasl [289]. C momonisto nomena PTB NOS1AP B3auMoaeicTByer ¢
cunanicunamu I, I u 11, oO6pa3yrommmu KOMIUIEKC, HEOOXOIUMBIN NIJIsl JIOKAJIA3AIIN
nNOS B npecuHantuueckux okoHuyaHusx [290]. boisiee Toro, ¢ moMONIBIO 3TOrO XK€
nmomeHa NOSIAP oOwenmnHsercs ¢ OenkoM Scribble, mo3Bonss NOS1AP crath

CBSI3YIOIIUM 3BeHOM Mexnay Scribble m curnamuurom Rho I'Tdaszer yepe3 B-Pix u
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Gitl [291]. UzBectHo, uTo NOS1AP konmokanusyercst kak ¢ 6emkoM Scribble, Tak u c
Vangll B kieTkax paka MOJIOYHOM KeJe3bl, YEro, OJTHAKO, HE HAOII0AaeTCs B 3I0POBBIX
KJIETKaX. JTO MO3BOJsIeT A0MYCTUTh, 4TO NOS1AP MoXeT BHOCUTH BKJaJ B pa3BUTHE
TOro BUAa paka [292]. Bce 3To AenaeT BO3MOXKHBIM NPeAnosioxuTh, uTo NOSIAP
SBJIIETCSI BOXKHBIM aalTEPHBIM OEIKOM, BXOISIIMM B DSl Pa3IUYHBIX CHUTHAJIBHBIX
KOMILJIEKCOB.

NOSI1AP B3aumogneiictByer ¢ nNOS, 4TO MO3BOJISET MNPEANOJIOXKHUTH €ro
OMOCPEIOBAHHYIO poyib B mpoaykuuu NO [293]. D10 npenmnosokeHue KOCBEHHO
noarsepxkaaercs ooHapyxkeHueMm AByX SNP B rene NOSIAP, xoTOpble CBSI3aHBI CO
3HAYUTEIIbHBIM TOBbIIICHUEM KOHUEHTpaimu NO,- y mnamueHtoB ¢ BAP [294].
Uro kacaercs apyrux NOS, mnokazano, uyto NOSIAP B kapamomuonurax He
B3auMmojierictyer ¢ eNOS [293], a B nieHTpanbHOM HepBHOU cucteme — ¢ INOS win
eNOS [276].

NOSITAP cBs3piBaer nNOS co cnenupuyeckumMu  OeIKaMU-MUIIECHSIMU.
Hampumep, Dexrasl (B 00Jb110M KOJUYECTBE NPUCYTCTBYIOLIUN C MO3I€), AKTUBHOCTh
kotoporo 3aBucut oT NO. [Tokazano, uro nNOS criocobHa Bo3aeiicTBoBaTh Ha Dexrasl
B kommuiekce Dexrasl/NOS1AP/nNOS. Kpome storo, aktuBHOCTh Dexrasl mosxer
perynupoBartbest N-metuii-D-acnapratom (NMDA) B NO-3aBucumoit manepe [289].

NOS1AP yuactByeT B peryisauuu aktuBHocth NMDA-penentopa, BO3MOXKHO,
CHIXKas €€. ITO SBJISICTCSl OJTHUM U3 TIPEANOoJIaraeéMblX MEXaHU3MOB, JIEKAIUX B OCHOBE
pazButus  mm3odppenur. CylmecTBYIOT — pa3UyHbie  MOJEIH,  OIHUCHIBAIOIINE
B3aumoiericteue NOS1AP u nNOS [295]. Hanpumep, komriekc nNOS/PSD95 moxer
paccmaTpuBaThes Kak guMepu3zanus qoMeHoB PDZ, a nurannel nNOS-PDZ, takue kak
NOSI1AP, 6ynyt konkypupoBath ¢ PSD95 3a B3aumopeiictue (Pucynoxk 6, A). Jlpyras
MOJIE/Ib JOMYCKAaeT BO3MOXHOCTh TOTO, YTO JIUTAH[I-CBSI3BIBAIOIIMNA KapMaH JIOMEHa
PDZ ocrtaercst OoCTynmHBIM JUisl JaTbHEHUINIETO PEKPYTUPOBAHUS CBOMX COOCTBEHHBIX

cneruuueckux mumieHei (Pucynok 6, b).
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Pucynok 6. Paznmunbie mogeau B3aumoneicreuss NOSIAP ¢ nNOS um ux
npeamnoJiaraemblie nmocjaeacrsusa. A — Moaeiab uckiao4denus. Cesaspisanue PSD9S ¢
nNOS wuckmouaer cBs3biBanue ¢ NOSIAP 3a cuer B3ammopgeiictBusa PDZ-PDZ
nomeHoB PDZ GenkoB PSD95 u nNOS u npsmoit koHkypeHuuu. [Ipu Takoi cxeme
nNOS, coequnennbii ¢ NMDAR (uepe3 PSD95) npousBoaut aktuBHbld NO. B aroi
mozaenu komiuiekesl nNOS/NOSITAP ¢ adpdexropamu, Takumu kak Dexrasl, He OyayT
HEMNOCPEACTBEHHO JIOKAIM30BaHbl Ha peuentope. b — Mopgeas ckaddgoiiaa.
CeszpiBanue nNOS nocpenctBom B-manbiia (QIaHKUPYIOMIUA MOTHB BHE OCHOBHOTO
nomeHa PDZ) ¢ PSD95 obnerdaer ob6pa3oBaHue KPYIMHOTO KOMILJIEKCA, BKIFOYAIOMIETO
NOSITAP (umu gpyrue nurannabl ¢ C-KOHIIEBHIMA MOTHMBAaMH). JTa MOJENb MOMEIIAeT
nNOS BOMM3uM K MecTy mnputoka Kanbiusa, a 3¢dexkropsl NOSIAP — Omusko k
npoaymupyemomy NO. B — Mogeab ¢ aByms cocrossnusimu. [Ipeanonaraercs, 4to
nomeH PDZ nNOS MoxkeT cymiecTBoBaTh B JBYX KOH(GOPMAIIMOHHBIX COCTOSHHSX. B
ogHOM OH MOXeT cBs3biBaThb PSD9S, Ho He NOS1AP, B npyrom — NOS1AP, HO He
PSD95. D10 Moxer 00BsicHUTH KOHKypeHuuio Mexay PSD95 u NOSIAP. B sroit
mozenu komiuiekc nNOS-NOSIAP pacnonaraercs Ha pacCTOSHMM OT PELEnTopa
NMDA, uyto orpanmnumBaer aktuBauuio nNOS B kommekce nNOS-NOSIAP. T'—
Moaeiab OTCPO4YEHHOT0 BbICBOOOKIeHus:. B »Toit moaenu NOSIAP wmoxer
B3aUMOJICMCTBOBaTh C HE3aHATHIM KapMaHoM PDZ, HO moka HeomnpeneneHHble
MEXaHU3Mbl TIOCTETICHHO TPHUBOIAT K TmoTepe cBsi3bpiBanuss PSD95 ¢ B-mambrem,
MPEANOI0KUTETHHO, TOCPEACTBOM KOH(DOPMAITMOHHBIX W3MEHEHUH, YTO MPUBOIUT K
3amemnienHoi nuccormaruu komruiekca nNOS/NOS1AP ot peunenrtopa. I[lpu stom
abdexropubrit  komruiekc nNOS/NOS1AP nokanusyeTcss psiioM C peuentopoM u
CBSI3aHHBIM C HUM MPHUTOKOM KajlblMi TOJIBKO B TEUEHHE OTPAHUYEHHOTO BPEMEHH.
AnantupoBano o [295].
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Cornacho eme ogHoit monenu, eciu C-koHerp NOS1AP Oyzaer 3akperisiTbes B
KapMaHe cBs3biBaHMs JomeHa PDZ nNOS, cnmocoOoM, OTAMYHBIM OT YHOMSIHYTBIX
BbIIIE, CTAOWJIM3UPYs aJJIOCTEpUUYECKoe KOH(POpPMAIMOHHOE W3MEHEHUE, KOTOpOe
npensaTcTByeT cBs3biBaHui0 PSDY95 ¢ P-mameiiem nNOS, 3T0 MOXET OOBICHUTH
uHruouposanue Bzaumoeiicteusg PSD95/nNOS ¢ nomomnisto NOSTAP (Pucynok 6, B).
Hakonern, Bo3moxkHo, uTo NOSIAP nelicTByer Kak HWHTHOUTOP B3aMMOJICHUCTBUS
nNOS/PSD95 Tonpko mOCie HEKOTOPOH 3aJep:KKH il TOro, YTOOBI OTKIIIOYUTH
nepeaavy CUruaia, Kak TojabKo oHa Oblia akTuBupoBaHa (Pucynok 6, I).

NOSI1AP cnocoben BausATh Ha mpouecchl, cBa3aHHble ¢ NMDA-peuenropamu.
[IponemoncTpupoBano, uto NOSIAP perynupyer HeHpOHaTbHYIO THOENb KIETOK,
onocpenoBanHyro NMDA -penienitopom [296]. Takum 00pa3om, IMpearnoaraercs, 4ro
NOSI1AP cnocoOGCcTByeT HeHpoTpaHCMHUCCUU M dKcaWToTokcuuHoctu. C  apyroit
CTOpoHBI, cooburaoT, uto NOSIAP unru6upyer mocrymienne Ca>" gepes NMDA-
peuenTtopel B HEUpOHBI [276]. BpUIO MPOAEMOHCTPUPOBAHO, YTO CBEPXMPOTYKIIHS
NOSIAP yxynmaer TOK 4Yepe3 KajdbLMEBbIC KaHalbl L-Tuma, 4TO NOPUBOJUT K
YKOPOUEHHIO MPOAOJDKUTEIBHOCTH MOTEHINANA IEUCTBUSA B JKEIIYAOUYKOBBIX MHUOLIMUTAX
[293]. Tlokaszamo, uro NOSIAP perymupyer BbicBoGOkaeHHe Ca’' w13
CapKOILJIa3MaTUYECKOT0 peTUKyiIyma [297].

CymiectByeT pssi cBUACTEILCTB 0 B3auMocBsizn NOS1AP ¢ passutuem nuabera.
ITokasaHo, 4TO MOBHINICHHEIH ypoBeHb Ca’’ B ocTpoBkax JIaHrepraHca akTHBHpPYeT
nNOS B NOBEpXHOCTHOM CJIO€ CEKPETOPHBIX IPAHYJ MHCYJMHA U YYaCTBYET B MPOLECCE
cekpennu uHcyiquHa [298]. Kpome Toro, BBeneHUE XOJIeCTEpUHA 1T MHTMOUPOBAHUS
akTuBHOCTH NNOS MOXET NnpensTCTBOBaTh MPOLIECCY CEKPELUU HWHCYJIMHA, YTO
yKa3bIBaeT Ha OHMOJOTHYECKYIO0 poiib (epmenta B »TtoMm mporecce [299,300]. brino
oOHapyxeHo, 4yTo mnoauMophusm NOSIAP cBs3aH C NOPeIpaclioiokKeHHOCThIO K
NEPBUYHOMY TIOSIBJICHHUIO TUa0eTa y MalMeHTOB, MOJYyYaBIIUX OJOKATOPHI KAIBIIHEBBIX
kaHaioB. dapMakOreHOMHBIE UCCIEAOBAaHUS MOKa3ad, YTO BapuaHTbl reHa NOSIAP
SBJISIIOTCSL OJIHUM M3 BaXKHBIX (PAKTOPOB, BIUSAIONIUX Ha pa3audusi B 3(PGEeKTUBHOCTH
TUTOTJIMKEMUYECKUX CPEJACTB, B YACTHOCTH, MPOU3BOJHBIX CYIb(OHUIMOYEBUHBI

[301,302]. OnHO KIMHUYECKOE HMCCIEIOBAaHUE MOKa3ajao, 4YTo BapuaHT reHa NOSIAP
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ObUT CBsI3aH C TOBBIIICHHON MPEIPacloNoKEHHOCTHIO K caxapHOMY auabery 2 Tuma B
kutaiickoit momyssituu [303]. Takxke ecTh cBeaeHus, 4To noaumopdusm rena NOSIAP
MOXKET BJMSATh Ha TEpaneBTUYECKYI0 A(PPEKTUBHOCTh HATETJIUMHUAA Yy MAIMEHTOB C
caxapHbiM nuadbetom 2 tuma [304].

boino mokazano, uto cepxmnpoaykius NOS1IAP mnoBsilaer 4yBCTBUTEIBHOCTD
neuyeHu K HWHCynMuHy u OnokupyeT p-p38MAPK B mnedeHM MyTaHTHBIX MBIIICH,
TOMO3UTOTHBIX MO TeHY ob, konupytomemy Jentud [305]. B apyrom uccinemoBanuu
npoaykius NOSIAP B nedeHu oOpaTHO KoppeiupoBaia ¢ 00pa3oBaHUEM aKTUBHBIX
dopm nNOS. CszpiBarrie NOS1AP ¢ nNOS B HelipoHax ciocoOCTBOBAIO aKTUBHOCTH
nNOS B oTHOwEeHUU Oenka-MuIIeHU. TakuMm o00pa3oM MOXKHO MPEANOJIOKHUThb, YTO
NOSIAP oxa3piBaeT cBO€ JEHCTBME HA T€YEHb MOCPEICTBOM HWHAKTUBALIUU
nNOS [306].

Ha xierounom ypoBHe NOSIAP Takxke peryaupyer IUHAMHUKY aKTHHA,
dbopMupoBaHUEe HEHPOHANBHBIX JEHIAPUTOB W  MUTPALUIO  PAKOBBIX  KJIIETOK
[11,287,288,291,292]. MyTaHTHbIE MBbIIIKA, TOMO3UTOTHBIE MO TeHy NOSIAP,
KU3HECIIOCOOHBI BO B3POCIIOM BO3pPACTE, OAHAKO OHU CKJIOHHBI K CEpAECUHON apUTMUH U
TUCPYHKIIMM TIPU  BO3JACHCTBUM areHTOB, BBI3BIBAIOIIMX OKHUCIUTEIBHBIN CTpece
[286,297]. D10 cormacyercsi ¢ JIUTEPATYPHBIMU JAHHBIMU, JEMOHCTPUPYIOLIIUMH, YTO
pacripocTpaHeHHble BapuaHTbl NOSIAP cBsi3aHbl C apuUTMHSIMU Y B3POCIBIX JIIOJIEH
[307,308]. BrisiBneHo, uro peueccuBHble BapuaHTel NOSIAP  HapymaroT
CDC42/DIAPH-3aBucuMOE pEeMOJICTMPOBAHUE AaKTWHA, BBI3BIBAIOT a0EpPpPaHTHBIN
OpPraHOMJIHBII T[JIOMEPYJIOT€HE3 U NPHUBOJIAT K TJIOMEPYJIONATUH Yy JIIOAEH U

Mblien [286].
1.5.3 Cs3b NOS1AP ¢ ncuxuyecKumMu paccTpocTBaMu

CymectByer cBsizsb NOS1AP ¢ pa3niuyHbIMU NCUXUYECKUMHU PACCTPOUCTBAMH.
Hekortopeie nccnenoBanusi cooOmiaior, yto moaumopdusm rena NOSIAP cBsizaHbl ¢
mu3oppeHued U ApyruMu MCUXHYECKUMH paccTpoiictBamu [23,277]. Hampumep, y
oonpHBIX mu30ppenuei B kpoBu [309] u gopconarepanbHOl npedpPOHTAILHONW KOpe

(malI®K) [22] yBenuuen ypoBenb MPHK rena NOSIAP. B cnywae, eciu ypoBEeHb
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MPHK, u kxak cneacrBue, Oenka, HMOBBIIIEH BCICACTBHE OOJIE3HH, MOXKET OKa3aThCs
BepHOUl mpennonaraemas cBsi3b NOSIAP ¢ rmyramaTHOW rumorte3oi Mmu30(peHud,
oOycnaBinuBalole pa3BuTHE 3a00JieBaHUsI HemocTaToyHOM akTuBamuern NMDA-

peuenropa [22,310,311] (Pucynok 7).

Hopma MNauueHTsl c WKnsodpeHuen

Ca2t
@ BHEK/IETOYHOE NPOCTPAHCTBO

@__ NMDA-peuenTtop

NOS1AP

NOS1AP

LUunTtonnasma
" HopmanbHas akcnpeccist reHa NOSIAP | BbICOKWil ypoBeHb SKcnpeccun
reHa NOS1AP
nNOS akTuBHa nNOS cBAzaHa
BbICOKMIA YPOBEHb Caz"'" Hu3knin ypoBeHb Ca &

Pucynok 7. NOSIAP cBsi3biBaeT CHHTa3y OKCHIAa a30Ta W TaKuUM o0pa3om
peryjMpyer HeMpPOTPAHCMHUCCHIO  TrJyramara, omnocpeaoBannyrww NMDA-
peuentopom. Casa3biBanue NOSIAP npuBOOIUT K yMEHBIICHUIO KOJWYECTBA
komruiekcoB NMDA-penienitopa ¢ cuHTa3oi okcuna azota (nNOS), pe3yabTaToM 4ero
ABJISICTCS. CHWDKEHHUIO TPUTOKA Kajblus, KoHTposmpyemoro NMDA-peunentopom, a
TAaKKE€ KaTaJUTUYECKas WHAKTHBAlMs CHUHTA3a OKCUZA a30Ta. ODTOT IIPOILECC, Kak
MIPEANONIATal0T, MOXET CBS3bIBATh MOBBILMICHHBIM YpOBEeHb 3Kcnpeccun NOSIAP c
rIIyTaMaTHOM TUIOTe301 pa3BuTus mu3zodpenun (Mmoauduimposano mo [310]).

Y mnauumeHToB ¢ OOJIBIIMM  JENPECCUBHBIM  PacCTPOMCTBOM  OTMEYaeTcs
noBbllieHHass UMMYHOpeakTUBHOCTh NOS1AP B qnll®K u nepenneil mosicHOM Kope
[312]. Bapuantel rena NOSIAP accouMupoBaHbl ¢ 3HAO(EHOTUNIaMU MINU30(PpeHnun
[313-315] u ¢enorumamu nenpeccuu npu mm3odpernn [316]. Kpome Toro, BapuaHTh
NOSIAP cBsi3aHbl C TSKECTBIO CHUMIITOMOB, a TaKKe CHUMIITOMAMHU JEHPECCHH U
TPEBOTH TPHU MOCTTpaBMaTHYeCKOM cTpeccoBoM paccrpoiictee (IITCP) [317,318].
[Tomumo accommamuu ¢ mm3odpeHueit, OBLIO TOKa3aHO, YTO JIBE pEIKUe

HCCMHOHUMHUYHBIC 3aMCHbI IIO3BOJIAIOT  pasaCIMTb O6C€CCI/IBHO-KOMHYJ'IBCI/IBHOC
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pacctpoiictBo (OKP) u paccrpoiictBo aytuctuueckoro crekrpa (PAC) [319], uto
MOJKET TOBOpUTH 0 ieoTpornHoM 3 dpexre NOS1AP nHa ncuxudeckue 3ab60aeBaHMs.
ITokazano, uto NOS1AP aktuBupoBaH B mnupamujanbHbix Kietkax CAl B
roJIOBHOM MO3re 00JbHBIX Aunblreiimepom [320]. Okcnpeccus NOS1AP unnynupyer
MOBBIIICHHBIH ypOBEHb (POCHOPUIMPOBAHHOIO, OJUTOMEPHOTO U HEPACTBOPUMOTO
oenka tau. Hamportu, nedunutr NOSIAP o6Gnerdaer cBs3aHHbIE C OOJIE3HBIO
AnpIrreiiMepa maTojiorudeckue (EHOTHIBI Ha MOJENAX TaymaTuu [25]. DTu cBeneHus
nokaspiBatoT, 4To0 NOS1AP MokeT urparh BaXHYIO poOJib B MaToreHese O0JIe3HU

Aunblreiimepa.
1.6 3akaouenue

Pa3BuTre pa3auyHBIX ~ HEMpPOAEreHEpaTUBHBIX  3a00JEBaHUN  CBSI3aHO C
MOSIBJICHUEM  OCJIKOBBIX  arperaToB, 3a4acTyl0  OO0JaJaolMX  aMUJIOUIHBIMU
CBOMCTBaMU. AMUIIOWIBI TPEJICTABIAIOT CO0O0M OeTKOBbIE arperatbl € Kpocc-f3-
ctpyktypoi [1,2,30,321]. OTkpbiTHE KOarperauuv OEJIKOB C aMWJIOWUJIAMH BBISBUIIO
HOBBIM THII MEKMOJIEKYJIAPHBIX B3aUMOJICUCTBUN. B HacTosiee BpemMsi CTaHOBUTCS BCE
0oJiee OYEBUIHO, YTO TaKUE B3aUMOJICUCTBUSI MOTYT UTPATh BAXKHYIO POJIb B TATOT€HE3E
aMHJIOUI030B YETIOBEKA U JKMUBOTHBIX [13].

bosie3ns [lapkuHCOHA — BTOpPOE MO PACIpPOCTPAHEHHOCTU HEUPOJAECTEHEPATUBHOE
3a0oneBanne. OHO XapakTepU3yeTCs AaHOMAJIbHBIM HAKOIUIEHMEM M arperanuen
0-CHHYKJIEMHA B Tenbliax JleBu u Helipurax JleBu [322]. ImeroTca TaHHBIE O TOM, YTO
O-CUHYKJIEMH CHOCOOE€H KoarperupoBatb ¢ Japyrumu amwiounamu [13]. Taxum
o0pa3oM, HCCIEAOBaHME KOarperaluu O-CUHYKJIEWHA C JAPYTUMH O€lIKaMUu MOXKET
MOMOYb TOHATH MeXaHu3Mbl Oose3nu [lapkuHCOHA M pa3paboTaTh HOBBIE CTPATETHUU
JICYEHHMSI TOTO 3a00J1€BaHUSI.

OngaumM u3 OEnKOB, C KOTOPHIM (PU3WYECKH B3aUMOJICHCTBYET O-CHHYKJICHH,
apiusiercas NOS1AP. Ha 53To yka3bIBaloT pe3ysibTaTbl MHPOTEOMHOTO CKPUHUHTA,
OCHOBAHHOI'O HAa KO-UMMYHOIIPELMIIUTALMUA C MOCJIEAYIOLIEH MAaCC-CIIEKTPOMETPUEN
[26]. benmok NOS1AP cBsI3bIBaIOT C pa3BUTUEM PA3IUYHBIX ICUXUUYECKUM PACCTPOUCTB,

rJaBHbIM 0Opa3zom mm3oppenun [23,277]. Takum oOpa3oM, MOXKHO CKa3aThb, 4YTO
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uzydyenue cnocooHoctu Oenka NOSIAP oOpa3oBbiBaTh CTaOWIBHBIE arperatbl U
B3aWMOJICHCTBOBATh C O-CHHYKJICMHOM MOJXET TIOMOYb IIOHSTH BO3MOXKHEIC
MOJICKYJISIDHBIC MEXaHHW3Mbl PA3BUTHS TAaKHX 3a00JIeBaHUM, KaKk MIM30(QpEHUs WU

0one3nb [TapkuHCOHA.
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2. MATEPUAJIBI U METO/IbI
2.1 IlnazMuanl

[Tna3Mubl, UCTIONIB30BAaHHBIE B paboTe, mepeunciiensl B Tadymie 1. Ilmazmumasr
cepun  pDONR221  (pDONR221-NOS1AP, pDONR221-SNCA)  sBisitoTcs
KoMMmepueckumu TutazmugaamMu Thermo Fisher Scientific. Ilnasmuasl aToM ke cepuw,
KOJIMPYIOIIUE (bparMeHTHI NOSIAP (pDONR221-NOSTAP-1-291,
pDONR221-NOS1AP-292-390, pDONR221-NOS1AP-391-506), Obuin mOJydeHbl B
xojie pabotsl ¢ momorisio [P ¢ mpaiimepamu (Tabmuma 4, a Takke paznen 2.4) K 3TUM
IIOCJIEAOBATENBHOCTAM M mocienyrome BcraBkord [IL[P mpogykrta B BekTop
pDONR221 ¢ nomompio konupoBanus (GateWay).

[Inasmuaer musa cucrembl C-DAG momydeHsl B Pe3yJbTaTe HCIIOJIb30BaHUSA
masmug cepur pDONR221 ¢ xkogupyrommMy MOCAEAOBATEIbHOCTAMU H3Y4aeMbIX
OenKoB, B KayecTBE LIEJIEBOro BekTopa Obul ucnoib3oBaH pVSGW. [lns pabotel ¢
KJIETKaMH  JIpOXOKEeW  ObUIM  MOJMYyYeHBbl  IUIA3MHUABI  HAa  OCHOBE  BEKTOPOB
pAG416GPD-EGFP, pAG416GPD-EYFP u pAG415GPD-Cerulean. [Insi paGotsl ¢
KyJbTYpaMu KJIETOK MieKonuTaromux mia3muael pDONR221 npumensiuch s
nonyyeHust BektopoM Ha ocHoBe pgLAP1, pDEST-VI-ORF um pDEST-V2-ORF.
[Mnazmuner ans HapaboTku Oenka ObulM MOdy4deHbl Ha ocHOBe pDest-527. Ilpu
MOJIY4YEHUH 3TUX KOHCTPYKUHMU Oblja HCIOJb30BaHA METOJIMKA PEKOMOMHAIMOHHOTO
wionupoBanusi. [lmasmmma pDest-527-nSNCA  Obuta  mojydyeHa ¢ IOMOIIBIO
PECTPUKIINYU U JTUTHUPOBAHUSI.

[lony4yeHHple TUIa3MUABI MPOBEPSUIM JIMOO C TMOMOIIBI PECTPUKIIMOHHOIO
ananu3a pepmentamu Bgll, EcoRV, Pvul, Nsil, Pvull, Ncol, Hincll (B 3aBucumoctu ot

MJIa3MU/IbI), TMO00 CeKBEeHUpOoBaHueM (pasaen 2.4.5).
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Ta6auua 1 — [liaa3zmuasl, HCNMOAb30BaHHbIE B padoTe. CsgAsS — CUTHAJIBHBIN MTENTH
oenka CsgA, HEOOXOIMMBIN ISl HKCIIOpTa Oelika Ha MOBEPXHOCTh KiIeTKU. araBAD —
apabuHo3Hbiit oniepoH. GAP — nmpomotop rena GAPDH (rnuuepanbaerua-3-hocdat-
neruaporenassl). CMV — nmutomeranoBupycHsblil npomotop. T7 — npomoTtop dara T7.

HasBanue benok unrepeca Mapxkep | IIpomorop HUcrounuk
Thermo Fisher
R Scientific (Ultimate
pDONR221 ORF Clones)
(12536017)
Thermo Fisher
pDONR221-NOS1AP NOSIAP kanR — Scientific (Ultimate
OREF Clones)
Thermo Fisher
pDONR221-SNCA aSyn kanR — Scientific (Ultimate
OREF Clones)
5382% lT-) aSyn(A53T) kanR —
5;?8?(&%% E) aSyn(AS3E) kanR —
SIDI\II)(?E(IEZE Il(_) aSyn(E46K) kanR —
DONR221 ITonyuensl B 3ToU
p § aSyn(A30P) kanR —
SNCA(A30P) pabote
N%])S?Elllezéél NOS1AP(1-291) kanR —
N 3531;122922 1;90 NOS1AP(292-390) kanR —
N é)leOAI;Rf;I 1;06 NOS1AP(391-506) kanR —
pVS72 CsgAss-Sup35NM ampR araBAD [36]
pVS105 CsgAss-Sup35M ampR araBAD [36]
pVSGW-ccdB ampR araBAD [323]
pVSGW-NOSIAP CsgAss-NOS1AP ampR araBAD
PVSG\’;/-zl\;(I)SlAP- CsgAss-NOS1AP(1-291) | ampR araBAD
SVSGW-NOSIAP CsgAss- " BAD ITomyuens! B 3ToM
N - am ara
292-390 NOS1AP(292-390) P pabote
pVSGW-NOS1AP- CsgAss- ampR araBAD
391-506 NOSITAP(391-506)
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IIpononxkenue Tadauusbl 1

Ha3Banue besiok unTepeca Mapkep | IIpomoTop HcTounuk
pAG416GPD-EGFP- EGEP URA3 GAP Addgene
ccdB (Plasmid #14196)
pAI\CI}ng?iléDl-gng- EGFP-NOS1AP(1-291) URA3 GAP
— [Tonydensl B 3TOM
pAG416GPD-EGFP- | EGFP-NOS1AP(292-390) | URA3 GAP
NOS1AP-292-390 pabote
pAG416GPD-EGFP- | EGFP.NOS1AP(391-506) | URA3 GAP
NOS1AP-391-506
EGFP hygR CMV Addgene
Vg
pgLAPI (Plasmid #19702)
pgLAP1-SNCA EGFP-aSyn hygR CMV
pgLAP1-NOSIAP EGFP-NOSIAP hygR CMV
ngAPll -;\IQCIJSIAP- EGFP-NOS1AP(1-291) hygR CMV Homy4eHst B o10i
- paGore
pgLAPLI-NOSIAP- | EGFP-NOSIAP(292-390) | hygR CMV
292-390
pgLAP1-NOSIAP- | EGFP-NOS1AP(391-506) | hygR CMV
391-506
\%! bleoR CMV Addgene
- - eo.
pDEST-VI-ORF (Plasmid #73635)
pDEST-V1-SNCA V1-aSyn bleoR CMV
pDEST-V1-NOS1AP V1-NOS1AP bleoR CMV
pDEST-VI-NOS1AP- V1-NOS1AP(1-291) bleoR CMV [Tonyuens! B 3ToM
1-291
pabote
pDEST-V1-NOS1AP- ] ] bleoR CMV
292.390 V1-NOS1AP(292-390)
pDEST-V1-NOS1AP- ] ] bleoR CMV
391.506 V1-NOS1AP(391-506)
bleoR MV Addgene
- - eo
PDEST-V2-ORF V2 (Plasmid #73636)
pDEST-V2-SNCA V2-aSyn bleoR CMV
pDEST-V2-NOS1AP V2-NOS1AP bleoR CMV
pDEST-;/22-91\IIOSIAP- V2-NOSIAP(1-291) bleoR CMV ITonyuens! B 3ToM
. paGore
pDEST-V2-NOS1AP- bleoR CMV
292.390 V2-NOS1AP(292-390)
pDEST-V2-NOS1AP- i i bleoR CMV
391506 V2-NOS1AP(391-506)
pAG416GPD-EYFP- EYFP URA3 GAP Addgene
ccdB (Plasmid #14220)
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Oxonvyanue TadaunbI 1

HasBanue benok unrepeca Mapxkep | IIpomorop HUcrounuk
pAG416GPD-EYFP- EGFP-0Syn URA3 GAP
SNCA
pAG416GPD-EYFP- EYFP-NOS1AP URA3 GAP
NOSIAP [Tomyuens! B 3ToM
pAG416GPD-EYFP- | EYFP.NOSI1AP(1-291) | URA3 GAP a
NOS1AP-1-291 pabote
pAG416GPD-EYFP- | pyFp.NOS1AP(292-390) | URA3 GAP
NOS1AP-292-390
pAG416GPD-EYFP- | pyFp.NOS1AP(391-506) | URA3 GAP
NOS1AP-391-506
Addgene
pAG415GPD- Cerulean LEU2 GAP s
Cerulean-ccdB (Plasmid #14410)
pAG415GPD- Cerulean-oSyn LEU2 GAP
Cerulean-SNCA
pAG415GPD-

Cerulean- Cerulean-aSyn(A53T) LEU? GAP
SNCA(AS53T)
pAG415GPD-

Cerulean- Cerulean-aSyn(A53E) LEU? GAP I .
SNCA(AS3E) OJIy4YCHBI B 3TOM
pAG415GPD- pabote

Cerulean- Cerulean-aSyn(A30P) LEU? GAP
SNCA(A30P)
pAG415GPD-

Cerulean- Cerulean-aSyn(E46K) LEU? GAP
SNCA(E46K)
pAGA415GPD- Cerulean-NOS1AP LEU2 GAP

Cerulean-NOS1AP
» 7 Addgene
. — am,
pDest-527 P (Plasmid #11518)
pDest-527-SNCA aSyn-6xHis ampR T7
pDest-527-nSNCA aSyn ampR 17 [MomydeHs! B 3TOU
pDest-527- NOS1AP(292-390)-6xHis | ampR T7
NOS1AP(292-390) ( ) P padote
pDest-527- NOS1AP(391-506)-6xHis | ampR T7

NOSITAP(391-506)
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2.2 lllTaMMbl MUKPOOPTraHM3MOB M KJIETOYHbIE JINHUMN
2.2.1 llTaMmMbl MUKPOOPTaHU3MOB
2.2.1.1 bakrepuaJjbHbIe IITAMMBI

Jnst  pyTMHHOM  HapaOOTKM  TIa3MHJ  ObUTM  MCHOJB30BaHBI  IIITAMM
Escherichia coli TOP10 u DHS5oa. Hns nonmyuenust mmazmuasl pDest527-nSNCA
ucnosb3oBaiu mramm E. coli XL10-Gold.

Ins pa6otel B cucteme C-DAG wucnonb3oBanu mrtamm VS39 E. coli [36].
[ramm VS39 saBngercss mnpousBoaHbiM Imrtamma MC4100, koTopwlii criocoOeH
oOpazoBwiBaTh kepiau. Y VS39 nenetupoBanbl reHbl kepiau csgA, csgB u csgC ¢
3aMEHOM Ha TeH neo, OOECIEUMBAOIIMN  YCTOMYMBOCTh K  KaHAMHIIMHY.
VS39 nononnutenbHO  BKIOYAET IaszmMuay pVS76, KoTtopas COOEPXKHUT TEH,
kogupyromuii 6enok kepiu CsgG.

JIJist CBEpXIIPOIYKIIMKA T€TEPOJTIOTUYHBIX OCIKOB MCIOJIb30BAIM MTaMMbI E. coli:
NiCo21(DE3), BL21(DE3), BL2I1(DE3)pLysS, Origami u T7 (Tabmuma 2)
(New England Biolabs).

Tadauna 2 — baxkrepuajbHble ITAMMbI, HCHOJb30BaHHbIC ISl MPOXYKIHUU
JIa3MHu/ U 0€JIKOB

HlTamm I'enorun
TOP10 F mcrA A( mrr-hsdRMS-mcrBC) ¢80lacZAM15 A lacX74 recAl araD139
A(ara-leu)7697 galU galK rpsL (Str") endA1 nupG
XL10-Gold Tet'delta- (mcrd)183 delta- (mcrCB-hsdSMR-mrr)173 endAl supE44 thi-1
recAl gyrA96 relAl lac Hte [F" proAB lacl?ZDM15 Tnl0 (Tet") Amy Cam']
DHSa F endAl ginV44 thi-1 recAl relAl gyr496 deoR nupG purB20 ¢80d/lacZAM15

A(lacZYA-argF)U169, hsdR17(rg mx'), A~
can::CBD fhuA?2 [lon] ompT gal (2 DE3) [dcm] arnA::CBD slyD::CBD
NiCo21(DE3) | glmS6Ala AhsdS /. DE3 = /. sBamHIo AEcoRI-B int::(lacl::PlacUV5::T7
genel) i2] Anin$

BL21(DE3) F ompT hsdSg (15, mp") gal dem (DE3)
BL21(DE3)pLysS | F~ ompT hsdSg (15, mg ) gal dem (DE3) pLysS(Cam™)
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IIpononkenue Tad MBI 2

HTamm I'enorun

Origami F ompT hsdSg(ts mg) gal dem lacY1 ahpC gor522:: Tnl0 trxB (Kan", Tet")
fhud?2 lacZ::T7 genel [lon] ompT gal sulA11 R(mcr-73::miniTnl0-Tet>)2
[dem] R(zgb-210::Tnl10-Tet®) endAl A(merC-mrr)114::1S10

T7

2.2.1.2 /IpoxkxeBbie IITAMMBI

B pabote ucnonp3oBasiv mITaMMBbl Jpoxket Saccharomyces cerevisiae 74-D694
(MATa adel-14(UGA) trp1-289(UAG) ura3-52 his3-4200 leu2-3,112 [psi’] [PIN]) [324]
u 2-74-D694 (MATa adel-14(UGA) trpl-289(UAG) ura3-52 his3-4200 leu2-3,112

[psi’] [pin’]) (moGe3Ho npenocrabiedH Auapeem ['eoprueBuuem MaTBeeHKO).
2.2.2 KieTo4yHble JUHUN MJIEKOIMUTAIOIINX

Knerounas nuaus HEK293T Obina mo6e3Ho mnpenoctaBiieHa KatonmkoBoi
Haranbeit BuktopoBHoi. Jluaus HEK293T saBnsercs Bapmantom nuHum HEK293,
MOJy4YeHHOM u3 SMOpuoHanbHbIX Touek uenoBeka. HEK293T »skcnpeccupyer
MYTaHTHBIA TEMIIEPATYpHO-UYBCTBUTENbHBIM BapuaHT SV40 T-anturena [325].
[Tpumensiercs 1yist BpeMEHHOM TpaHC(HEKIIMN U SKCIIPECCUH OSITIKOB.

Knerounas nuaust IMR-32 6bi1a nro6e3Ho npenoctaBieHa KaukuabsiM JJanuninom
BanepreBuuem. Knetku IMR-32 Obutr HCXOTHO MOTYYEHBI U3 TKAHEW HEHPOOIACTOMBI

rOJIOBHOTO Mo3ra [326].
2.2.3 Cpenpl ¥ yC10BUSA KYJIbTHBHPOBAHUS

[Ipy pyTMHHOM KyJIHTUBUPOBAHUHU OaKTEpUATBHBIX IIITAMMOB HCIOJIH30BAIN
ctangapTHeie cpeapl LB (xuakyro u TBEpayto) [327]. ns momydeHus TBEPABIX CpPell
n00aBIIsIA arap 10 KOHEYHOUM KoHIeHTparuu 2,5-3% (w/v). llltaMmMbl nHKYyOUpOBaiu
npu 37 °C. JIyg ceNekuuu UCcnoib30Baiu aMnuiuine (100 MKr/mi1) wiM KaHaMUITUH
(50 mxr/mn). IIpy KyabTUBUPOBAHUHU B KUIKOW CPENie MCIIOIH30BAIN MEPEMEIINBAHIE

co ckopocThio 200 06/MuUH.
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s merona C-DAG tpanchopmantoB mramMma VS39 BeipanmBanu Ha TBEPIOM
cpene LB ¢ nob6aBnennem ammunuumaa (100 Mxr/min), xjaopamdennkona (25 MKr/mi),
0,2% (w/v) L-apabunossl, 1 MM IPTG (u3onponui-f-D-1-tuoranakronupanosun) u
kpacutenss Konro kpacuwiii (10 MKr/mir) B KOMOWHAITMH, 3aBUCSIICH OT Ha3HAYCHUS
cpenbl (Tabmuma 3) [36]. Knetku unkyOupoBamu mipu 22 °C, 26 °C u 37 °C nus
noa00pa ONTUMAIBHBIX YCIOBUSX, MPU KOTOPBIX TMOJOKUTEIBHBIM U OTPULIATEIbHBIH
KOHTPOJIb OYJIyT 1aBaTh SBHbIC OTIIUYHSL.

Knerkm gpoxokeid pactwim  Ha noidHod cpene  YEPD.  JIpoxokeBbIxX
TpaHC(OPMAHTOB KyJIbTHBHPOBAIM Ha cuUHTeTHdYeckux cpemax (SC), ¢ mobaBieHueM
HEOOXOJIMMBIX AMHHOKHUCJIOT M a30THUCTBIX OCHOBAaHUM, 3a HCKJIIOYEHUEM Yypalluiia

n/unu nevnura (SC-U u SC-UL) npu 30 °C [328].

Tabamua 3 — Cocras cpen s 0akrepuaiabHoi cucrembl C-DAG

Cpena niist MHIYKIHMU
KoMmmnoHeHT cpeabl Cpena nis kouTpoJsi | Cpena ajist HHIYKIIUH
¢ KoHro kpacHeim
AMITULAJUTHH 100 MKr/min 100 MKr/min 100 MKr/min
xJ0pamM(pEeHUKOI 25 MKr/mMi 25 MKr/mi 25 MKr/mi
L-apabunoza 0 0,2% (w/v) 0,2% (w/v)
IPTG 0 1 MM I MM
KoHro xpacHsIii 0 0 10 Mkr/mn

Kynberypsl knetok HEK293T BeipamuBanu Ha cpenqe DMEM, KynbTypbl KJIETOK
IMR-32 — Ha cpene RPMI (Thermo Fisher Scientific). B cpeny noOGapmisuiu
AMOPUOHATIFHYIO OBIUBIO CHIBOPOTKY 10 10% (W/v) M aHTUOMOTHKHM (NMEHUIWJUTMH U
CTPENTOMUIIMH J1I0 KOHEUHbIX KoHueHTparui 100 emx/mn u 100 Mkr/mo,
cooTBeTcTBeHHO). Knetku kynbruBupoBanu npu temieparype 37 °C B atmocdepe 5%

CO,.
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2.3 'eHeTH4ecKHE METO/bI
2.3.1 Tpancopmanus aposx:xed U OaKTepui

Tpanchopmanuio  GakrepuanpHbix  mrammoB  TOP10 uw  XL10-Gold
OCYHIECTBSUIM MO  CTaHJAPTHOW  METOAMKE C  HCIOJIb30BAHHEM  3apaHee
NPUTOTOBJICHHBIX XMMHUYECKH KOMIIETEHTHBIX KIETOK. TpaHchopMaluio MTaMMOB
VS39, NiCo21(DE3), BL21(DE3), BL21(DE3)pLysS, Origami u T7 mpoBoawmm 1o
cTaHAapTHOM MeToauke ¢ ucnosibzoBanuem CaCl, [329]. poxoxeByto TpaHChOpMaIIHIO

OCYILECTBJISUIM MO CTAHAAPTHOM METOJIMKE C UCIOJIb30BaHUEM arerara jqutus [330].
2.3.2 TpancheKkuus KJIETOK MJICKONUTAIIIMNX

Tpancpexunto xmerok HEK293T wu IMR-32 ocymecTBiasuii ¢ HOMOUIIBIO
TurboFect Transfection Reagent (Thermo Scientific) unu TransIntro EL Transfection
Reagent (TransGen Biotech) cormacHo mnporokosnam mnpousBogutTeneit. Jms
UCCJIENOBAHMS (PU3MUECKOTO B3aUMOIECHCTBUS JBYX OEIKOB KIETKH TpaHCHUIIMPOBAIU
OJHOBPEMEHHO  JBYMsS  IUIa3MUJaMHU,  KaxkJIas M3  KOTOPBIX  COZAEpKalia

MOCJIEI0OBATEIBHOCTD, KOJMPYIOIIYIO OJIMH U3 OEIKOB HHTEpEca.
2.4 MoJieRyJIsIpHO-0MOJIOTHYECKHE METOAbI

B xone paGoThl UCMONB30BAIM CTAaHIAPTHBIE METObI PabOTHI ¢ HYKJICMHOBBIMU
kucnoTamu: ektpodope3 JJHK B arapo3nom reine, pecTpukiuio, urupopanue [327].
[Ipy mocTaHOBKE peaKIUi PpECTPUKIUU W JUTHPOBAHUS TaKKe OBUIM yUTEHBI
pPEKOMEHJAMK IPOM3BOAUTENEH COOTBETCTBYIOIIMX (hepMeHToB. s ounctku I[TLP-
MPOAYKTOB, mia3mui, BbiaeneHus [IHK w3 rens wmcnosb3oBaiu COOTBETCTBYIOIIME
HAa0Ophl PEAKTUBOB, COIVIACHO METOJIMKE, PEKOMEHIOBAHHON MPOU3BOJIUTEIEM

(Thermo Fisher Scientific).
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2.4.1 llonyyeHne KOHCTPYKUMIA, KOAUPYHOIIUX pparMeHThI 0€JIKOB HHTEpeca

Jnst  momydeHus T1uiasMuz, Koawpytomux gparmeHtel  Oemka  NOSIAP,
ocymecTBisuM peakiuto I[P ¢ ucnosnb3oBaHneM B Ka4eCTBE MATPHUIIbI ILUIA3MHIHON
JHK pDONR221-NOS1AP. [lna cunre3a JIHK mbl ucnonszoBasin nosimmMepasy Taq
(SibEnzyme). Ilpum moAroToBKE pEaKIIMOHHOW CMECH HWCIIOIh30BAM CTaHIAPTHYIO
Meroauky [327]. Ilpu ammiaudukanuu HUCMIOIL30BaU MpaiMephl, MEPEUHCICHHbIE B

tabnue 4. J{as npoBeneHusT peakiuy UCIOIb30BAIN MPOTPaMMYy, IIPEICTAaBICHHYIO B

tabmuue 5. TemnepaTypa oTxura nmpaitMepoB Obli1a MoJ00paHa SKCIEPUMEHTAIBHO.

Tadommuuma 4 — Ilpaiimepsl AJd8 aMIUIM(PUKANUM TOCJIEI0BATEJIbHOCTEI,
koaupywouux ¢parmentel NOSIAP. B  mnocienoBarenbHOCTIX — IPaiMEpPOB
MMOYEPKHYTHI attB-CalThl.

HaszBanmue ITocienoBaTeJLHOCTD AMnuiupuuupyem

bIii (pparmenT

NOS1AP-F-292-390

GGGGACAAGTTTGTACAAAAAAGCAG
GCTACCAGATGCAGCTCC

R_NOS1AP(HindIIl)_attB2

GGGGACCACTTTGTACAAGAAAGCTG
GGTAAGCTTCTAGTCACAGAGCACGG
GCAG

NOS1AP(292-390)

NOS1AP_ 1 291
NAR attB1 forward primer

GGGGACAAGTTTGTACAAAAAAGCAG
GCTTCATGCCTAGCAAAACCAAG

NOS1AP_1 291
NAR attB2 reverse primer

GGGGACCACTTTGTACAAGAAAGCTG
GGTTCTAGTGGTGAGTGGACAG

NOS1AP(1-291)

NOSIAP 391 506
NAR attB1 forward primer

GGGGACAAGTTTGTACAAAAAAGCAG
GCTTCCCCACGACCCCTAAGCC

NOSI1AP 391 506
NAR attB2 reverse primer

GGGGACCACTTTGTACAAGAAAGCTG
GGTTCTACACGGCGATCTCATC

NOS1AP(391-506)
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Tadaumma 5 — IIporpamma IIHP gas aMminpukanum MnocjaexoBaTeJIbHOCTEN,
KOAUPYOIIHX (PparMeHThI 0€JIKOB HHTEpeca

Avmummuxanusa JHK
3aBepuieHue
Jenarypanus KosnuecTBo
Jenarypanus OT1xur Cunre3 CHHTEe3a
JAHK IUKJIOB
JHK npaiiMepoB JHK JHK
amIMpuKaun

5 muH, 94 °C | 30 cek, 94 °C | 30 cek, 55 °C | 90 cek, 72 °C 30 5 muH, 72 °C

Hanee cmech nocne TP nmoasepramu odpadotke pectpukrtazoil Dpnl (Thermo
Scientific). K 15 mxn [MIP-npoaykra goGapmsmu 3 mxn Oydepa 10x Buffer Tango
(Thermo Scientific), 0,2 mxn pepmenta Dpnl u 11,8 mkxn Boasl. Cmech HHKYOUpOBaU
npu 37 °C B TeyeHue 6 4YacoB, MOCIE YEro HCIOIb30BaIU i1 PEKOMOWHALMOHHOTO
kioHupoBanusi ¢ Habopom BP Clonase II (pazmen 2.4.3.1). 3arem oCyIIECTBIISIN
Tpanchopmarmto mramMmma E. coli DHS5o0 ¢ wucnonp3oBaHueM cMecH TMOCIE
KJIOHMpOBaHMs. bakTepuaibHble KIETKM BBICEBAJM HA CEJIEKTUBHYIO Cpeny,

KynbTUBUpOBaK 12-16 vacoB nipu 37 °C, moce yero oToupanu TpanchOpMaHTOB.

2.4.2 IlosryyeHue KOHCTPYKUMHA, KOAMPYIOLIMX BAPHUAHTHI 0-CHHYKJICHHA €

AMHUHOKHCJIOTHBIMH 3aMCHAMH

J{ns monydeHus 1ia3Mujl, KOJUPYIOIIUX BAPUAHTHI O-CUHYKJIEMHA C 3aMEHaMH,
ocymecTBisuiM peakuuto I[P ¢ ucnosnb3oBaHMeM B KadyeCcTBE MATPHUIBI IUIA3MUIHON
JHK pDONR221-SNCA. [dna cunate3a JIHK bl ucnosb3oBaiM  moJuMepasy
AccuPrime Pfx (Invitrogen). Ilpm ammnuduxamuum HCIONB30BAIK MpaiMephl,

nepedrciieHHbIe B TabIuIe 6.
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Tadbomma 6 — Ilpaiimepsl A aMIVIMPUKANMU  [OC/IEA0BATEIbHOCTEN,
KOAMPYKOIIMX BAPHAHTBHI O-CHHYKJIHUHA € 3aMeHAaMHU. BHOCHUMBIE HYKJIEOTHIHBIC

3aMEHBI IOTYEPKHYTHI.

Ha3zBanmue ITocaenoBaTeIbHOCTEH Buocumas
3aMeHa
SNCA_ Ala53Thr Forwar | GGTGCATGGTGTGACAACAGTGGCTGAGAAGA
d CC
SNCA_ Ala53Thr Reverse | GGTCTTCTCAGCCACTGTTGTCACACCATGCAC Ala33Thr
C
SNCA Ala53Glu Forwar | GGTGCATGGTGTGGAAACAGTGGCTGAGAAGA
d CC
SNCA Ala53Glu_Reverse | GGTCTTCTCAGCCACTGTTTCCACACCATGCAC Ala33Glu
C
SNCA_Ala30Pro_Forward | GGTGTGGCAGAAGCACCAGGAAAGACAAAAGA
GG Ala30Pro
SNCA Ala30Pro Reverse | CCTCTTTTGTCTTTCCTGGTGCTTCTGCCACACC
SNCA Glu46Lys Forwar | GGCTCCAAAACCAAGAAGGGAGTGGTGCATGG
d Glu46Lys
SNCA_ Glu46Lys Reverse | CCATGCACCACTCCCTICTTGGTTTTGGAGCC

Jns mpoBeneHus peakiuu HUCIOIb30BAIM IPOTPAMMY, IPEICTABICHHYIO B

tabnuie 7. TemnepaTypy oTKura npaiiMepoB Moa0Upaiu SKCIEPUMEHTATIBHO.

Tadmuuma 7 — Ilporpamma IIHP pasa ammiudpukanmum mocsjiea0BaTeJbHOCTEH,
KOJAUPYIOIIUX BAPUAHTHI (-CUHYKJIMHA C 3aMeHAMU

Avminpuxanus JHK
3aBepuienue
Jenarypanus KosmuectBo
JleHaTypauus OT1kur Cunres CHHTEe3a
JHK UKJIOB
JHK npaimMepoB JHK JHK
amMiIMpuKaAUu
15 muH, 30 muH, 68
5 muH, 95 °C | 30 cek, 95 °C | 30 cek, 63 °C 18
68 °C °C
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Hanee cmech nocne I[P nmoasepramu o6pabdotke pectpukrazoit Dpnl (Thermo
Scientific). K 10 mxn [MHP-npoaykra go6asmsum 2 mxn Oydepa 10x Buffer Tango
(Thermo Scientific), 1 Mk depmenta Dpnl u 7 mxn Boabl. CMech HHKYOUpPOBaJIA TIPH
37 °C B TeyeHHe 6 YacoB. 3aTeM OCYIIECTBISIN TpaHncopManuto mramma E. coli DHS5a
C HCIIOJB30BAaHUEM CMECU Toclie MHKyOaruu. bakrepuanbHble KIETKU BBICEBAIU Ha
CEJICKTUBHYIO cpefly, KyiabTuBHpoBaiu 12-16 vacoB mipu 37 °C, mociie yero otoupamu

TpaHCPOPMaAHTOB.
2.4.3 PexoMOMHAMOHHOE KJIOHUPOBaHue (Gateway)
2.4.3.1 Peakuus ¢ nHabopom BP Clonase

Jlist mpoBeieHUsT KIIOHUPOBaHUs Hcnoiab3oBanu Habop BP Clonase™ II Enzyme
mix (Thermo Fisher Scientific). KomnoHeHTHI peakiinoHHOM cMecH:

1) TILP-pparmenrt c att caiitamu — 1 MKJT;

2) Bekrtop Haznauenus (pDONR221) — 150 Hr;

3) BP-kmonasza 2 — 1 Mk,

4) bydep TE — no 9 mxn.

Cwmech mHKYOMpoBanu npu 25 °C B TeUEHHE 2 YacoB, MOCIE Yero J00aBisin 1

MKJI pacTBopa nporenHassl K u3 Habopa u uakyouposanu 10 munyt npu 37 °C.
2.4.3.2 Peakuus ¢ Habopom LR Clonase

Jlist mpoBeAeHusT KJIOHUpOBaHus uctonb3oBaiu Habop LR Clonase™ II Enzyme
mix (Thermo Fisher Scientific). KomnoHeHTHI peakiinoHHON cMecH:

1) pDONR221 c renom untepeca — 150 Hr;

2) Bekrop Haznauenuss (pDest527, pVSGW-ccdB, pAG416GDP-EGFP,

pAG416GPD-EYFP-ccdB, pAG415GPD-Cerulean-ccdB) — 150 =r;

3) LR-kionaza 2 — 1 MKJ;

4) Bydep TE (10 MM Tris-HCI, 1 MM EDTA (pH 8.0)) — 10 9 MKi1.

Cmech MHKyOUpOBaM mpu 25 °C B TEUEHHE 2 YacOB, MOCTE Yero M00aBIIsIIN

1 Mk pactBopa npotenHasbl K n3 Habopa u nakyouposanmu 10 munyt nipu 37 °C.
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2.4.4 Tlonyuyenune muasmuabl pDest527-nSNCA

JIig MpOyKIIMU HATHUBHOTO O-CHHYKJIEeHHa (0Syn) B KieTkax Oakrtepuil E.coli
Obla ckoHcTpynpoBaHa 1masmuna pDest527-nSNCA (n — ot native). [ 3Tor0 MBI
BbIpe3asin (PparMeHT JJIMHOU 72 11.0., HECYIIMI y4acTOK, KoAupyromui MeTky 6xHis, ¢
MOMOUIBIO PECTPUKIUU C ucnoib3zoBanueM ¢epmenTtoB Ndel (Fermentas) u Ncol

(Fermentas) u3 miasmuast pDest527-SNCA (PucyHoxk 8).

(88) Ndel BglIl (93)
BglII (123)
Ncol (160)

pDest527-SNCA

6102 bp

Pucynoxk 8. ®usunveckass kapra miaasmuabl pDest527-SNCA. Ndel, Ncol u Bglll
YKa3bIBalOT Ha pAaCIOJOKEHUE OJHOMMEHHBIX CaWTOB pecTpukumu. 17 20-mer u
T7 Terminator 0003Ha4alOT MeCTa MOCAAKU MpaiimMepoB, ucnoiabdyembix ais [P c
KOJIOHHM.

@parMeHTbl TUIa3MUAbBl  mociae oOpabotku pectpuktazaMmu Ndel u  Ncol
pasmemsiii B 2% (w/v) arapo3Hom rene. JIHK Bwimenmsmum w3 reis, W3MepsUIH
KOHIIEHTpaluio Ha crnektpooromerpe NanoDrop 2000C, a 3arem mnojaBepraiu
obpabotke ¢parmentom KiienoBa (Thermo Scientific) mo meromuke MpPOU3BOIUTEINS.

[Tomryuennyto cmech nakyoupoBanu 10 munyt npu 37 °C, 3arem 10 munyt npu 75 °C
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JUISL LMKIM3auuy 1uiasMusl. Ilociie 3TOro oCylecTBISIM JIMTa3HYI0 pPEaKUUi0 C
nomonipto JIHK-murasst T4 (Thermo Scientific). 3arem TpanchopmupoBaiu
KOMIIETEHTHbIE KJIETKH OaktepuanbHoro mramma E. coli XL10-Gold cmeckio mocie
JUrasHod peaxkiuu. TpaHcOpMaHTOB BBICEBAIM HA YalmIku co cpemoi LB ¢
no0aBJIeHUEeM aMOUIWIUIMHA 10 KoHueHTpamuu 100 Mkr/miu. Ha crnenmyromuii neHb
(mpumepHo uepe3 12-16 yacoB) oTOMpanu C YalIKd KOJOHUU TpaHCHOPMAHTOB U
MIPOBEPSUIM HAUTMYHUE HYKHOU KOJMOHUU Iipu nomouu merona [ILP. [ns sToro ¢ vamku
CTEpUJILHOM TMalOuKoM OTOMpaIM KOJOHHMH, KKy U3 HUX pecycneHaupoBaiu B 20
MKJI CTepUJIBHOW BOJABI, U 3aTeM NpoOy mHKyOupoBanmu 5 munyT npu 95 °C. Cmech
ueHTpudyrupoanu npu ckopoctu 14000 06/muH B Teuenue 5 munyT. OTOHMpanu 1 MK
HaJg0Ca04YHOM (pakIMu W UCIOJB30BAIM B KadecTtBe Matpunbl i [IHP ¢
npaitmepamu  T7 Terminator (GCTAGTTATTGCTCAGCG) wu T7  20-mer
(TAATACGACTCACTATAGGG). nsa cunre3a JIHK ucnonp3oBanu Taq noaumepasy
(SibEnzyme) cormacHo pexomeHmammsiM — npousBoautens. [lporpamma  TILP

npejcTaBiieHa B Tabiuile 8. Beero Obuio npoananu3npoBaHo 53 TpanchopmaHTa.

Tabamua 8 — IIporpamma ammimmpukanuu JHK, koaupyomen a-cuHyKJIeHH

Avminpuxanusa JHK

Jenarypanus KosunyecTBo 3aBepuienue
JleHaTypauus OTkur Cunres

JHK IHKJIOB cunresa JIHK

JHK npaiiMepoB JHK
amMIIMpUKALUT

60 cek,

5 mun, 94 °C | 30 cek, 94 °C | 30 cek, 55 °C 79 o 30 5 muH, 72 °C

Hamuune u pasmep [TIP-ipoaykToB mpoBepsiid MPU MOMOITH 3JIeKTpodopesa B
2% (w/v) arapo3nom rene. [Ipu Beipe3anun u3 minazmuabl pDest527-SNCA ¢parmenra,
Hecymero Metky 6xHis, pasmep mmasMuibl yMeHbIIaeTcs Ha 72 1mo. Mbl
nerexktupoBanu [IP-npoaykr oxumaemoro pasmepa (Ha 72 1.0. MEHbIIE IO
CPaBHEHHMIO C UCXOJAHOM IJIa3MUJION ).

JIOTIOMTHUTENBHOW ~ TIPOBEPKOW  OTCYTCTBUS B Iasmuae  (parmenTa,

Komupytoiero metky 6xHis, siBnsiercs 00padoTka pectpukrtazoit BglIl, T.x. B ucxonnou
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MJIa3MUJIE CalThl PECTPHUKIIMU ATOrO0 (PEepMEHTa HAaXOMATCS TOJBKO B BBIPE3aeMOM
dbparmenTte (Pucynox 8). 3 0TOOpaHHBIX KJIOHOB BBIJCISUIA TIA3MHIBI, KOTOPBIEC 3aTEM
obpabateiBanin epmernToM Bglll, uT0OBI TpOBEpPUTH, MPOU3OILIO JIM pa3pe3aHue
wiasmMuabl. KoHcTpykimn, kotopeie He Obutn ruaponu3oBansl Bglll, ucnonszoBanu st
TpaHchopmanuu OakrepuanbHoro mramma E. coli NiCo21(DE3).

Eme omnoil mpoBepkol ycHemHOro BbIpe3aHus (PparMeHTa, HECYIIEro METKY
6xHis, sBnsiack BecTepH-OJIOT THOpUAN3AIAA ¢ aHTUTENIaMu K MeTke 6xHis, T.x. ipu
NOTepe ITOM METKU O€JI0K, CAHTE3UPYIOIIUICS B KJIETKaX TPaHC(HOPMAHTOB, HE JOJIKEH
CBS3BIBaTh ATH aHTUTena. [lpum 3ToM HEoOXommMo ObUTO yOEIUTHCS, YTO KIICTKH
CBEpXIIPOAYLUPYIOT O€JIIOK HYXHOTO pa3Mmepa. TpanchopmaHTOB OakTEpUaIbHOIO
mramma E. coli NiCo21 3aceBanu B CeIEKTHUBHYIO XHIKYIO cpeny LB ¢ nmobaBnenuem
aMITUIWIUIMHA U UTHKYOUpOBaiu B TeueHHe Houd. Ha cienyromuil 1eHb 3TH KyJbTYphI
pazBogmu g0 OD(600 M) = 0,3, otOupanu 1 M aJIMKBOTHI «J0 HHAYKIIUKN» H
nobapisii K ocrtapiieiicss kynbrype | MM IPTG nisi MHAYyKIUMM CBEPXIPOIYKIIUA
a-cuHyKJIenHa. Yepe3 1Ba uyaca oTOuMpanu TpoObl I MPOBEPKH  HATUYHS
O-CUHYKJEenHa ¢ wucnons3oBanueM Meroga SDS-PAGE. Ilepen HaHeceHueM
OCAXKJEHHbIE KJIETKM HMHKyOupoBanu mnpu 100 °C B TeyeHue 5 MUHYT, a 3aTeM
HEeHTPUPYTUPOBAIM TOJTYYCHHYI0 CMECh Ha MaKCHUMaJbHOW CKkopocTu B TeueHue 30
CeKyHJ. OneKkTpodope3 MPOBOIWIM B JBYX MOBTOPHOCTIX. benku w3 omHOTO ress
MIOUPOBAJIM HAa MeMOpaHy C TIOMOIIBI0 TIOJYyCYyXOro rmnepeHoca. BectepH-0510T
rUOpUIN3AIMI0 TIPOBOJIUIIM COTJIACHO METOJUKE, ONUCAaHHOW B pasmene 2.5.8. s
UAEHTUPUKALIMN O-CUHYKJIeMHa C¢ MeTkod OxHis ObulM HMCHOJIb30BaHbl AaHTUTENA
Anti-His (GE Healthcare) B pasegenuu 1:4000 B O6ydepe TTBS ¢ nobaBneHuem
Blocking Agent (Amersham) mo 1% (w/v), B kadecTBe BTOpUYHBIX — aHTUTeNa K 1gG
Mmbiu (Amersham) B pa3senenuu 1:20000 B 6ydepe TTBS ¢ nobasnennem Blocking
Agent (Amersham) no 0,2% (w/v). Bropo#i rens ucnonb3oBasiu s okpacku Kymaccu

JUIS KOHTPOJISI HaHECSHMS OelIKa.
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2.4.5 CexBeHUpOBaHME

CexBeHHpOBaHUE TUIA3MUJ, MOJYYCHHBIX B X0J€¢ PabOThI, IPOBEICHO Ha 0Oasze
pecypcHoro 1eHTpa «Pa3BuTHe MOJEKYISIPHBIX W KIETOYHBIX TexHosorwmiy CIIOITY.
[TonyueHHBIE XpOMaTOrpaMMbl aHAJIM3UPOBAIM IMpU momomu mporpamMm Unipro
UGENE [331] u Chromas (version 2.6.6 (2018)). Jlna cexkBeHUpOBaHMS TIJIA3MHU/T
ucrnoas3oBanu cranpaptaeie npaiimepsl: EGFP-C, BGH Reverse, CMV Forward, T7,

T7 Terminal, M13 Fwd(GW) u M13 Rev(GW).
2.4.6 Onpenenenue BEKUBAEMOCTH KJIeTOK ¢ momombio MTT-Tecta

96-1IyHOUYHBIA KyJIbTYpajbHbIM IUIAHIIET 3aceBanu kinetkamu HEK293T B
komuuectBe 5000 knetok Ha JyHKy B 100 MK cpeapl M MHKYOMpPOBalU IpHU
temmneparype 37 °C B armocdepe 5% CO,. Uepes 24 yaca KICTKH TPaHCHUIIUPOBAIH
KOHCTPYKIUSIMU, COAEPKAIIMMU TTOCJIEI0BATEILHOCTH, KOAUPYIOIINE OCJIKHU MHTEpeca.
B kauyecTBe OTPHUIIATENILHOTO KOHTPOJSI CIYXHJIM KIETKH, TpaHC)UIIMPOBAHHbBIE
BekTopoM pgLAPI1, mpoaymupyromme EGFP. Uepe3 24 waca mocne TpaHcekunu B
JYHKHU K KjieTKaMm ao06aisuii o 10 Mk pactBopa MTT u unkyoupoBanu 4 daca, 3aTem
K kierkam go6asisim 100 Mk pactBopa st pactBopeHusi opmazana (FineTest) u
UHKyOupoBasin eme 4 yaca. ONTHYECKOE MOIMVIOLWEHUE H3MEPSUIM MNpPU MOMOUIA
mynbTuMmoansHoro pugepa CLARIOstar Plus (BMG LABTECH) B nuamazone ot 560
10 600 uM. J[Jist M13MEpEeHUsT KOJIMYECTBA BBIKMBIIKMX KJIETOK 3HAYEHHUE MOTJIOIICHUS B
OMBITHBIX  JYHKAaX  JIEMWJIM HAa  3HAUYCHHE B  KOHTPOJBHBIX  JIYHKax ¢

HETPaHCHUITUPOBAHHBIMH KJICTKAMHU.
2.5 buoxumMuuecKkue MeTOaAbl
2.5.1 lenaTrypupyromuii 3jiekTpodope3 B nomuakpuiaamMmuaaom rejae (SDS-PAGE)

Onextpodope3 MPOBOIUIN MO cTaHAapTHOW Metomauke [327,332] mpu 180V B
teueHue 50-60 munyTt. B pabote ucnonszoBasiu 5% (w/v) kKoHueHtpupyomuii u 15%
(w/v) paznmensitomuii renu. K obpasmy O6enka mo0aBisiiii 4eThIpeXKpaTHBIA Oydep as

Hanecenus (8% (w/v) SDS, 0,25 M Tris-HCI (pH 6.,8), 20% (w/v) rmuneput, 8% (w/v)
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B-mepxantostanon (BME), 0,2% (w/v) OpoMdeHOnoBbIi CHHUI) U KUISATIIA 5 MUHYT
npu 100 °C. Eciin He06X01uMO OBIJIO OIEHUTH arperamnuio Oelka, mMpoObkl TOTOBHIIN B
JIBYX TIOBTOPHOCTSIX: OJIHY KUIISITHIIA 5 MUHYT, BTOPYIO HHKYOHPOBAJIU NP KOMHATHOMN

TeMIIepaType.
2.5.2 OxpammBanue rejis kpacureiem Kymacceu

ITocne SDS-PAGE renp npomsiBaJii BOAOW M 3aT€M MOMENIAIA B PacTBOP
Kymaccu (0,25% (w/v) Kymaccu Brilliant blue, 40% (v/v) atanon, 10% (v/v) ykcycHas
KUCTIOTAa) U KUIMATWIM B TeueHue 1 MuHYTh. W3AMIIKK KpacuTens OTMBIBAIU

KUIISTYEHUEM B BOJIE.
2.5.3 Iloaycyxoi nmepeHoc 0eJIKOB HA MeMOpaHy

Jliist mepeHoca 0enkoB Ha MeMOpaHy 1o meTtojuke [333] ucnosb30Balid CUCTEMY
obicTporo mepenoca Trans-Blot Turbo (Bio-Rad), PVDF memOpany Amersham wu
BarMaHn Whatman International Ltd. MewmOpany mnepea  uCHOIb30BaHUEM
MpeIBapUTENbHO aKTUBUPOBAJIM B METAaHOJIE M TPOMBIBaM B Oydepe s mepeHoca
(20% (v/v) wmeranon, 0,2 M Tris, 25 MM rauuud). Ha HWKHUNH 3JI€KTPOJ
MOCJIEOBAaTEILHO  BBIKJIAJbIBANIM:  CHElUadbHyl0 TyOKy; 1 JHCT BarMmaHa,
COOTBETCTBYIOIIUI pazMepaM MeMOpaHbl U rejsi, MeMOpaHy; Telib, | JUCT BaTMaHa u
BTOpyl0 TyOKy. Kaxaplii KOMIIOHEHT Tepea HCIOJb30BaHUEM MPEIBAPUTEIIHHO
cmaunBaium B Oydepe misa mepeHoca. [lepenoc mpoBomwmm mpu 25B B TeueHue

30 MHUHYT.
2.5.4 Boiesienue 0€JIKOB M3 KJIE€TOK MJIEKONMUTAIOIIHAX

Knerku HEK293T wuyepe3 cyrku mnocie TpaHCPEKIMH CMBIBAJM C Yallek
pactBopoM TpurnicuHa-Bepcena (buosot). Knetku ocaxknanu neHTpudyrupoBaHueM
npu 1200 o6/mMuH B TeueHue 5 MuHyT. K ocajky KieTOK a00aBiIssiM paBHbI 00beM
RIPA 6ydepa (150 MM NaCl, 1% (w/v) Triton X-100, 0,5% (w/v) ne3okcuxoiar
Hatpus, 0,1% (w/v) SDS, 50 mM Tris-HCl (pH 8,0), 2 MM PMSF, 10 mr/mn

neiinentuHa, 20% (v/v) unrubutopoB mnpoteas (Sigma P8340-5ML)). Knertku
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uHKyOupoBaiu B Oydepe B TeueHue 30 MUHYT BO Jiby. 3aTeM pacTBOp oOpabaThiBaIn
yibTpa3BykoM (10 cexkynn mpu momHoctH 50% yiabTpa3ByKOBOIO T'OMOT€HH3aTOpa
Bandelin SONOPULS HD 2070). Kierounslit 1edpuc codrpanu HeHTpUuPpyrupoBaHUEM
Ha ckopocTtu 2000 06/mun nipu 4 °C B Teuenue 10 munyT. CynepHaTaHT UCIOIB30BaIH

1151 ipurotoBiieHus mpood s SDD-AGE.
2.5.5 BoigesieHue 0€eJIKOB U3 KJIETOK JAPOAIKel

Krnetkn npoxoxkeit S. cerevisiae KyabTHBHUPOBAJIM Ha CEJECKTUBHOW cpene [0
OD(600 am) = 0,4 u cobupanu neHTpudyrupopanrem Ha ckopoctd 5000 06/muH.
DKCTpaKIUI0 OEIKOB MPOBOIUIM B COOTBETCTBHHM C OMyOJWKOBAHHBIM IPOTOKOJIOM
[33], 3a uckaroueHrneM MoauduIpoBanHoro Iu3upyromiero oydepa (100 MM Tris-HCI
(pH 7,6), 2 MM PMSF, 10 MM BME, 4% (v/v) uaruoutopoB nporea3 (Sigma, P8215)).
[lomydyeHHbIli  OCNKOBBIM  JM3aT  HMCHOJB30BAIM  JJIA  MOJYJEHATYPUPYIOIIETO

anekTpodopesa B arapo3nom rese (SDD-AGE).
2.5.6 Ilosxynenarypupyroumui dj1ekrpogopes B arapo3aom reJse (SDD-AGE)

s snexktpodopesa roropuwu 1,5% (w/v) arapossblii renib B oqHOKkpatHoM TAE
(40MM Tris, 20 MM yxkcycHast kucnota, pH 8.3, 1 MM EDTA) 6ydepe ¢ nobasieHuem
0,1% (w/v) SDS. l'enp 3amuBaiii Ha TOJJIOKKY M JlaBaJid 3acThiTh. Kamepy s
aneKTpodope3a yCTaHABIMBAIM BO JbAY. OiekTpodope3 mpoBoaminm 4 dyaca mpu
HanpspkeHun 30 B. [Ins omenku arperarnuu rotoBuiid nBe mpoObl. K oOpasmam
n00aByIsIM YeThIpeXKpaTHbI Oydep s HaHneceHus (8% (w/v) SDS, 2X TAE, 20%
(w/v) rmuuepun, 0,2% (w/v) 6pomdenonoBsiii cunuit). K omHoil npobe no0aBisiu
BME 1o 2% (v/v), x apyro# — Boay. [IpoOb1 mHKyOMpOBamu 5 MUHYT IpU KOMHATHOU

temneparype [334].
2.5.7 KanuJuisipHbIii IepeHoc

st mepenoca ucnosb3oBasiu PVDF memOpany Amersham u Batman Whatman
International Ltd. Cuctema cocrosiyia U3 CleAyIomuX KOMIOHEHTOB, COOTBETCTBYIOIIUX

pa3Mepy rejsi: cTomnka (UIBTPOBAIBHONW OyMaru BBICOTOW 2—3 CM; TpH CyXUX JIMCTa
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BaTMaHa; JiBa JHCTa BaTMaHa, cModeHHbIe B Oydepe TBS (30 MM Tris-HCI (pH 7.,4),
150 MM NaCl). Ceepxy pa3mernianu MeMOpaHy, T'ejib U JBa JIMCTa BATMaHa, CMOYCHHBIX
B TBS. Cucremy cBepxy HakpbIBadM “‘QuTuiéM” — TOJOCKON BaTMaHa, HIMPUHON
PaBHOW IIMPUHE TeJid — U OMYCKalu €ro KOHIaMHu B KioBeThl ¢ TBS, Haxoasummucs
BbIIlIe cucTeMbl. [lepen ucnonbzoBaHueM MeMOpaHy MpeABaApPUTENIbHO aKTUBUPOBAIHU B
MeTaHosie W mpombiBaii B Oydepe TBS. Ha Bepx cucrembl nomMemanu rpy3 H

MHKyOupoBayu 1ipu 4 °C B TeUeHUE HOYMU.
2.5.8 BectepH-0,10T rudpuan3zanmsi

BectepH-0110T rubpuau3anyio MpoOBOIUIN COTJIACHO ONMCAaHHON MeTtoauke [335].
MemOpany mnocie nepeHoca MHKyOMpoBasu Ipu nepemermmBanuu B Oydpepe TTBS
(50 MM Tris-HC1 (pH 7.6), 150 MM NaCl, 0,1% (v/v) Tween-20) ¢ nobaBieHuEM
Blocking Agent (Amersham) no 1% (w/v) B TeueHue 15 munyT. 3aTeM mMeMOpaHy
WHKYOUPOBAJIM C MEPBUYHBIMU aHTUTENAMH | 4ac W MOCJE 3TOro OTMBIBAIHM Oydepom
TTBS Tpu pa3a no 15 munyr. [Jns nerekuuun OenkoB ¢ metkod EGFP B kadecTtBe
nepBUYHBIX aHTUTEN ucnoiab3oBanu Anti-Tag(CGY)FP (EBporen) B pazseaenun 1:4000
B Oy(epe TTBS ¢ nobasnennem Blocking Agent (Amersham) no 1% (w/v), B kauecTBe
BTOpUYHBIX — aHTUTENA K [gG kponuka (Cytiva) B pasBenenun 1:20000 B 6ydepe TTBS
c nobasnenuem Blocking Agent (Amersham) no 0,2% (w/v). Qs netekiuu OENKOB C
MeTkoi 6xHis B kadecTBe NEpBUYHBIX aHTUTEN wHcnoib3oBaiu Anti-His (GE
Healthcare) B passegenun 1:4000 B 6ydepe TTBS c mobGaenenumem Blocking Agent
(Amersham) g0 1% (w/v), B KadecTBE BTOPUYHBIX — aHTUTeNa K [gG Mblmu
(Amersham) B pazsenenuu 1:20000 B 6ydepe TTBS ¢ nobasnenuem Blocking Agent
(Amersham) gm0 0,2% (w/v). Tlocnme oOTMBIBKM MeMOpaHy WHKYOMpOBaal CO
BTOPUYHBIMU aHTUTENIaMH, KOHBIOTMPOBAHHBIMU C TEPOKCHIA30i XpeHa B TEUCHHE
1 yaca. Jlanee memOpaHy cHOBa OTMbIBaIM OoTMbIBaH Oydepom TTBS Tpu paza mo
15 munyT. 3aTemM MemMOpaHy 00pabaThIBaIM CMEChIO pEareHTOB (PAacTBOPOM JIFOMHHOJIA
U pacTBOpOM Iepekucu Bogopoaa B cootHomennu 1:1) (Amersha ECL Select Western
Blotting Detection Reagent). JleTekinio XeMHUIFOMUHECIIEHITUN TTPOBOIUITN HA PUOOpE

GeneGnome (SynGene).
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2.6 BoiiesieHHe ¥ OYHCTKA PEKOMOMHAHTHBIX 0€JIKOB U3 KyJabTyp E.coli
2.6.1 BbiesieHre M 0YMCTKA HATUBHOTO (-CHHYKJIEHHA

Jns HapaOOTKM MpenapaTUBHOTO KOJMYECTBa O€NKka HOYHYIO KYJIbTYPY
OaktepuanbHoro mramma E. coli NiCo21(DE3), tpanchopMUpOBaHHOTO IIa3MUIO0N
pDest527-nSNCA, pa3oaunu B 100 pa3 u KyJIbTUBUPOBAJIM MPUMEPHO JBA 4Yaca MpH
temniepatype 37 °C. Ilo goctmwxennn OD(600 HmM) = 0,3 OCymIECTBISIN UHAYKIUIO
nob6asnenueM IPTG no konnenTpanuu 1 MM 1 pacTUiIM KJIETKH B TCUCHHUE 5 4acoB.

BreieneHne ¥ OYMCTKY MpEMapaTHUBHBIX KOJMYECTB O€Ka O-CHUHYKJIEHMHA W3
OAaKTEpHAIIBHOTO IIITAMMOB MPOBOJWIM HAa OCHOBAaHUU paHee OMyOJMKOBAHHOIO
nporokona [336]. Ocanok kieTok ¢ 1 11 KynsTypbl pecycrienaupoBanu B 100 mu Oydepa
st ocMotruyeckoro 1moka (30 MM Tris-HC1 (pH 7,2), 40% (w/v) caxapossl, 2 MM
OATA) u uakyoupoBanu 10 MUHYT pU KOMHATHOM TeMIIEpaType U MepeMelIiBaHuH.
CynepHaTtaHT, COJIepIKaILINA MEPUILIIa3MaTUYECKU I 0eIoK, coOupanu
uentpudyrupoBanuem npu 13500 g B Teuenue 20 munyT nipu 4 °C u 1MaIM3UpOBaIu B
cneruanbHbix Kaccetax (Thermo Scientific) mpotuB Oydbep A (20 MM Tris-HCI
(pH 8,0)) B cootHomienue 1:50 B TeyeHue HouM. OcanoK, OCTABIIMICS TMOCIE
HeHTpUyrupoBanusi, coxpansuii npu 4 °C 1151 KOHTPOJIS BbIIEIEHUs OeKa.

Hanocanounyro ¢gpaxiuio, cogepxaiiyro rnepuriazMaTuieckuii 0emox B 0ydepe
A, Hanocwin Ha koioHky HiTrap Q HP (5 mu) (GE Healthcare), ypaBHOBelIeHHY10
oydpepom A, m smompoBasm TrpagueHToM NaCl 0-1 M B Oydepe A ¢ momomipio
npuodopa NGC (Bio-Rad). CkopocTh moToka Ha BCEX CTaAMSAX COCTABIsUIA S5 MIJI/MUH.
DnoupoBaHHble Gpakiuu coOupanu Ha Kosuiektope ¢pakuuii BioFrac (Bio-Rad) u
aHanmm3upoBasi  nipu  nomor  SDS-PAGE ¢ ucnonp3oBanuem  15%  (w/v)
pa3lensIoero nojauakpuiaMuaHoro reis. dpakiuu, coaepikaliyue LeaeBod Oelnok,
OOBEAUHSIN M KOHIEHTPUPOBAIU TPH TOMOIIM IEHTPU(YKHOTO KOHIICHTPATOPA
Amicon Ultra-15 ¢ qmamerpom nop 3 k/la (Merck).

JIOTIOTHUTENbHYIO OYUCTKY O-CHHYKJIEHMHA OCYILIECTBISIIM METOJAOM Teilb-
dbunsTpanuu Ha kosnonke HilLoad 16/600 Superdex 75 pg (GE Healthcare) ¢ momortibio
npubopa NGC (Bio-Rad). CxonuenTpupoBanHbiii 0enok B 0ydepe A B o0beme 0,5 mi
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HAHOCHJIM Ha KOJIOHKY HPH CKOPOCTH MoToKa 0,5 MII/MUH U 3II0MpoBain 1,5 o0bemMaMu
KOJIOHKH 3THM ke Oydepom mpu ckopoctu motoka 0,5 mi/mMun. @pakuun, coaeprraniie
IeJIeBON OeNoK, OOBEAWHSIA W KOHIEHTPUPOBAIM TPH TMOMOINU LEHTPHU(YKHOTO
koHneHTpatopa Amicon Ultra-15 ¢ amamerpom mop 3 k/la (Merck), a 3aTem XpaHuau

nipu -80 °C.
2.6.2 Boigesenne u ounctka ¢gparmentoB NOS1AP

Jist HapaOOTKM TMpEmapaTUBHOIO KOJUYEeCTBA Oelika HOYHYIO KYJIbTYpPY
OakTepuasibHOro mramMmma £E.  coli T7, TpaHc(OPMUPOBAHHOIO IUIA3MUIAMU
pDest527-NOS1AP(292-390) u pDest527-NOS1AP(391-506), pazpoaunu B 100 pa3 u
KyJIbTUBUPOBAIM TMpUMEpHO JnBa uaca mpu Temneparype 37 °C. Ilo mocTmwkeHHH
OD(600 um) = 0,5 ocymecTBIsIM UHAYKIUIO noOaBieHueM [PTG 1o koHIeHTpanuu
1 MM u KyapTUBUpPOBaIH KJIETKH npu 26 °C B Te€UEHHE 5 4acoB.

Knerku E.coli mociie ocaklieHUs PECyCIeHAMPOBAIN B JIM3UpYIOIEeM Oydepe
(85 MM Tpuc-HCI (pH 8,0), 8 M MoueBuHa) B cooTHomieHur 10 ma Ha 1 r KJIETOK U
unkyoupoBasiu npu 26 °C B Teuenne 40-50 munyTt. Cycnensuto oOpabarbiBaiu
ynbTpazBykoM (3 uukna mo 10 cekynn npu momiHOocTH 50% yabTPa3ByKOBOTO
romorennzaropa Bandelin SONOPULS HD 2070). Knerounslii nedpuc cobupanu
nenrpudyrupoBannem Ha ckopoctu 30000 o6/mMun mpu 10 °C B Teuenue 20 MHUHYT.
CynepHatanT ¢ n00aBiIeHMEM HMMHAA30Jla 10 KOLlEHTpauuu S5 MM HaHOCHMIM Ha
kojonky HisTrap HP (5 mn) (GE Healthcare), ypaBHOBEIIEHHYIO MPOMBIBOUYHBIM
oydpepom (85 MM Tpuc-HCl (pH 8,0), 8 M MoueBuna, 5 MM wumunazona). s
ylajJeHus] HecNenu(UYECKH CBSI3aBIIUXCS C KOJOHKON OEJIKOB TMOCIEe HAHECCHHS
CyliepHaTaHTa €€ MPOMBIBAIIA TeM ke Oydepom ¢ nobaBineHueM umuaazona a0 20 MmM.
benku NOS1AP(292-390) u NOS1AP(391-506) snroupoBaiu rpaJiu€HTOM UMH]1a30J1a
20-400 MM. DmroupoBaHHBIC (pakiuu coOupanu Ha KoJuiekTope dpakuuii BioFrac
(Bio-Rad) n ananusupoBamu npu nomorun SDS-PAGE ¢ ucnonszoBanunem 15% (w/v)
pazzensoero nojaMakpuiaMuanoro rens. dpakiuu, cojaepikamiyue LeIeBOd Oelok,
OOBEAUHSIN M KOHIEHTPUPOBAIM TPH TOMOIIM IEHTPU(YKHOTO KOHIICHTPATOPA

Amicon Ultra-15 ¢ gumametrpom mnop 3 klla (Merck). JomomHutenbHO Oenok
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KOHIIEHTPUPOBAJIHN MPU MOMOIIM HeHTpU(yXHOro KoHeHTparopa Amicon Ultra-0,5 c

nuametpom nop 3 x/la (Merck).
2.7 AHaiu3 arperamum uccJjeayeMbix 0eJIKOB
2.7.1 Arperauusi 0-CHHYKJIEHHA B YCJIOBUAX in Vitro

MoHoMepbI 0-CUHYKJIEMHA B KOHLIEHTpAaIMK 5 MI/MJI B cTepuiibHOM Oydepe PBS
(137 MM NaCl, 2,7 mM KCl, 10 MM Na,HPO,, 1,76 MM KH,PO, (pH 7,4))
uHKyOupoBanu npu 37 °C U nepeBOpadrBaHUM «4epe3 royioBy» Ha porarope (BioSan).
[lepen HauamoMm MHKyOaluu OTOMpanu MpoOy MOHOMEPHOro OelKa M COXPaHsUIU €e€.
3ateM orTOupanu npoOy uyepe3 naBe Henenu wuHKyoOaruu. [IpoObl oxpammBamu ¢

noMoIbeio THo(aBuHa T M CpaBHUBAIM MHTEHCUBHOCTH €0 (DITyOPECIISHITHH.
2.7.2 Arperauus ¢pparmenra NOS1AP(292-390) B yca10BuUsIX in vitro

st UCCIIeI0BAHUS BO3MOKHOCTHU aMUJIOUIOTEHHOTO dbparmenta
NOS1TAP(292-390) 00pa3oBbIBaTh arperatsl in Vvitro OYUIICHHBIA OEIIOK PacTBOPSIIU B
oydbepe PBS (137 MM NaCl, 2,7 mM KCI, 10 MM Na,HPO,, 1,76 mM KH,PO,
(pH 7,4)) no xouuentparuu 1 mr/min u uakyoupoBanu npu 37 °C Ha porarope npu
NepeMeIIuBaHuN «4epe3 ToJoBy» Ha potatope (BioSan). Uepes 7 nHeit k oOpasily

oenka 1o6aBsuM THOGIaBUH T ¥ U3MEPSIIN HHTEHCUBHOCTD €r0 (PIIyOpECLICHIINH.
2.7.3 OxpammBanue 0esika TuogpiaBuaom T

K pactBopy 6enka B PBS nmo6aBnsiim tuodnaBun T (ThT) go xoHueHTpamuu
40 mxM, nepememuBany, 3atemM 150 Mk mpo6sl HaHocwiM B mianimeT (Corning 3603)
c yepHbiMH cTeHKamu. Pnyopecuenuuio ThT Bo30yknanu u3JIydeHHEM C JJIMHON
BOJHBI 450+16 HM W perucTpupoBaid B Juana3zoHe MIMH BoidH oT 478+10 mo
600+£10 HM u3Mepsau npu nomou MyJiabTUMoaanbHoro pujepa CLARIOstar Plus

(BMG LABTECH).
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2.7.4 AHaIu3 KNHETUKHU arperauuu 0eJikoB

JUiss  mpoBeAeHUs PpEAKUUU HCHOJB30BAIM  96-TyHOUHBIE IUIAHILIETHl C
MPO3pAavYHBIM THOM M YepHBIM I[BeToM CcTeHOK JyHOK (Corning 3603). B mmanmerte
JYHKH 110 niepudepun 3anoiausin 150 Mkt Bojbl. Takke 3aNOJHSIN BCE MEXKITYHOUHbIE
npoctpancTBa 100 Mk Boabl. B sTyHKH 100aBIsUIM MOHOMEPHI UCCIIENYEMOTO OenKa J10
KoHUeHTpauu 1,5 mr/mi, TnodunaBun T no xonuentpauuu 40 MxM, a3uj HaTpUsl AJs
NpeloTBpalleHus KOHTaMHHAaMK 10 KoHueHtpamuu 0,05% (w/v). MoHomepsl
0-CHHYKJIEMHA TpEeABApUTENbHO LeHTpudyrupoanu B teueHue 30 munyt nipu 4 °C u
yckopenun 21130 g. Jlna wuccnepoBanus d>Qdekra 3aTpaBKM Ha YCKOpPEHHUE
¢ubpworene3a npu OTpabOTKE METOJa aHalu3a KUHETUKH arperanuu Jo0aBisiin
npeaBapuTeNbHO 00paboTaHHble YibTpa3BykoM (10 cexkyna mpu Momuoct 50%
yIbTpa3BykoBoro romoreHuszaropa Bandelin SONOPULS HD 2070) arperatsl
o-CUHYKJIeMHa. B apyrux cinydasx (QuOpuiuibl MpEeABAapHUTENIbHO YIBTPA3BYKOM HE
oOpalaTeiBasii. B kaxkayro JIyHKY MOMEIIaNu CTEKJISIHHBIN IIApUK JUaMETPOM OKOJIO
3 MM JUIsi paBHOMEPHOI'O NMEpPEMEIINBAaHNS PEAKIMOHHON cMmecH. B nmyHKu noOaBisuim
oydep PBS nmo 150 mxn. Ilnanmier 3akpbIiBajid KPBIIIKOW U IIIOB 3aKJICUBAIU JICHTOU
Parafilm. Jlerekumro arperamuu ocymecTBastin 1npu 37 °C  mnpu  momomu
mynbTumogainbHoro puaepa CLARIOstar Plus (BMG LABTECH). ®nyopecuenuuo
ThT Bo3Oyx)nanu u3Ny4eHHUEM C AJIUHON BOJHBI 448+10 HM W PErHCTPUPOBAIU TPHU
nnuHe BoJiHbI 483+10 HM. JIIUTENBHOCTH OJHOTO IIMKJIA HW3MEPEHMM COCTaBIIsIa
15 MuHyT, Tepex = KaxAbIM = M3MEPEHHUEM  OCYIIECTBISUIOCH  OpOUTAIbHOE
nepemenBanue co ckopocthio 400 06/mMuH B TeueHue 30 cexyH/I.

B xoxe mocnenyroniero aHainusa pe3yJbTaToOB ISl KKIOM peakuuu 3HA4YCHHS
(dayopecleHIIMM HOPMAJIM30BaJIM, NPUHUMAs 3a HOJb MHUHUMAJIbHOE 3HAYEHUS B
Ka)KZI0W MOBTOPHOCTH, a 332 €AMHMILY — MeIHUaHy (PIyOpecleHIIMd Ha CTauu «ILIaTo,
KOTI'/Ia MPOIIECC arperaiuy 3aKaH4yuBaliCa. 3aTeM JJisl KaKJI0M peakiuu Mbl oAOUpaIu

napaMeTpsl cienyroiieit moaenu (Pucynok 9) [337]:
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Pucynoxk 9. CxemaTrnyHoe o0TOOpa:keHHe TMapaMeTPOB MOJeJH KHHETHKHU
arperaumu o-CMHyKJIeMHa. A — kpuBas pocrta QuyopecueHunu Tuodaasuna T B 1ByX
oOpasiax, IoCTpOEHHas M0 UCXOAHBIM 3HauUeHUsAM. b — KpuBas pocra QuiyopecreHuuu
tuoduiaBuHa T B JOByX oOpaslax, MOCTpPOEHHas MO HOPMAJIU30BAaHHBIM 3HAUCHUSIM.
YKazaHbl OCHOBHBIE TapaMeTPbl MOAEIN KMHETKUH arperainu. Al u A2 — HavyaJIbHBIH
u GuHATBHBIN ypoBeHM (IyopecueHuu, X, — Bpems, Korja ¢IyopecieHITus
JIOCTUraeT MOJIOBUHBI OT A2, dx — BennunMHa oOpaTHas CKOPOCTH arperanuu. Bpems
lag-da3bl peakiuu Beuncnsercs Kak lag = xo — 2dx.

2.7.5 N3mepenne KOHLEHTPALMH 0€JIKOB

Konnentparuto 0enka u3Mepsid 1o norjiomnieHuto mpu 280 HM ¢ MonpaBKoii Ha
paccesHue pactBopa. llpu pacuerax KOHUEHTpALMH O-CUHYKJIEHWHA MCIOJb30BAIN
3HaueHHe KOA(QHUIMEHTa MOISPHOM SKCTHHKIHMH, paBHoe 5120 M™ - cm™'.Crextpsl
MOTJIONIEHUST CHUMAJM C TMOMOIIbI0 MynbTuMmonaibHoro pugepa CLARIOstar Plus

(BMG LABTECH) B manmere LVis (BMG LABTECH).
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2.8 Cratucruyeckas o0padoTka

Bcio cratuctudeckyro 00pabOTKy, a TakkKe IOCTPOCHHE TpaduKoB,
OCyHIeCTBIIsUTH ¢ ToMmoieio makera R v. 4.0.2 (2020-06-22) (The R Foundation for
Statistical Computing). [lis BU3yalud3alliu JaHHBIX HCIOJIb30BalU MHakeT «ggplot2y
[338]. CpaBHeHHME KOJHUYECTBEHHBIX TIOKa3aTelIei MPOBOAWIM C HCIOJb30BAHUEM

kpurtepust Bunkokcona-Manna-Yutau [339].
2.9 Muxkpockonus
2.9.1 ®uayopecueHTHASI MUKPOCKONMS

Kynbrypsl kinerok HEK293T ananusupoBaii B KyJIbTypaJbHOM 24-IIyHOYHOM
aHmere uvepe3 24 dyaca 1mocie TpaHCPEKIMH ¢ TMOMOIIbI0 HWHBEPTUPOBAHHOIO
mukpockorna Leica DMI6000 na 6a3ze pecypcHoro neHntpa «Pa3Butue MOJEKYISIPHBIX U
KJIETOUHBIX TexHosorui» CIIoTY.

JUist aHanm3a KIIETOK Jpoxxked S. cerevisiae TpaHC(OPMAHTOB 3aceBajd B
CEJICKTUBHYIO Cpelly M KyJIbTUBHUpOBaIM 10 noctwkenus OD(600 um) = 0,5 — 0,6.
Hanee 1 mu knetok cobupanu neHtTpudyruposanuem mnpu 5000 g B Teyenne | MUHYTHI,
MIPOMBIBAJIM BOJION U coOupanu mpu Tex ke ycnoBusx. Ocanok pecycrnenanupoBaiu B 20
MKJI BOJbl. CyCNEH3UIO KJIETOK HAHOCWJIM Ha NPEAMETHOE CTEKJIO W HaKpbIBAIU
nokpoBHbIM. [Ipenaparsl aHanu3upoBaiin Ha (IYOPECHEHTHOM MHMKpPOCKOoNe AXio

Scope.Al ¢ kamepoii Axiocam 506 color (Zeiss).
2.9.2 IIpocBeuynBaOiasi 3J1EKTPOHHASI MUKPOCKOIUS

Crannaptabie meanbie cetouku (100 wmm 200 Mexeit) mokpeiBaiu (HOpMBapOBOH
rienkoit (0,3% (w/v) pacTBop noauBuHUIGOpMas B XJIopodopme). 3aTeM Ha CETOUKHU
HaHocwin 10 MK HccineayemMoro pactBopa M MHKyOupoBanmu 30 CeKyHA, KUAKOCTb
youpanu ¢unbrpoBasibHONW Oymaroi. [[ns Toro, 4toOwbl yOpaTh msnuiiku Oydepa Ha
ceTouky HaHocwid 10 MKJI BOJbI, KOTOPYIO 3aTeM youpaiu GUIbTPOBAIbLHONW OyMaromu.
B konne wanocwm 10 mxn 1% (w/v) pactBopa ypaHui aierara, WHKyOMpOBaiu

30 cexyH[, OCTaTKH XUAKOCTH youpanu. [locne nmpenapat JOMOTHUTEIBHO MPOMBIBAIH
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HaHecenneM 10 wmxn Boael [340]. Ilpenaparsl aHanuM3HpPOBaIM Ha AJIEKTPOHHOM
mukpockorne Jeol JEM-1400 na 6a3ze pecypcHoro neHtpa «Pa3Butie MONEKyISpPHBIX U
KJIeTouHbIX TexHojorui» CIIOIY. U3mepenne nmuubl (GUOPWILT OCYIIECTBISIN C

MOMOILBIO MporpaMMHOro ooecnieuenust Imagel [341].
2.9.3 IToasipu3anmoOHHASI MUKPOCKOIHUSA

BaktepuanbHyl0 KOJIOHHMIO KJIETOK, BbIpocHiMX Ha cpeie ¢ KoHro KpacHbiM,
pecycnenanpoBanu B 10 MK BOJbI, HAHOCUJIM Ha MPEIMETHOE CTEKJIO M HaKpbIBAIU
MOKPOBHBIM CTeKJIoM. O0paszen uccaeqoBalId B MPOXOJSAIIEM U MOJSIPU30BAHHOM CBETE
Ha WHBEPTHUPOBaHHOM uyopeciieHTHOM Mukpockorne Leica DMI6000 (PecypcHbiii

nentp CII6I'Y «Pa3BuTue MOJIEKYISPHBIX U KJIETOUYHBIX TEXHOJIOTHID).
2.10 IHouck NMOTEHIHATBHO AMUJIOHAOTeHHbIX Y4acTKOB NOS1AP

Jlns  omnpeneneHuss amuioujgoreHHoro ydactka B Oenke NOSIAP  wbl
Bocnosib3oBauch nporpammor ArchCandy [10]. Beibop mporpammel ObUT OCHOBaH Ha
CepUM CTaTei, B KOTOPHIX ObLIa MPOJAEMOHCTPUPOBaHA €€ BBICOKAS TOYHOCTH IIO
cpaBHeHuto ¢ ananoramu [10,342,343]. C nomompto ArchCandy Mbl mpoBeiau MOUCK
noTeHuanbHbix [-apok B Oenke NOSIAP (moporoBoe 3Hauenue 0,575, 0e3
JOTIOJTHUTENBHBIX BCTpOEHHBIX (GunbTpoB). CoriiacHo opuruHaibHOM cTathe [10],
HaJIM4Mhe XOTS Obl OJTHOM TaKOW CTPYKTYpPbl CBHJIETEIBCTBYET O CIOCOOHOCTH Oelka
dbopmupoBaTh  aMWIOWJHBIE  arperatbl. MBI  Takke  TIPOAHATU3UPOBAIH
aMHUHOKHUCJIOTHYIO TtocieaoBaTeabHOCTh O0enka NOS1AP Ha Hanmuunre mOTEeHIIHATBHBIX

aMUJIOUJIOTEHHBIX YYaCTKOB C MOMOILBIO IPYTUX aJITOPUTMOB, Takux kak Waltz [268],

AGGRESCAN [264] u FoldAmyloid [266].
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3. PE3YJIBTATHBI

3.1. buonngopmarudecknii nouck yuacrka NOS1AP, orseyaromero 3a

arperanmio

benok NOS1AP Obut mpenckazaH Kak MOTEHUIMAIbHBIA aMUJIOU] C MOMOIIBIO
nporpamMmbl ArchCandy [10]. Msl nipoBenu OuoMH(pOPMATHYECKUM aHaM3 C IIEJIbIO
uaeHtudukamu ydactka NOSIAP, BHocsamero Bkjiax B arperauuio Oenka. B
pe3yibTaTe TAaKOro aHaju3a BCE HMCIOJIb30BaHHbIE HAMU MHCTPYMEHTHI IpeacKazaliu
aMUJIOUAOTEeHHbIA (parMeHT B N-KOHIIEBOM yactu Oenka B mno3unusx 1-291.
[lentpanbHas oOnacte (aMuHOKUCIOTHBIE mo3unmu 292-390) NOSIAP wu ero
C-koHueBas yacth (nmo3uruu 391-500) sBisitoTcs aMUJIOUIOTeHHBIMU, coriacHo Waltz
u FoldAmyloid (Pucynok 10). ITo pe3ynpTataM npoBeAEHHOTO aHAIN3a Mbl BBIIBUHYJIU
npeanonoxenue, 4ro ¢dparmeHT NOSIAP ¢ 292 mo 390 aMHUHOKHCIIOTY SIBIISICTCS
amunionaoreHHbiM. [{ns rena NOSIAP 3KCepuMEHTAIbHO MOKAa3aHO CYUIECTBOBAHUE
JIBYX TPAHCKPHUIITOB, OJAMH U3 KOTOPBIX COOTBETCTBYET IMOJHOPA3MEPHOMY OE€NKy, a
BTOpoi — ero C-KOHIIEBOMY YYacTKy (HauMHas ¢ 295 aMHMHOKHCIOTHI), KOTOPBIN
3aXBaThIBACT aMUJIOUJOTCHHBIN parMeHT Oenka (cM. 0030psl [277,278]).

Jlist nanpHelero ananusa mMbl BeIOpanu Tpu yyactka NOS1AP: 1-291, 292-390
u 391-506. BpiOop MMEHHO STHUX YYacCTKOB B IEPBYIO Ouepenb ObLT OCHOBAaH Ha
pesyapTatax nporpammbl ArchCandy. Jlns nanpHelimieid paOoThl ObUIA MOJYYECHBI
wazMubel cepun pDONR221, koaupyroiye nociaeaoBaTeIbHOCTH 3TUX (PparMeHTOB.
DT  KOHCTPYKIIMM B  JlaJIbHEWIIeM ObLIM  MCIOJB30BAHBI  JJISi  TOJIyYEHUS
AKCIPECCUOHHBIX BEKTOPOB JJIS PA3JIMUHBIX MOJCIBHBIX CUCTeM. Bce mnasmMubpl Obuin
MIPOBEPEHBI C MOMOIILIO PECTPUKIIMOHHOTO aHaln3a, a Takxke Mmetoaom IILP. Crogubrit

nepevyeHsb MIa3Mu/l, UCIOJIb30BaHHBIX B pab0Te, MpeIcTaBieH B Tadaule 1.
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Pucynok 10. IlorenumajgbHo amujouaoreHHbie ¢parmentol Oeaxa NOSIAP.
KpacHble  mpSAMOYTrOABHHKH  COOTBETCTBYIOT  IOTCHIMAIBHO  AMUJIOUJOTE€HHBIM
ydacTKaM, TPEICKa3aHHBIM C MOMOIIBIO Pa3HBIX OMOMH(OPMATHYECKUX AITOPUTMOB,
yKa3aHHBIX ClieBa OT rpaduka. BepTUKaIbHBIMH YEpPHBIMH JIUHUSMH OTMEYCHBI TPHU
00JlacTH, COOTBETCTBYIOIIME (PparMeHTaM, MpOaHAIU3UPOBaHHBIM B paboTe. CuHue
MYHKTUPHBIC TMHUA 0003HAYAIOT MOJIOKEHUS IUCTEUHOB.

3.2 Oopa3zoBanue arperaroB 0ejika NOS1AP u ero ¢pparMeHTOB B pa3HbIX

MOACJIBbHBIX CHCTEMAX

B pabote MbI UCIIONIB30BAIM TPU MOJICIBHBIE CUCTEMBI ISl M3YUYEHUsI arperaiuu
NOS1AP: Oakrepuu E. coli (metonuka C-DAGQG), kieTku Opoxken S. cerevisiae, a

TaKXe KyJIbTypbl KIIETOK YEJIOBEKA.

3.2.1 UccaenoBanne aMmuiaonaHbiX cBOMCTB NOS1AP u ero ¢pparmMeHToB B cuUCTEMe

C-DAG

Cucrema C-DAG mno3BonsieT NpOBOAUTH JKCIPECC-NMPOBEPKY aAMUIIOMIHBIX
CBOMCTB O€JIKOB in vivo B kjieTkax OakTtepuil. C €€ MoMOIIbI0 BO3MOXKHO JIETEKTUPOBATH
oOpa30BaHNE aMUJIOUIHBIX arperaToB ¢ XapakTepHoi GuOpmuispHoil Mopdosioruei Ha
MOBEPXHOCTH KJIETOK, a TaKke OLEHUTh HMX CIHOCOOHOCTh CBSI3bIBATh aMUJIOW]I-
cnenuuuHblil kpacutenb KoHro kpacHsii. OgHaKo METOAY MPHUCYIIH W HEJOCTATKH.
Tak, B 3TOW cucTeMe TPYAHO UCCIEA0BATh KPYMHBIE OCTKH, IKCIIOPT KOTOPHIX HAPYKY
OakTepualbHOW KJIETKM MOXET ObITh 3arTpyaHeH [36,323]. Eme omHoil mpobsiemoii
MOKET CTaTh TOKCUYECKUM IPHEKT dy)epoaHoro Oenka Ha kineTku E. coli. I nakower,
yKJagka Oejika MOXET MPOTeKaTb MHBIM O0pa3oM MO CPaBHEHUIO C OPraHU3MOM,

KOTOPBIN MPOAYLIUPYET 3TOT OEJIOK B €CTECTBEHHBIX YCIOBUSX [344].
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B mnasmupax cepun pVSGW, kortopbelie ucnosb3yrorcs B cucteme C-DAG,
UCCJIENYEMBII OEJIOK CIUT C MOCIEA0BATENbHOCTHIO, KOAUPYIOIEH CUTHAIBHBIN MENTH/]
oenka CsgA (CsgAss). 9To nenTua HEOOXO0uM JUIsl IKCIOpTa OejKka Ha MOBEPXHOCTh
kineTok. [lpomykmust xumepHoro Oeika HAaXOIUTCS TMOJ KOHTPOJEM MPOMOTOpa,
uHaynupyemoro apabunoso. Ilnmasmuma pVSGW Obina paHee mojiydeHa B Hauiei
nabopaTopun M SBIsSIeTCS MOAU(UKAIMEH OpPUTHMHANBHBIX KOHCTpyKiui pVS105 u
pVS72 [36]. [ns nocneayronux npoBepok B cucteMe C-DAG Mbl HCONB30BaIN
OpUTHHANBHBIA  OakTepuanbHbld  mTamm  E. coli  VS39  [36], koropblit
TpaHC(POPMHUPOBATH TMOJYUYEHHBIMH BEKTOpaMH. OTH KJIETKH TakkKe COJepxKaT
BCIIOMOTATENIbHYIO IUIa3MUAY JJI CBEPXIPOAYKIHMH OEJIKOB, OTBEYAIOIIMX 3a 3KCIOPT
CsgA Ha mnoBepxHOCTh KJIETOK. COOTBETCTByrOHIash KOHCTPYKLMS HAXOAMTCS IIOA
KOHTPOJIEM JIAKTO3HOT'O IIPOMOTODA, VHIYLIUPYEMOTO uzonponui-f-D-1-
tuoranakronupano3ugom (IPTG). TpancpopMaHTOB KyJIbTUBUPOBAIIN B KUJIKOU Cpejie
COIJIACHO OIyOJMKOBAaHHOMY IPOTOKOJIy M BBICEBAJIM Ha CIEAYIOIIMNA Habop Cpen:
CEJICKTUBHYIO Cpeay MJI COXPaHECHMS IUIa3MUJbI, cpeay ¢ apadbunozoit u IPTG nns
CBEPXIPOAYKIMHU HCCIEIyeMbIX OEIKOB, a Takke €€ MPOU3BOJHYIO C J00aBICHUEM
kpacutens Konro kpacHelil. Kinetku, Hecyiye Ha TOBEPXHOCTH aMUJIOUMIHBIE arperarsl,
OKpalIMBaIOTCA B KPACHBIM IIBET B PE3yjibTaTe CBs3bIBaHUA amMuiaonaoB ¢ Konro
KpPacHbIM. DKCIEPUMEHT B Ka)XJIOM cliydyae OblI MPOBEACH IJIsl MIECTH HE3aBUCHUMBIX
TpaHchopmaHTOB. [loslydeHHbIE pE3yJabTaThl MO3BOJIAIOT MPEANOJIOKUTh, YTO HU
NOSI1AP, uu ero ykopoueHHbIE BapuaHThl HE (POPMUPYIOT aMUJIOMIHBIX arperaroB Ha
MOBEPXHOCTU KJETOK Oakrtepuil. L[BeT wHccieqyeMblx KOJOHUNA HE OTIMYalcs OT
oTpuliatesbHOro KoHTposs (Sup35M). Kietku, cBepxmpoayuupytomue Sup35NM
(MOJIOKUTENBHBIA KOHTPOJb), OKpamuBatoTcd KOHro KpacHBIM B TE€X K€ YCIOBUSX

(Pucynok 11).
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ApabuHoza u IPTG: + +
KOHro KpacHbin:  + -
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Pucynok 11. NOS1AP u ero ¢parmentbl He CBA3bIBAalOT KOHro kKpacHblii B
oaktepuanbuHoii cucreme C-DAG. IlpeacraBnenst Qotorpadum Oakrepuii Ha
pa3IMYHBIX cpefax Ha Tpetui aeHb pocta npu 37 °C. FL — nmonHopasmepHbIil 6enok
NOS1AP, mudpamu yxazanel rpanuinbl ¢parmeHToB NOSIAP, B3STBHIX B aHamms.
Sup35NM u Sup35M OblIM  HUCHOJIB30BaHBl B KAUECTBE MOJIOKUTEIBLHOTO U
OTPUIIATEIBLHOTO KOHTPOJISI, COOTBETCTBEHHO [36]. Ha oHE KpymHBIX KOJIOHUM BUAHBI
0osee mMenkue Oelble KOJIOHUU — KOJIOHUU BTOPUYHOTO POCTa.

OnHuM W3  KIIOYEBBIX CBOMCTB AMWIOWJIHBIX AarperatoB SABJISETCS MX
B3aMMOJICHCTBHE C aMWIOUA-criennduyeckuM KpacutenemM KOHro KpacHbIM ¢
MOCJIEYIOUIUM SI0JIOYHO-3€JIEHBIM JIBYJIYUYEIPEIOMIIEHUEM B MOJSPU30BAHHOM CBETE
[29]. Ilpu uccnenoBaHUU KOJIOHUM OaKTepuid, BHIPOCIIMX Ha CPElle C 3TUM KpacuTelleM,
KIeTku  Oaktepuid, mnpoxymupyrommx NOSIAP wmu  ero  ¢dparmeHTsl, He
MPOJIEMOHCTPUPOBAIM T0M00HBIX CBOMCTB (Pucynox 12). UM3-3a momydeHHBIX
OTpHULATENILHBIX PE3YJIbTATOB JaJIbHEHIIINE MPOBEPKH B 3TOM OaKTepUAIbHON CHUCTEME
ObUTM TIPU3HAHBI HEIEJIECOOOpPa3HbIMU. OKCIEPUMEHT ObUI TMPOBEIECH B Tpex

IMOBTOPHOCT:IX.
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Pucynok 12. NOS1AP u ero ¢parMeHTbl He AEMOHCTPUPYIOT KeJITO-3eJ1CHOe
CBeYeHHE NPH [BOMHOM Jy4YenpeJOMJICHHM B IOJSAPHU30BaHHOM cBere. BF —
npoxonsmuid ceet; POL — monspuzoBanHblii cBet; FL — mosHopasmepHbiii Oenok
NOSTAP, undpamu ykazansl rpanuisl gparmenToB NOS1AP, B3ThIX B aHANU3.

3.2.2 U3yuenne arperanum 6eaxka NOS1AP u ero ¢gparmeHTOB B KJIeTKaX

Apo:xKen S. cerevisiae

Hpoxoku S, cerevisiae SBISAIOTCA OOHOW U3  Haubosiee  MOMYJISIPHBIX
DYKAPUOTUYECKUX MOJCNIEeH Uil HcclieioBaHuiM arperaiuu  OenkoB [9,345-347].
HMMeHHO mO03TOMY MBI MCHOJB30BAJIM 3Ty MOJEIbHYIO CUCTEMY B cBoeil pabote. s
uccnenoBanusi arperaiiui NOS1AP B kieTkax JpoXoKed Mbl TMOMYYWId HaObop

BekTOpoB Ha ocHOBe pAG416-EGFP-ccdB, B K0TOpOM MpOAYKIHMS XUMEPHBIX OEIKOB
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(NOS1AP, mu6o ero d¢parmentoB, cauthix ¢ EGFP) HaxomuTcs moj KOHTpOJEM
KOHCTUTYTHUBHOTO APOXOKEBOro npomoropa rena GAPDH (Tabnuna 1). Jlokanu3arnuto
UCCIIeNyeMbIX OEJIKOB B KJIETKaX MbI TPOAHATU3UPOBAIIHN C MOMOIIBIO (PIIyOpeCIEHTHON
MUKPOCKOTIHUH.

Cornacio nonydeHHbiM pesyiabTataM, NOSIAP u NOSI1AP(1-291) oGpazytor
arperatbl B mtamme Jpoxokeit 2-74-D694 (Pucynok 13). B Toxe Bpems ¢parMeHT
NOS1AP(292-390), kOTOpBIH SIBISETCS aMUJIOWAOTeHHBIM, cormacHo ArchCandy
(Pucynok 1), He oOpasyer ckoruieHu#d B 3TuxX KieTkax (Pucynox 13). Hamm ObLi0
caenaHo HabOmoAeHue, yto ceepxnpoaykuus ¢pparmenta NOS1AP(391-506), koTopsiii
dbopmupyeT amMop@HbIE CKOIUICHUS B KIETKax, MNPUBOAUT K YBEIWYEHUIO pa3Mepa
KJIETOK. MOXHO mnpeanonoxutb, 4to C-koHueBoi PDZ-cBs3biBaromuii JIOMEH,
INPUCYTCTBYIOIIUKA B 3TOM (hparMeHTe, B3auMOJAEHCTBYET ¢ Oenkamu ¢ JomeHoM PDZ.
benku ¢ TakuM JOMEHOM HaxXOJAT y Pa3HbIX OPTaHU3MOB, B TOM UHCIIE U Y APOKKEN S.
cerevisiae [348]. U3BecTHO, 4TO 3Ta YacTh O€JIKa COJAEPIKUT MOTHUBBI, HEOOXOIUMBIC JIJIsI
B3aumozencteua NOSIAP ¢ nNOS B knerkax dyenmoBeka. BeposTHo, 3T
MOCJIEIOBATEILHOCTA MOTYT B3aUMOJICHCTBOBATH C HEKOTOPHIM JPOAKEBBIMHU OEIIKaMH,
YTO U JISKUT B OCHOBE HAOI0J]aeMOro peHOTHTIIA.

° 0 V52 ‘l";”ﬂ(-\'

D @ Qe | = ».JC.;' (%
BF & aQ0 C\ |
@ e )
. €".'..'."4 Qair ™ C;T . o
10 ym ' A CF 3D o
- . . .
1-291 292-390 391-506 EFGP

NOS1AP

Pucynok 13. Besiok NOS1AP u ¢pparment NOS1AP(1-291) oOpa3yroT arperarsl B
KJIeTKax Japoxskeil. [IpencraBnensl MukpodoTorpaduu KIETOK IPOXIKEH IITamMma
[pin’] 2-74-D694, cepxnpoayuupyromue mnosiHopasmepHbii 6emok NOS1AP (FL),
ambo ero ¢parmenTsl (uudpamu ykazanbel rpanuibl pparmeHToB NOS1AP). BF —
npoxomsmuid ceet; EGFP — duyopecuentnsiii curnan EGFP. DkcnepumeHT Obul
MIPOBENIEH B TPEX MOBTOPHOCTSX, MPOAHATU3UPOBAHO HE MeHee 40 moielt 3peHusl.
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Konctpykiusamu, xogupyromumu NOSTAP(1-291) u NOS1AP(391-506), mbl
TpancopmupoBanmu mrtamm 74-D694 (Pucynok 14). OxHolt U3 0cOGEHHOCTEH 3TOTO
mTaMMa sBIseTcs Hanuuwe npuoHa [PIN'] (arperatoB 6enka Rnql). Panee Gbimo
MOKa3aHo, uYTo mpucyTcTBUe ¢akTopa [PIN'] MOXeT cHOCOOCTBOBATh arperaruu
HEKOTOPBIX OCJIKOB B KJETKax Apoxked [349]. Mbl Takke MCHOIB30BAIA U30TCHHBIN

mramm 2-74-D694, B kotopom oTcyTeTByeT dakrop [PIN'] (PucyHok 14).

NOS1AP
1-291 391-506
[pin’] [PIN*] [pin’] [PIN*]
.,}(( g ., =t A
BF 0 N PGk (S‘“TZQ-’_'\_,‘,
= &7 Jae A S A4

EGFP

10 um

Pucynox 14. Illpuon [PIN'] ne Biusier Ha arperanuio ¢pparmentos 1-291 u 391-506
Ooeaxa NOS1AP B kierkax apoxcxeid. [Ipencrasnens! gpororpadun KieTok MTaMMOB
2-74-D694 ([pin’]) u 74-D694 ([PIN']), TpaHC(hOPMHUPOBAHHBIX TIA3MHIAMH CEPUH
pAG416-EGFP, B mpoxoasmem cBere (BF) u d¢uayopecuennimu EGFP (EGFP).
[Mudpamu ykazansl rpanuiibl pparmeHToB NOS1AP, B3THIX B aHAIN3.

IIpucyrcTBue arperatoB Rnql B KieTkax ApOXoKEed IO HAIIUM JaHHBIM HE
Binuser Ha arperanio NOSIAP. Ha pucynke 14 mis cpaBHeHus MpeacTaBiieHA
nokanuzaius pparmeHToB NOS1AP(1-291) u NOS1AP(391-506) B kiieTKax ¢ IPUOHOM
u 0e3 npuoHa [PIN']. DkchnepuMeHT ObII MHpOBEJEH B TpeX MOBTOPHOCTSX,

MIpOaHaIN3UPOBAHO HEe MeHee 40 mosnel 3peHus A KaXI0 KOHCTPYKLIHH.
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3.2.3 U3yyenue arperanun NOS1AP u ero pparmeHToOB B KYJIbType KJIETOK

MJICKOIIUTAIIIHUX

baktepuanbaple W APOAOKEBBIE CHCTEMBl yIOOHBI ISl  WCCIICIOBAHUS
aMUJIOUIHBIX CBOMCTB OenkoB. Ho mpu paboTe ¢ denoBeUeCKUMH O€JIKaMHU 3TO He
MO3BOJISIET OIICHUTH MPOIECCHI, MPOUCXOMSAIINEC B OpPraHW3ME dYeJIOBeKa. Y J0OHBIM
00BEKTOM I PabOTHI B 3TOM Cily4yae SIBJISIOTCSA KYJIbTYpbl KJIETOK 4enoBeka. JIMHus
HEK293T oTHOCHUTENBbHO mNOpoCTa B KYJIbTUBUPOBAHMU W TPU OCYIIECTBICHUU
TpaHCHEKINH, ITOATOMY OHa Obljla HCTIOJIB30BaHa B pabOTe B MEPBYIO OUYEPE/Ib.

Knerku mnexkonuraromux HEK293T Oplmu TpanchuMpoBaHbl IJIa3MUAaMA Ha
ocHOoBe BekTtopa pgLAPl. DtOoT BEKTOpP MO3BONSET NONYYUTHh KOHCTPYKLMIO,
KOJIMPYIOIyI0 O€lIOK MHTepeca, CIUTHIA ¢ duyopecuieHTHBIM Oenkom EGFP, a cama
KOHCTPYKIIMSI HAXOAUTCS IO0JT KOHTPOJIEM CHJIBHOTO KOHCTUTYTUBHOI'O IPOMOTOpA
CMV. ®Oayopecuenuuo EGFP nerektupoBanu Ha MHKpOCKoIle 4yepe3 24 yaca mocie

tpancdekiuu (Pucynok 15).

BF

EGFP

292-390 391-506
NOS1AP

Pucynok 15. bemok NOS1AP, a Ttakxe d¢parmentel NOS1AP(1-291) m
NOS1AP(292-390) arperupyror B KyJbType KjIeTok HEK293T. Ilpencrasiens
dbotorpapuu B mpoxoxsimem cBere (BF) u ¢uyopecuenumun EGFP (EGFP). FL —
nosHopazMepHsiit 0eok NOS1AP, uudpamu ykazansl rpanuiibl pparmeHToB NOS1AP,
B3aThIX B aHanmu3. KoHctpykumss ¢ EGFP Obula ucnonb3oBaHa B KadyecTBe
OTPULIATEIILHOTO KOHTPOJIS.
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Ceepxmponykius NOSIAP, a Taxke dparmertoB NOSIAP(1-291) w
NOSTAP(292-390), npuBOAMT K UX arperanuu B KIeTKax. B To jxe Bpems Jokanu3anus
dbparmenta NOS1AP(391-506) B knetke HeoninuuMma ot EGFP, u, cyns no manueim
MUKPOCKOITNHU, OH He arperupyer. CTOUT OTMETUTh, YTO TIPHU CBEPXIPOIYKIINN OCIIKOB
NOSITAP, NOSIAP(1-291) u NOS1AP(292-390) kieTku CTaHOBWIHCH OoJee
OKPYTJIBIMH, YTO MOXET TOBOPUTh O TOKCHYecKoM 3(ddekre. bonee aeTanbHO 3TO
HAOJIOZICHUE OINMKWCAHO W TPOAHATM3UPOBAHO B paszaene 3.2.5. DKCIepUMEHT ObLI
IIPOBEJICH B TPEX MOBTOPHOCTAX, MPOaHATIM3UPOBAaHO HE MeHee S0 moJeit 3peHus.

[Ipu Oonee AE€TAIBHOM pPACCMOTPEHHH MOYXHO OTMETUTh Pa3IHMYarOIIHANACS
XapakTep CBEUEHUSI CKOIUICHWH uccienyeMbix OenkoB (PucyHok 16), 4to MOXeET

TOBOPUTH O Pa3HON MOP(OJIOTUU arperaToB.

EGFP

FL 1-291 292-390 391-506 EGFP

NOS1AP

Pucynok 16. OtiMyamOmuiicss XapakTep CBEYCHHUS AarperaroB McCCJIeayeMbIxX
oeaxoB. [Ipeacrasnensl pororpaduu B nmpoxonsdmeM cete (BF) u ¢uyopecuenunu
EGFP (EGFP). FL — nmonnopa3mepnsiii 6enok NOS1AP, nudpamu ykazaHbl TpaHUIIbI
dbparmentoB NOS1AP, B3saTeix B ananu3. Koncrpykius ¢ EGFP Obuta ucnonb3oBaHna B
Ka4eCTBE OTPHULIATEIIBHOIO KOHTPOJIS.

AHanoruyHele pe3ynbTaThl OBLIM TOJYYEHbl JJi1 TOJIHOpa3MepHoro Oemka
NOSIAP u ero ¢parmenta NOS1AP(292-390) B wknerkax IMR-32 (Pucynok 17),
OJIHAKO HU3-32 HU3KOM H(PGEKTUBHOCTH TpaHCHEKUMU OTOW JIMHUM JajdbHEHIINe

9KCIICPUMCHTEI C HEH HE IIPOBOANIINUCE.
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EGFP

FL  292-390
Pucynok 17. beaok NOSIAP u ero ¢pparment NOS1AP(292-390) arperupyior B
KyJbType kiaeTok IMR-32. Ilpencrasnens pororpaduu B npoxossmiem ceere (BF) u
dbayopecueniun EGFP (EGFP). FL — nonnopa3mepnsiii 6enok NOS1AP, uudpamu
yka3zanbl rpanuilbl pparmenta NOS1AP(292-390).

3.2.4 U3yuenue ycrouuBoctu arperatoB NOS1AP u ero ¢pparMeHTOB K AeiiCTBHIO

JAe€TePreHToB

Hanuuue ckomienunii Oenka, KoTopble HaOmogaroT mpu  (GIyopecleHTHOM
MUKPOCKOIIMY, HE TOBOPHUT OJHO3HAYHO O TOM, YTO HUCCIEAyeMbIii Oelok oOpasyeT
arperatbl. [[ns pemieHust 3ToMl mpoOsieMbl MOXXHO ucmoib3oBaTh MmeTon SDD-AGE
[334], KOTOpBIM TMO3BOJAECT MOETEKTUPOBATH arperatrbl, a TaKXe HCCIEI0BaTh U3
YCTOMYMBOCTh K  nerepreHram. [-mepkanrostanon (BME) BoccranaBnuBaer
IUCynb(OUIHBIE CBS3M, YTO MOXET TMPUBOJUTH K Pa3pYyIICHUI0 TPETUYHOU U
YETBEPTUYHON CTPYKTYpHI OenkoB. B cBsi3u ¢ atum BME B03MOHO MCTIONIB30BATh IS
nepeBojia Oejika U3 OJJUrOMEPHOro B MOHOMepHoe coctossaue. OnHako BME He moxkeT
CIY’)KUTh YHUBEPCAJIbHBIM areHTOM, a OKAa3bIBAET CBOE JACHCTBUE JIMIIL B CIydae
Ha4usl TUCYIb(UIHBIX CBsi3el B Oenke. CpaBHEHHE pa3Mepa OCIKOBBIX arperaToB B
npobax ¢ nodaBiaennem BME u 6e3 oO0pabotku BME mo3BoisieT nenarth 3akjiroueHue 0o
y4aCTUU JUCYIb(GUIHBIX CBA3EH B CTAOMIIM3AIIMU TUX KOMILIEKCOB.

C mnomompio wmerona SDD-AGE Mbl 00HapyXuiM BBICOKOMOJIEKYJISIPHBIE
arperatel NOSIAP u ero dparmentoB 1-291 u 292-390 B wmerkax HEK293T,

ycroiiunBeie kK SDS. Cynms mo BceMy, O5TH KOMIUIEKCHI  CTaOMIM3WPOBAHBI
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TUCYIbGUIHBIMU CBSI3IMHU, T.K. AoOaBieHne BME mpuBoauio kK pacTBOPEHHIO 3THUX
koMmiuiekcoB  (Pucynox 18). Mpbl Takke OOHapyXKuiau HEOOJbIINE arperaThl
NOS1AP(391-506), koropbie He ObUIM HMACHTUPUIMPOBAHBI C  MOMOIIBIO
¢dyopecuentHoi Mukpockomuu. NOS1AP B kieTkax Apoxoked MPUCYTCTBYET B BHUJE
JUMEPOB U HEOOJIBIIUX OJUTOMEpPOB, YCTOWYUBBIX K 00padoTke SDS (Pucynok 18).
Takum 00pa3oM MOXKHO 3aKJIIOUUTh, 4YTO Bce arperatbl ¢parmeHToB NOSIAP
JEMOHCTPUPYIOT ~OJIMHAKOBYIO 4yBCTBHTENIbHOCTH K BME. Oto coBmamaer c
pacnpeeieHneM HUCTEMHOB B O€JIKe; Bce MPOaHaIN3UPOBaHHbIE (PparMEHThI COAEPIKAT
takue octatku (Pucynok 10). B cOBOKYNHOCTM HamM pe3yibTaThl MMOKA3BIBAIOT, YTO
NOSITAP moxer 00pa3oBbIBaTh ycTouuBbIe K SDS arperarsl Ipu CBEpXIPOIYKIUU B

Pa3HbIX MOJCJIBHBIX CUCTCMaAXx.

NOS1AP: FL ‘yq’ 19 29 NOS1AP: FL
BME: BME: — +
arperartbl arperartbl
MOHOMEDpPbI MOHOMEpPHbI

Pucynok 18. NOS1AP arperupyer B apo:x:xax u B kieTtouHnoii imanu HEK293T. A
— SDD-AGE 6enkoBsix nu3aroB kinetrok HEK293T, ceepxnponymupyromux NOS1AP
umu ero ¢parmeHthl. Jlns gerekuuu  uWcnosib3oBanu  aHtutena kK NOSIAP
(monmuopasmepubiii 6enok) uiaun (CGY)FP (pparmentsi). b — SDD-AGE 0GenkoBbix
JIM3aTOB KIIETOK Jpoxoxen, mpoayuupyromux NOSIAP. Ins netexkuuu Ucrnoiab30Bain
anturena K (CGY)FP. «+» u «-» o6o3HavaroT Oydepsl ¢ win 6e3 -MepkanTodTaHOJIa
(BME), cooTBETCTBEHHO.

YuuteiBas Hamwm nansbie B cucteme C-DAG (Pucynku 11, 12), NOSTAP, ckopee

BCEro, HE SBISETCS aMWIOMIOM, HO CIOCOOEH OOpa30BBIBaTh B KIIETKAaX JIYKAPUOT
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cTaOWJIbHBIE BBICOKOMOJIEKYJISIPHBIE arperarbl, YyCTOWYUBBIE K aeTepreHtam (PucyHok

18).
3.2.5 BorkuBaemocth KieTok HEK293T npu ceepxnpoaykunu NOS1AP

IIpu anamuze w™opdosorun arperatoB NOSIAP B knerkax HEK293T c
MOMOIIBIO (PITYOPECHEHTHON MUKPOCKOIUU ObUIO OTMEUYEHO, YTO KJIETKH MEHSIIOT CBOIO
MopdoJioTruro, cTaHOBsTCA Oosiee okpyribiMu (Pucynok 15). Knetkum npu 3TOM
OCTaBaJICh JKHMBBIMH, O YEM CYAHWJIA IO OKPAIIMBAHUIO KPACUTEIEM TPUIAHOBBIM
cuHuM (ganuble He mpeacTaBiieHbl). C nomoibio MTT-Tecta ObUIO BBISIBICHO, YTO Y
KIeToK Ipu cBepxnpoaykunn NOSIAP cHMKaeTcs BBIKMBAEMOCTb OTHOCHTEIIBHO
KOHTPOJII — KIETOK, TpaHcpuuupoBaHHbIX BekTopoMm (pgLAPl), xotopsie

npoayuupyot EGFP (Pucynok 19).

100+

80 '

60 E

BbixknBaemocTb Knetok, %

20

uSlyn BEKTOP NOS1AP

(A30P)
Pucynok 19. BerknBaemocts kierok HEK293T co cBepxmpoaykuueit NOS1AP B
MTT-Tecre monmxkaercsa. CpaBHeHue BobkrBaeMocT kieTok HEK293T ¢ moMomnisio
MTT-tecra npu Tpancheknuu BektopoMm (pgLAP1), koHCTpyKIuel, Koaupyromen
o-cunykienH c 3ameHod A30P (aSyn(A30P)), u KOHCTpyKUHEH, KOAUpYrOLIEH
NOSITAP. * — p-value <0,05, cornacHo kputeputo Buikokcona.
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[Tonmxenne BbDKMBaeMocTd npu cBepxnpoaykuuun NOSIAP B kierkax
HEK293T Obulo cONOCTaBUMO C 3HAYEHHUSIMH BBDKMBAEMOCTHM B KJIETKaxX MpHU
CBEPXINPOAYKIIMN o-cuHykienHa ¢ 3ameHodt A30P (aSyn(A30P)). B nmurtepatype
OTMEUYAI0T, dYTO O0Opa3oBaHWE OJUTOMEPOB ©  (PUOPWIUT  O-CHHYKJICHMHA C
AMUHOKHCJIOTHBIMU 3aMEHaMHU TOKCHUYHO i KiIeToK [350], mosToMy KOHCTPYKIUS C

3TUM OeKOM OblIa UCIIO0Ib30BaHA HAMU B KAYECTBE MOJIOKHUTEILHOTO KOHTPOJIS.
3.3 Bzaumogeiictue 0esika NOS1AP u ero ¢gparMeHTOB € 0-CHHYKJICHHOM

3.3.1 ®usuveckoe B3anmopeiicteue NOS1AP u ero ¢gparMeHToB € 0-CHHYKJIEHHOM

B kiaeTkax HEK293T

B cBa3u ¢ tem, uto NOS1AP nosiBuiCsA B MOJE HAWIETO 3pEHUS MMEHHO Kak
0eJI0K, CITIOCOOHBII KOarperupoBaTh ¢ 0-CHHYKIEHHOM, HEOOXOIUMO OBIJIO UCCIEI0BATh
ux (usznueckoe B3aumojieiictBue. CTOUT OTMETUTh, YTO JAHHBIE O B3aUMOJICUCTBUU
9TUX JBYX OEJTKOB TOJYyYEHbl TOJBKO METOJOM BBICOKOIPOU3BOAUTEIHLHOTO
IIPOTEOMHOTO CKpUHUHTA [26], HO pabOoT, MOATBEPKIAIOIIUX OBl 3TO, HE IPOBOIUIOCH.

Jlns uccnenoBaHus (U3WYECKOTO B3aMMOJCHCTBUSI JIBYX O€JIKOB B KYJIBTYpE
kierok HEK293T Obpln ucmonbs3oBaH MeTOA OMMOJICKYJISIPHOM (hIyOpeciieHTHON
kommuiemeHnTanuu (Bimolecular Fluorescence Complementation, BiFC) [351]. B atom
cllydae TOJIMIENTHIHYIO Ienb (PIyopeclieHTHOro Oenka pa3feiisioT Ha JIBE 4YacTH,
KaKJasi U3 KOTOPHIX He crocoOHa duryopectiupoBaTh cama 1o cede. [Ipu peacconmanmu
3TH (parMeHTsl (POPMUPYIOT PYHKIIMOHAIBHBIA (IIyOpecleHTHbIN Oenok. Takoil MeTof
IIUPOKO TPUMEHSIOT [IJI1 M3Y4YeHHs OeNoK-0enKoBbIX B3aumojaeictBuil. I[lomxon
OCHOBAH Ha MCIOJIb30BAHUHU XUMEPHBIX OCJKOB, IPU ATOM KaXKJIbIH U3 N3y4aeMOu mapbl
1eJIeBbIX OEJIKOB MPUCOEANMHEH K OJHOM U3 IBYX yacTeil (iyopecuenTHoro 6enka. [Ipu
B3aMMOJICUCTBUM  IICJIEBBIX OEIKOB JIpyr C JPYrOM B KJIETKE BO3HUKAET
bayopeciieHTHBIM curHaid. Eciu B3aumojaelcTBHS JBYX O€JIKOB HHTEpeca HET, TO
(byopeciieHTHBIN 0eI0K HE peacCoIMupyeT U He JaeT (PIIyopecIieHIINN.

Knerkn mnexormmrarommx HEK293T Oputn TpanchuimpoBaHbl OJHOBPEMEHHO

nByMs miazmuaamMu Ha ocHoBe BeKTOpoB pDEST-V1-ORF u pDEST-V2-ORF, kaxnaprit
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U3 KOTOPBIX KOJUPOBald OJUH U3 JBYX OEJIKOB HMHTEpEca, CIUTHIA C MOJIOBUHOU
bayopecuentHoro 6enka Venus (V1 u V2) [352]. Camu KOHCTPYKIIMHM HaXOJATCS MO
KOHTPOJIEM CHJIBHOTO KOHCTHUTYTHBHOro npomoropa CMV. ®ayopecueHuuto Venus
JNETEKTUPOBAJIM HAa MHKpPOCKoIle yepe3 24 daca mocie TpaHchekuun (Pucynok 20).
OTnenbHbIE KOHCTPYKLIMM, KaK M BEKTOPHl C 4YacTblO (IyOpecleHTHOro Oenka 0e3
1eneBoro 0enka, K cBeueHuto He npuBoawin. [lonHopasmepnsbiili 6enok NOS1AP npu
B3aUMOJIEUCTBUM C oO-cuHyKIeuHOM (0Syn) B kietkax HEK293T oOpasyer spxue
(i1yopecueHTHbIE CKOIUIEHHUS, YTO TOBOPUT O (PU3MUECKOM B3aWMOJAECUCTBUU IBYX
IEJIEBBIX OENKOB, a TaK)Ke IMO3BOJSET MPEANOJOKUTh UX Koarperamuio. K Tomy xe
CTOUT OTMETUTh, HYTO MBI HCIOJH30BAIN PEIHUIPOKHBIE KOMOWHAIMK Oenka u
¢yopecuenTHoi MeTku (V1 1 V2), 1 NOIy4Yrsiv aHAIOTUYHBIE PE3YIbTaThl (aHHbIE HE
npeacTaBieHbl). B skcnepuMeHnTe ObUIO MPOaHAIU3UPOBAHO HE MEHEE JAECITH MOJei

SPCHUA TJIA KAXKIA0IO 06pa3ua.

V1-NOS1AP
Vi Vi-aSyn FL (1-291)  (292-390) (391-506) \/1-NOS1AP

V2 V2-aSyn V2-aSyn V2-aSyn V2-aSyn V2-aSyn V2-NOS1AP

BF

50 um

e ....-..

Pucynok 20. beiaok NOS1AP u ero pparmMentsl pusnvyecku B3aUMOAEHCTBYET C
o-cunykJjennoM B kiaerkax HEK293T. [IpencraBienst ¢pororpadguu B mpoxosiiemM
ceere (BF) u dnyopecueniusa 6enka Venus. Knetku tpanchuimpoBaHbl cpa3y ABYyMs
KOHCTPYKITUSIMU € YacTsimMu duryopectieHTHOro 6enka Venus (V1 u V2).

[Ipu pabore ¢ KOHCTpyKuMsIMH, Koaupyromumu ¢parmentsl NOSIAP, Obu10
TaKK€ OTMEYEHO (PU3MUEeCKOe B3aWMOJACWCTBUE COOTBETCTBYIOIIMX OEJIKOB C
0-CUHYKJIEMHOM. [IprmedarenbHo, YTO O-CHHYKJIEWH B3aMMOJIEHCTBOBAJI HE TOJBKO C

MOJIHOPa3MEpPHBIM OEJIKOM, HO M C KaXIbIM U3 TpeX HCCIEAyeMbIX (PparMeHTOB
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(Pucynok 20). 3T0 HE COOTBETCTBYET MPEANOJI0KEHUIO O TOM, YTO B aMHUHOKHCIIOTHOM
nocienoBatenbHOoCcTH Oeka NOS1AP ecth cnenuduueckuii y4acTOK, OTBEHAIOIIHHA 3a
B3aMMOJICUCTBUE C O-CHUYHKJIEUMHOM. Jljii TOro, 4ToObl MpPOBEPUTH, HE SBISETCS JIH
MOSIBJICHWE B KIETKE CHUTHajga (IyopecleHIMH pe3yslbTaTOM HeCHeru(pUuIecKoro
B3aMMOJICUCTBUS OEITKOB, MOKHO MPEJJIOKUTh HECKOJIBKO 3KcriepuMenToB. Hampumep,
B Mapy C O-CHHYKJIEMHOM B HKCIIEPUMEHT B3STh OEJOK, C KOTOPHIM OH HE JOJIKEH
B3auMoJIeiicTBOBaTh. [lo KpaiiHel Mepe AaHHBIE 00 WX B3aMMOJCUCTBHH JIOJDKHBI
OTCYTCTBOBaTh. BO-BTOpBIX, MOXKHO HCIIOJIb30BaTh Cpa3y TpU KOHCTpyKuuH. J[Be u3
HUX, KaK U B cTaHAapTHOM 3KcriepuMente BiFC, kogupoBamm OBl 1Ba 11€7€BBIX OClKa,
KOKIbIH MX KOTOPBIX CIHUT C TOJIOBUHOW diyopecuupyromiero Oenka (Hampumep,
V1-NOS1AP u V2-aSyn). B TpeTheii ke KOHCTPYKIIMU ObLIT ObI 3aKOJUPOBAH OJUH U3
I[EeJIeBBIX O€JNKOB, HO Yyxe 0e3 d¢uyopecuentHoir MeTku (mpocto NOS1AP). Eciu
NOSIAP u o-cuHyKJIEUH JEeHCTBUTENHbHO (GU3UUYECKU KOHTAaKTUPYIOT, TO V1-NOS1AP
u NOS1AP 6e3 meTku OyayT KOHKYpUPOBaTh APYT C APYTOM P B3aMMOJICHCTBUU C
V2-aSyn, 4uro OyaeT BbIpaXaTbCi B CHWXKEHUU (IYOPECHEHTHOTO CHUTrHaja I10
CpPaBHEHHIO C 00pasloM, B KOTOPOM TOJIbkO JiBa Oenka ¢ MetkaMu — VI-NOSIAP u

V2-aSyn. Mbl naHupyeM MPOBECTH 3TH SKCIEPUMEHTHI B Oy TyIIEM.

3.3.2 Kosokanuzauuss NOS1AP u ero ¢parmMeHTOB € 0-CHHYKJIEHHOM B KJIETKaX

Apo:xKen S. cerevisiae

st uccnenoBanus B3aumoaercTeust oenkoB NOS1AP, a taxxke ero parMeHTOB,
U O-CUHYKJIEMHA, KIETKH Jpoxoked S. cerevisiae ObulM TpaHC(HOPMHUPOBAHBI
OIHOBPEMEHHO [JBYMs IUTa3MuaaMu Ha OcHOBE BeKTOpoB pAG416GPD-EYFP u
pAG415GPD-Cerulean. B 370l cucteme B KJIeTKE CUHTE3UPYIOTCS JIBa II€JIEBbIX Oelka,
OJIMH U3 KOTOpbIX CIUT ¢ (ayopecueHTHbIM Oenkom EYFP, a BTopoit — ¢ Oenkom
Cerulean. ITapa dmyopecuentubix 6enxkoB EYFP u Cerulean mogxonst He TOIBKO ISt
OLICHKH KOJIOKaNIMU3alMu OEJIKOB MpU IMOMOIIM MHUKPOCKOIMHU, HO TakKKe MO3BOJIET
OLICHUTHh (PU3MYECKOE B3aUMOJCICTBUME OCJIKOB HMHTEpeca MpU MOMOIIU METoja

dépcreporckoro nepeHoca sueprun (Forster resonance energy transfer, FRET).
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B xnetkax nposxokeit 6emok NOSTAP komokanu3yeTcst ¢ a-CHHYKJICHHOM. Taxxke
KOJIOKQJHM3AIUs SIPKUX CKOTUICHHUH Oblia otMedeHa u 1t pparmenToB NOS1AP(1-291)
u NOSIAP(292-390) (Pucynok 21). B cayuae ¢parmenta NOSIAP(391-506)
KOJIOKQJIHM3aIlisl OTCYTCTBOBAJIA, UTO HE COTJIACYETCS C pe3ybTaTaMH, MOJy4YCHHBIMU B
kietkax HEK293T (Pucynok 20). CToUuT OTMETUTD, 4TO Mbl HaOII0aIH 3(D(PEKT 3TOTO
dbparmenta, cautoro ¢ EGFP, na Mopdonoruto kierok npoxxed (Pucynox 13).
MOXHO TIPEANOIOXKUTh, YTO ATOT (DPAarMEHT MOIAIAeT B OMPEICICHHOE KICTOYHOE
OKPYXEHHUE U B3aUMOJICHCTBYET C HEKOTOPBHIMU O€IKaMHU APOAOKEH, YTO MPENSTCTBYET
€ro Koarperaudud C O-CHUHYKJIE€MHOM, oTMeueHHOMYy B kieTkax HEK293T. Ilpu stom
camu ¢uyopecuentaole 0enku EYFP u Cerulean, He cnutThie ¢ 1eI€BBIMH OCJIKaMH,
dbokycoB QuryopeciieHIInu He 00pa3yroT U cBeTiaTcs auddys3Ho. Jus kaxmaoro obpasma

ObUTO poaHa3upoBaHo He MeHee 100 moJieit 3peHusl.

YFP-NOS1AP
YEP YFP-aSyn FL (1-291) (292-390) (391-506)
CFP CFP-aSyn CFP-aSyn CFP-aSyn CFP-aSyn CFP-aSyn

BF

CFP

YFP

Pucynok 21. Bbemoxk NOSIAP, a rtakxke ero ¢parmentsl NOS1AP(1-291) m
NOS1AP(292-390) Ko0JI0KATIM3YIOTCH C O-CHHYKJICHMHOM B KYJbType KJIETOK
apoxacxen. IlpencraBnensl Mukpodororpaduu KIETOK JPOXIKEH IITaMma [pin’]
2-74-D694. BF — mpoxonsiuuii cBet; CFP — ¢uyopecuenuus Cerulean; YFP —
bnyopecuenius EYFP; FL — mnonHopasmepHblii 0enok; oSyn — 0o-CHHYKJICHH.
CrpenkaMu yKa3aHbl IPUMEPHI KOJOKATU3ALUH.
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B xome paboThl ObUIO Takke HCCIENOBAHO B3aWMOJCWCTBHE BApUAHTOB O-
CHUHYKJIenHa ¢ paznuubiMu 3ameHamu (AS3T, AS3E, A30P, E46K) c 6enkom NOS1AP.
OTu 3aMeHBbl BO3HUKAIOT B Pe3yJibTaTe TOYEUHbIX MyTaluil B TeHe SNCA U CBsI3aHBI C
HacJenACTBeHHbIME (opMamu mapkuHcoHM3Ma [353]. CoOOTBETCTBYIOIIHME MYyTaIluU
Obu BHeceHbl B minaszmuay pDONR221-SNCA ¢ nomolpio calT-HanpaBieHHOTO
MyTarene3a. 3areM MyTaHTHble amienn SNCA ObUM  KJIOHHPOBaHbI B  BEKTOP
pAG415GPD-Cerulean. DkcmepuMeHT TO aHAIW3y B3aUMOJCHCTBUS OCTKOB B
JPOXKEBOM CcUCTEME ObLI TPOBENEH IO aHajloruu ¢ npeabiaymuM. CoriacHo
MOJyYEHHBIM JIaHHBIM, O€JIKM BeAyT ce0s HEOAWHAKOBO: TaK K€, KaKk M B Ciydae
0-CUHYKJIEMHa JuKoro tuma, Oenok c¢ 3ameHamu A30P u AS3E konokanusyercs ¢
NOSIAP, HO B ciydyae OCTaJbHBIX BAPUAHTOB Mbl HE HAOJIOJAIM B3aUMOJCUCTBUS
Mexay Oenkamu (Pucynok 22). Hamu ObUIO Takke OTMEUYEHO, UYTO B HEKOTOPBIX
ciyyasx o-cuHykiienH W NOSIAP He Kojokanu3oBanuck. B dactHOoCcTH, 3TO

HaO0JI0IAJIOCH B CITyYae a-CHHYKJIenHa ¢ 3ameHoi E46K.

YFP-NOS1AP
CFP-aSyn
WT AS3T 7A573E _ E46K ] A30P
() (‘:‘;-‘.‘J ({5 :. '_’.'_“J,,'/jﬂﬁ_. N ( - » Y
.0 N "_.,/ o 4R~ N (%
AU (1 | el o (@R o (e 89

Pucynok 22. besiok NOS1AP koJiokajau3yercs ¢ 0-CHHYKJEHMHOM JUKOI0 THIIA H €
AMMHOKHCJIOTHBIMH 3aMEHAMH B KYJbType KJETOK apoxkeil. [IpencraBieHs
MukpodoTorpadun KIETOK ApOXoKel mramma [pin’] 2-74-D694. BF — mpoxonsimuii
ceer; CFP — dnyopecuenmus Cerulean; YFP — dayopecueniius EYFP; aSyn —
a-cunykienH; WT — qukuii Tvn. CTpeiakaMu yKa3aHbl IPUMEPHI KOJOKAIN3AIUH.
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3.4 Koarperauus ¢pparmenToB 0esika NOS1AP ¢ a-CHHYKJIENHOM in vitro

Jnsa wuccnenoBanust Bo3MmoxHOcTH Oenka NOSIAP u  ero ¢parmeHToB
KOarperupoBaTh C 0-CUHYKJIEHHOM in Vitro, HE00X0AUMO OBLIO MOJIyYUTh B OOJIBILIOM
KOJINYECTBE OUMIIEHHbIe Oenku. Pe3ynbTaThl A3THX MOATOTOBUTENBHBIX ATAaIlOB

npeacTaBleHbl B pa3genax 3.4.1 — 3.4.5.
3.4.1 BoizesieHHE ¥ 0YNCTKA HATUBHOIO (-CHHYKJIEHHA

[Tpu monydyeHnn peKOMOMHAHTHOTO OeJiKa B KJIeTKax OaKkTepuil ObLIO OTMEYEHO,
YTO MPU CBEPXMHPOAYKLUUU HATUBHOTO (-CHHYKJEHHA OOJBIIOE €ro KOJUYECTBO
HAXOJUTCS B MEPUILIA3MATHYECKOM NPOCTpaHCcTBE [336]. s ero BeIAEIEHUS] aBTOPbI
nyOJUKAlMU UCTIOJIB30BAIM OCMOTUYECKUN IIOK C MpPUMEHEHHueM Oydepa ¢ BBICOKMM
coJepkaHueM caxaposbl. [1o ommcaHHON Bbllle METOAMKE ObLT yCIEUIHO HapaOOTaH,
BBIJICJIEH M OYMILIEH HATUBHBIN o-cuHykiIeuH (Pucynok 23). Ha nepBom 3Tane ouncTku
UCIOJIb30BAJIM  aHMOHOOOMEHHYIO  XpoMmaTtorpaduto. JlOMOJHUTENbHAST OYHCTKA

CO6paHHI>IX (bpaKI_II/Iﬁ Ocika OCYHICCTBIIAIACh C IIOMOIIBIO I‘GJII:-(l)I/IJILTpaHI/II/I.

asSyn asyn
A M U A37 A38 A39 A40 A43 5) M A9 Al12 A13 A15 A23 A24 A25 A26 A27 A28
— -
55 k[a s 55 k0a =
35 kKda s 35 kda
25 kda s 25 k/la
15 kda == — o w— — ——
15 kda = -—— e
10 kda &
10 kQa

Pucynok 23. OuucTKa HATHMBHOIO O-CHMHYKJeHMHa. I[IpeAcTaBiieHbl TUIUYHBIC
pesynbratel SDS-PAGE nns dpaxiumii mociae OYUCTKU O-CHHYKJIEUMHA MPU TTOMOIITU
aHMOHOOOMeHHOM Xpomatorpaduu (A) u mocnenyromieit renb-punsrpamuu (b). M —
OeNKOBBIA MapKep MOJeKyJsipHOro Beca; U — He cBs3aBIIMECS ¢ COPOCHTOM (Ppakiuu
oenka; AN — ¢pakmuu smronuu, rae N — MopsiaKoBbid HOMep (pakiuu. JluHuein
OTMEUYEHBbI (pakiuu, KOTOpble OOBEAWHSIM ¥ HWCHOJIB30BaIM B padore. bemku
BU3YaJIM3UPOBAHbI C IOMOIIBIO OKpacku Kymaccu.
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3.4.2 Arperauusi o-CHHYKJIEMHA in vitro

OuuleHHBIN 0-CUHYKJIEUH MCIO0JIB30BaM JIJIs TIOJIyYEHHUs arperatoB B YCIOBUSIX
in vitro. B teuenne 14 mueii ero nakyouposanu mnpu 37 °C (6onee geTanbHO METOIMKA
noJiydeHus: arperatoB omucana B pazgene 2.7.1). C nmomompbio SDS-PAGE Obuio
MOKa3aHO, KaK YacTh MOHOMEpPOB IIEPEXOJUT B arperupoBaHHyl0 (OpMy, UTO
HaOJIOaeTCsl B BHJI€ DPa3HUIBI KOJMYECTBA MOHOMEpPHOro Oenka B mpoOax IMpu
kunsiueHuu U 6e3 (Pucynok 24, A). IlomydeHHble arperatbl UMeNH (PUOPHILISIPHYIO
mopdororuro (Pucynox 24, b). Otu arperatsl Obutm crmocoOHBI cBsizbiBaTh ThT
(Pucynok 24, B). Takum oOpa3om, MbI MOJYYIJIM OOpa3libl aMUJIOMIHBIX arperaToB

O-CHMHYKJICHUHA.

A M - + - + 100°C 5
— : A P
- . ¢ ) P
55 k/[a s i \ &
35 k/la we W X
25 k/[la e g f’
- ‘ .
15 k/la 4 K L
Kk, WO (e Ve o o o
e s 4 ¥ B
10 kda =« . . -Q’ i

MoHoMepbl Arperatbl

B

50000
40000
30000

20000

10000
MoHoMepbI

478 498 518 538 558 578 598

MHTEHCUBHOCTb (h/TYOPECLUEHLMM, OTH. ef.

OnvHa BONMHbLI, HM

Pucynox 24. Iloayuyenue ¢uOpuiia o-cunykiaemHa. A — pesynbratel SDS-PAGE
mpo0 MOHOMEpHOTO Oeyika 1 arperatoB. b — anexkrporHas mukpodororpadust hpudpuILT
a-cuHykienHa. B — cmektp dayopecnieniiun ThT B mpobax ¢ MOHOMEpPHBIM H
arperupoBaHHbIM d-cuHykJenHoM. Diyopecuenuuto ThT Bo30yxnanu u3iaydyeHUEM C
JIuHOW BOJHBI 450+£16 HM U perucTpupoBalid B Auana3oHe JIMH BOJIH oT 478+10 o
600+10 HM.
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3.4.3 Boigesenne u ounctka ¢gparmenToB NOS1AP(292-390) u NOS1AP(391-506)

[lepen momydeHneM MpenapaTUBHBIX KOJWYECTB OENKOB Mbl CPAaBHUIN YPOBEHBb
UX CBEPXMNPOAYKLIHMHM B pa3HbIX OakTepuanbHbix mTammax. Lltammer BL21(DE3),
BL21(DE3)pLysS, T7 u Origami ObuiM TpaHcHOpMUPOBAHBI KOHCTPYKIUSIMU Ha
ocHoBe BekTopa pDest527 mns napabotku 6enka NOS1AP u ero pparmentos (Pucynox
1). B 03TuX KOHCTPYKUHMSX TIOCIENOBATEIbHOCTh O€JKa HWHTepeca ClUTa C
nocienoBatenbHocThio 6xHis. K coxanenuto, momoOparb ycioBusi 3O@PeKTUBHON
UHAYKIUA W BBIACIUTH MonHOpa3MepHblii Oemok NOSIAP u ero ¢parmeHt
NOS1TAP(1-291) ne ymamocwh. Jljis MmITAMMOB C KOHCTPYKIMSIMH, KOAUPYIOIIUMU
dbparmentel NOS1AP(292-390) u NOS1AP(391-506), Obl1 NpoOBEJIEH CpaBHUTEIbHbBIN
aHaJIM3 YPOBHS MPOAYKIMH IIEJeBbIX OenkoB. B pesynbrare mpoOHOW WHAYKIIUU
CUHTE3a 1eJIEBbIX 0eIKOB ObLT BBIOpaH mramMM 17 juist 060ux (parMeHTOB B CBS3H C €T0
BBICOKOW CKOpPOCTHIO HAKOIUJICHHUSI OMOMACChl U OOJNBIINM YPOBHEM MPOAYKIIMH OCIIKOB

untepeca (Pucynok 25).

BL21(DE3)
BL21(DE3)
BL21(DE3) pLysS

Origami
Origami

™~ ™~
~ [

M 0 3 0 3 0 3 0 3 0 3 0 3 0 3 BpemauHAYKUMK, Yachl

-—

55 k[ =

"2 -
35k0a w - =
25 kfa W - -

W <— NOS1AP(391-506
15 k/la ' - { ( )
NOS1AP(292-390)—> o =
10 kfa
NOS1AP(292-390) NOS1AP(391-506)

Pucynoxk 25. Uuaykuus cuare3a pparmenroB NOS1AP(292-390) 1 NOS1AP(391-
506) B kuaerkax mrammoB BL21(DE3), BL21(DE3)pLysS, T7 m Origami.
[IpencraBnenst pesynbrathl SDS-PAGE OGenkoBwix yim3aToB Oaktepuii. benku Oblmm
BU3YaJIM3UPOBAHbI ¢ TTOMOIIBI0 Ookpacku Kymaccu. Ctpenkamu yka3aHbl OXKHJIaeMbIe
pasmepsl meneBeix OenkoB: 13,9 x/la mos NOS1AP(292-390) m 15,5 klla ms
NOS1TAP(391-506). M — GenkoBbIi MapKep MOJIEKYJISIPHOTO Beca.
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Hns wmramma T7, TpanchopMHUpOBAaHHOTO IJIa3MUAONW JUIsi  HApaOOTKU
dbparmeraToB NOS1AP(292-390) mwm NOS1AP(391-506), Obuti mogoOpaHbl YCIOBUS
KyJIbTUBUPOBAaHUS M WHAYKIIMU CHUHTE3a IejeBoro Oenka. KynbTypbl pacTuiiu mnpu
temneparype 37 °C go moctmkenus OD(600 um) = 0,5. 3atem nobasmsmu IPTG no
KOHILeHTpauu 1 MM u npopomxanu pactuts KylnbTypel ipu 18 °C, 26 °C, 30 °C wnnm
37 °C B Teuenue 5 yacoB. B pe3ynbrare cpaBHEHUN KOJTUYeCTBa OeJiKa MOCiae MHAYKIIHH
Oplma BeIOpana Temmeparypa 26 °C. B nanpHeiimem o0a Oenka ObUIM OYHIIEHBI C

nomoiplo adpduHHONM Xpomarorpaduu (Ha pUCYHKE 26 TNpeNCTaBlICHbl THUITUYHbBIC

pE3yJbTATHI).

NOS1AP(292-390)
M T Al A2 A3 Al4 A15 Al6 A17 A18 A19 A20 A21

ey h—n —
-

55 k[a w.

35kda «.

. B p——— i

10 kda

Pucynok 26. Ounctka ¢pparmenta NOS1AP(292-390). [IpencraBiieHbl pe3yiabTaThl
SDS-PAGE dpakmuit nocine ounctku NOS1AP(292-390) npu nomomu adduHHON
xpoMarorpaduu. Jns Buzyanuzanuu OenkoB renb Obul okpamieH Kymaccu. M —
OCJIKOBBIN Mapkep MOJEKYIsIpHOTO Beca; T — nuM3ar, HAHOCUMBIA Ha KOJOHKY; AN —
bpakuuu 3mounu, rae N — nopsaKoBblid Homep gppakuuu. JInHueil oTMeueHbl ppakuuu,
KOTOpbI€ OOBEANHSIIN U UCTIOIb30BAIM Jaliee B padboTe.

Jlyist uccnenoBanusi BO3MOKHOCTH amuiionsioreHHoro gparmenta NOS1AP(292-
390) oOpa3oBbIBaTh arperarsl in vitro OUMILEHHbIN Oenok nHKyOuposanu npu 37 °C Ha
poTatope TpH TEpeMEIIMBaHUU «d4epe3 ToJioBy». Uepes 7 mHel k oOpasiy Oernka

no6apisii TuodnaBuH T ¥ M3MEPSIIM MHTEHCUBHOCTD €ro (yopectieHIuu. [1o Hammm
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pesynmbratam  ¢parmeHT NOSIAP(292-390) He o0pasyer arperatoB, CHOCOOHBIX

cBs3piBaTh THO(aBuH T (PucyHnok 27).

1 '
| :'|I A ‘\3

1L A TW Rl L

VT "'”F\ ||\ i Jenb 0
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L ALYV L
| "l-‘ul‘ﬁ.w"\l“"lxl‘ IR
UL AV AT LR L L

L WITH Uy ‘u\:i\‘ | = pbewb7
LI

I
Ui

475 500 525 550 575 600
AnvHa BONHbI, HM

WMHTeHcuBHOCTE dnyopecueHunmn, oHT. ea.

Pucynok 27. NOS1AP(292-390) He oOpa3yer arperatroB, CBSI3bIBAIOIIHX
tnopaaBun T. [Ipencrasnens! crektpsl duyopecueHuu ThT B mpobax ¢parmenta
NOS1TAP(292-390) ¢ xonnenTpamueit 1 Mr/mi 10 MHKyOamu 1 4epe3 7 JHeH mocie ee
Havana.

3.4.4 Bocipou3BeeHHe METOAUKH VIS AaHAJIM3a KHHETUKH arperauuu

O-CHUHYKJIEMHA in vitro

Arperanus 0-CUYHKJIEMHA JUKOIO THMA MPEACTABISIET COOOM NIUTENbHBIN
IIPOLIECC M MOJKET 3aHMMATh HECKOJBKO Hezelb. IIpu MmonbeiTke BOCHPOM3BECTH 3Ty
METOJMKY B IUIAHIIETaX Mbl CTOJKHYJIUCh C MPOOJIEeMONM HcHapeHusi o0pas3loB, YTO
OpPUBOJWIO K AHOMaJbHOMY YBEIMYEHHIO (QuyopecueHuuu THodiaaBuHa T.
B nanpHeliiem pemmmTh 3Ty OpoOieMy MBI CMOIJIM 32 CUET 3alOJIHEHUs
nepudepruueckux JyHOK, a TakkKe MPOCTpaHCTBA MEXIy HUMHU Bojoil. B xone
OTpabOTKM METOJAWKM MOHMTOPUHIAa KHHETUKH arperauuu o-CHUYHKJIEHHA MBI
NPOTECTUPOBAIM pa3audHble (PAaKTOPhI, KOTOPHIE MOIJIM BIUATh HA arperamuio: cnocoo
nepeMelnBaHus 1 HEOOX0IUMOCTh (PparMeHTalU NPEICYIECTBYIOIINUX arperaTos.

[Ipu u3mepenusix B manmerax Ha npuoope Clariostar (BMG) mbl coOupanu

naHHble o (Quyopecnenuun THodiaBuHa T depe3 kaxaelie 15 munyt. Jlanee Mbl
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BBIYHCISUTA TIApaMEeTPhl MOJCIM KWHETUKH arperany o-CHYHKJICWHA, OMUCAHHON B
pazaene 2.7.4. Takumu nmapameTpaMu ObUIH: Xo — BpeMs HoJypeakuuu, dx — BeInyuHa
oOpaTtHasi ckopocTu arperanuu. C ydeToM MOAOOpPaHHBIX MapaMETPOB MBI TaKKeE
paccunThiBas BpeMs lag-daspl peaknuu: lag = xo - 2dx. bnarogapst 3ToMy MBI MOTIIH
OoJiee IeTanbHO aHAIU3UPOBATH MPOIIECC arperaium.

B nurepatype omnmcaHo, 4TO [00aBJIEHHE CTEKISHHBIX IIAPUKOB YCKOPSET
arperaimio 0-CUHYKJICUHA U TMOBBIIIAET BOCIPOU3ZBOAUMOCTE pe3ynbTaToB [354]. Mbl
MPOBEPUIIM  BO3MOXKHOCTh  HCIOJB30BAaHUSI CTEKJISHHBIX IIAPUKOB B  HAIHUX
sKkcriepuMenTax. CormacHO MOJYyYEeHHBIM HaMU JaHHBIM, 3Ta MOAU(PHUKAIUS METOIUKU
CYILIECTBEHHO ycKopsieT arperanuio (Pucynok 28). Ha ocHOBaHUUM 3THUX pe3yIbTaTOB

MBI COXPAaHMUJIN 3TOT 3Tall IIPOTOKOJIA.

° | Xk ' 1500 - . .
9000 - I ' |
[ ]
3 = 1000 .
(®)]
& 6000 - © ™
L ] " °
[ ]
3000 . 2007 .
] | * 2 L]
CTeKNAaHHbIN ' ' CTeKNAHHbIE : ;
LWapuK - + Wwapuk - +

Pucynok 28. Jlo0aBjieHHMEe CTEK/JSIHHBIX IIAPMKOB YBEJIUYHMBACT CKOPOCTH
arperanun. Ha rpadukax OTJ0KeHbI 3HaYEHUSI MApaMETPOB MOJIENEH, ONMUCHIBAIOIINX
IpoliecC arperaluyy B pa3HbIxX mpobax: dx (mapamerp oOpaTHBIN CKOPOCTU arperanun) u
lag-da3za B Munytax. * — p-value <0,05, cormacHo kpureputo Busikokcona.

J1J1s OLleHKU YyBCTBUTEIBHOCTH METOJIMKHA MBI IPOBEJIM CEPUIO SKCIIEPUMEHTOB
[0 arperaiuy o-CUHyKJIeHHa ¢ 100aBJIeHuEM MpeaBapUTEIbHO MOJYyYEHHBIX arperaTon
Oenika. YBeIMYEHHE KOHIEHTPALMKM arperupoBaHHOro Oenka cokpamaer lag-dasy, a B
npu jgobaBneHuu 10% arperatoB OT KoJuW4YecTBa MOHOMepHOro Oenka lag-aza
MOJTHOCTBIO OTCYTCTBYET, (DIyopecleHIns HauhHAeT CTA0MIbHO YBEIMYUBATHCS C

MEPBBIX ITUKIIOB 3Mepennit (Pucynok 29).
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Pucynok 29. /lo0aBiieHHe NpeacCyllleCTBYIOIIMX ArPeratoB YCKOpPSeT arperamuro
o-cuHykJenna. [Ipeacrasien rpadux musmenenus ¢uyopecuenuuu ThT B mponecce
arperauuu o-cuHykienHa. Ha rpaduke mpencTtaBieHbl 3HaUY€HUS TPEX MOBTOPHOCTEN
DKCIIEPUMEHTA.

Takke Mbl TpPOBEpUIIM BIMSHHE (parMeHTAlMud MPEACYIIECTBYIOIIUX
arperaToB Ha CKOpPOCTb arperanuM o-CHHykJIenHa. CorjgacHO IOJy4YEHHBIM
pe3ynbTaTam, 00paboTKa yIbTPa3BYKOM HE OKa3bIBAET BIMSHHUA Ha MPOIECC arperauuu

(Pucynox 30).
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Pucynok 30. ®parmentanus GuOPUII O-CHHYKJIEHHA YJbTPA3BYKOM He BJIHAET

HAa CKOpocTh arperaumu Oeska. [IpencraBrnen rpaduk m3MeHeHHs (IyOpecCICHITUN
ThT B mporiecce arperamuu o-CHHYKJIEHHA.
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B kadecTBE ONTHUMAJBHOIO MbI BbIOpanu cienyromuii nportokos. Cocras
peaknuonHoii cmecu B PBS Oydepe: MoHOMepHBIN o-cuHyKIeWH 1,5 Mr/mi, asun
Hatpus 0,05% (w/v), tnodnaBun T 40 MKM. MoHOMEpPHBIH O-CUHYKJIEHUH TOCIE
pactBopenust B PBS nentpudyruposanu B teuenue 30 munyt npu 4 °C U yCKOpeHUHU
21130 g. O6bem mpoObI B oAHOW JyHKe cocTaBisii 150 mkin. B kaxayro mpoOy

I[O6aBJ'IHJII/I CTCKJISTHHBIN MAapuK LA JIy9IIero InepeMeinBaHUAd.

3.4.5 Koarperanus ¢pparmentoB NOS1AP(292-390) u NOS1AP(391-506) ¢

0-CHHYKJICHUHOM

s ouenku BiusiHusa ¢parmentoB NOS1AP(292-390) u NOS1AP(391-506) na
CKOPOCTh arperamyu 0-CHHYKJIeHHAa, Mbl BBIYHCILUTH TapaMeTphl MOJEIN KHHETHKHU

arperanyy o.-CUHyKJIEWHA, ONMCAHHOU B paszene 2.7.4.
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Pucynok 31. Monomepsl ¢pparmenta NOS1AP(292-390) yckopsilOT arperanuio
O-CHHYKJIEMHA, HO He BJHUAKT Ha lag-¢ga3zy 3TOoro mpomecca. A — CpaBHEHHUE
napameTtpa lag-da3el (ykazaHa B MUHYTaX) arperaimud o-CHUHyKJIenHa (aSyn),
a-cuaykienna ¢ (parmentom NOSI1AP(292-390) u o-cuHykienHa ¢ (parMeHTOM
NOS1AP(391-506). b — cpaBHenue mapameTpa dx (BeIMYHMHBI, OOPATHOW CKOPOCTH
arperaiiy) arperamv O-CUHykKJIenHa (aSyn), o-CHHYKJIeWHa C (QparMeHTOM
NOS1AP(292-390) u a-cunykienHa ¢ ¢pparmentom NOS1AP(391-506). * — p-value
<0,05, cornacHo kputepuio BuikokcoHa ¢ mornpaBkoil XojJMa HAa MHOKECTBEHHOE
CpaBHEHHUE.
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Bemnunna dx (BenmmumHa oOpaTHasi CKOPOCTH arperaiuy) TpH  arperanuu
O-CUHYKJIEMHA JIOCTOBEPHO OTJIMYAETCS OT TAKOBOM B pEaKIUMU, B KOTOPOH
MPUCYTCTBYIOT MOMHUMO MOHOMEPOB 0O-CHHYKJIeMHa erie MoHomepbl NOS1AP(292-
390). Ilpu stom Bpems lag-dasbr cierka yBemmuuBaetcs (Pucynokx 31). B ciyuae
coBmecTHOM arperauuu NOS1AP(391-506) u a-cuHykienHa BeaudrHa dX JTOCTOBEPHO
HE OTJIMYaiach OT MPOOBI TOJBKO C O-cuHyKJIenHoM (Pucynok 31). Bpems lag-dassl B
ATOM CIIy4yae TaKKe HECKOJIbKO yBennunBaioch (Pucynok 31).

Jlns Toro, 4ToOBI OLIGHWTH, BIMSAET Ju noOaBieHue pparmeHToB NOS1AP Ha
Mopdosoruro GUOPMILT 0-CHHYKIIEHHA, HaMH OBLI TIPOBENICH MOCYET JIUHBI (HrOPUILT,
oOpa3yronuxcsi MpU CaMOCTOSATENIBHOM arperanyud O-CUHYKJIEWHA, a TakkKe Mpu

COBMECTHOM arperanuu o-cuHykiemHa ¢ ¢parmentamu NOS1AP(292-390) wu

NOS1AP(391-506).
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Pucynok 32. CpaBHeHHe XapaKTEePUCTUK (PUOPHILIT O-CHHYKJICMHA NIPU HHKYOAaMu
BMecrte ¢ pparmentamu NOS1AP. A — CpaBHenue JyiMH GUOPUILT 0-CUHYKJIEUHA MTPU
OTIIEJIPHOM arperauuy, a TakXke TMpU HMHKyOallud COBMECTHO C (¢parMeHTaMmu
NOS1AP(292-390) u NOS1AP(391-506). b — MuxkpodoTorpadgusi ¢ 37IE€KTPOHHOTO
MUKpOCKOINa (QUOpWIUT O-CHUHYKJIEMHAa MpU OTACNbHOW arperaivu, a Takxke Mpu
nHkyOaruu coBMecTHO ¢ (pparmentamu NOS1AP(292-390) u NOS1AP(391-506). * —
p-value <0,05, cormacHo kpuTepuio Buikokcona ¢ mompaBkoit Xoiama Ha
MHO>KECTBEHHOE CPABHEHHE.
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bbilo oTMEYeHO, YTO COBMECTHas HMHKYOalus oO-CUHYKJIEHMHa C ¢parMeHTaMu
NOS1AP(292-390) u NOS1AP(391-506) npuBoamia k oOpa3oBaHuIO 00Jiee IITMHHBIX
¢bubpumn  (Pucynox 32). Takum 00pa3oM, MBI MOXEM MPEINOJIOXKUTh, YTO
uccienyembie  ¢parmentel  NOSIAP  nmelicTBUTENBHO  B3aUMOACHCTBYIOT — C
0-CHHYKJICMHOM, a TaK)Xe, I0-BUIUMOMY, CTAOUITU3UPYIOT €ro arperarsl, YTO MPUBOIUT

K 00pa3oBaHuIo 0oJiee NJIUMHHBIX (PUOPHUILI.
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4. OBCYXJIEHHUE
4.1 Arperanusa NOS1AP

[Touck 6enKOB, CKJIOHHBIX K arperaruu, MPeaIcTaBIsIeT CO00i BaKHYIO 3a7a9y HE
TOJIBKO OWOJIOTHH, HO W MeauIuHbl. C aMIIOuaMu CBS3aHBI Pa3IMIHBIC CEPHE3HBIC
3a0o0yieBaHusl, Takue Kak OosiesHb AublireiiMepa, Oone3nb I[lapkuHcoHa, OOKOBOM
aMUOTPO(UUECKANA CKIIEPO3, MUAa0ET BTOPOrO THMA M MHOTHE Apyrue. boJIbITUHCTBO
ATUX 3a00JI€BaHUN HEU3JICUMMBI U J1a’K€ CMEPTENIbHBI I YeioBeka. M3ydeHue HOBBIX
aMUJIOUIOTCHHBIX OEJTKOB, a TaK)Ke MCCIEAOBaHNE BO3MOKHOCTH KOArpETUPOBAThH yiKE
W3BECTHBIX aMUJIOWJIOB SIBJSICTCS HE TOJBKO Ba)XKHOW (DyHIaMEHTaIbHOW 3amaveii B
OMOJIOTHH, HO TaK)Xe MO3BOJISIET OTKPBITh HOBBIE MUIIECHH JUISI TIPUIICIBHOTO JICUCHUS
COOTBETCTBYIOIMUX 3a0o0sieBaHuil. OTCYTCTBHE IETaILHOTO TIOHUMAHHS MOJIEKYIISIPHBIX
MEXaHU3MOB TOKCHYHOCTH aMHUJIOMUJIHBIX arperaTtoB SBJISICTCS BaXXKHOW MPUYUHOMN
orcyTcTBUA 3GMEKTUBHON Tepanuu sl 3Tux OosiesHed. CylIecTBYIOT THUIIOTE3bI,
KOTOpPBIE CBSI3BIBAIOT mMaTojorudeckue A(POPEKTHl ¢ B3aUMOJCUCTBHEM MEXKIY
amMuwiougaMd U Japyrumu  Oenkamu. B 3TOM ciywae akTyajdbHa KOHIICTIIIHS
«aMWJIOUIHBIX CeTeH» WM «aMHIJIOMJIHOTO Kackaaa», OOHapy>KCHHass B CBSI3U C
0oJie3HBIO AUbITeiiMepa, MpU KOTOPOM HaOMIOAAeTCs aMUJIOUAHAs arperamus Mo
KpaiiHel Mepe IByx OenkoB: ammionaa-P u tau [355,356].

[Touck MOTEHIMANBHBIX AMHUJIOWIOB YEJIOBEKA in Vivo 3a4acTyiO0 3aTPyJAHCH B
CBSI3M CO CJIOKHOCTSIMU 0TOOpa matepuana. OcoOEHHO OCTpO 3Ta MpodjemMa KacaeTcs
o0Opa3loB Mo3ra. bBOJBIIMHCTBO OTKPBITUH HEWPOTEHEPATUBHBIX  3a00JIEBAHMIM
OCHOBBIBAJIOCH HA THCTOIMATOJOTHYECKUX MCCIICIOBAHUSX ITOCMEPTHBIX 00pasioB
Mosra. Jlns waeHTHPUKAIUKM HOBBIX aMUJIOWIOB IIUPOKO HCIOJB3YIOT aMUJIOHI-
cnerupuyeckne Kpacuteau. KOHro KpacHBI CUMTACTCS «30J0THIM CTaHIAPTOMY TIPH
UACHTUGUKAIIMY  aMIJIOWJOB, HO ¥ JJIi HEro ecCTh NPHUMEPHl OKpAaIIWBAHUS
HEaMUJIOMJIHBIX O0enKoB (cM. 0030psl [29,357]). st Toro, 4To0Bl pemIuTh MpodiieMy
orbopa MaTepuaia YEIIOBEUECKHIX TKaHEH, BO3MOYKHO IPUMEHEHUE
OoronH(pOpMATHIECKUX MOAXOAOB IS TIpe/icKa3aHus OEJIKOB, CKJIOHHBIX K arperaruiu.

CymiecTByeT 00/IbIIOE KOJIMYECTBO aITOPUTMOB 15l TOA00HBIX 3a1au [358]. [1o Hamum
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ononndopmatudeckum BerauciaeHUsIM Oenok NOSIAP sBisercss amMuionoreHHbIM
(Pucynok 10). K Ttomy xe, NOSIAP no maHHBIM NPOTEMHOrO CKPUHHUHIA MOYKET
B3aMMO/JICHCTBOBATh C O-CUHYKJIIEMHOM. B CBSI3M C 3THM Ka)KETCS JIOTUYHBIM U3YUYEHHUE
o0pa31oB Jto/iel, OONBHBIX CHHYKJICHHONATUSIMHU, C IIeNIbI0 HJIECHTU(ULIUPOBATDH
NOSIAP B arperarax BmecTe ¢ O-CHHYKJIEMHOM. C Ipyrod CTOPOHBI, MPOILECC UX
B3aMMOJICUCTBUS MOXET UMETh BpeMeHHbINH xapaktep. U maxe ecinu 6enok NOSIAP
JNEUCTBUTEIBHO SIBISICTCS aMHWJIOWJIOTE€HHBIM, M JEHCTBUTEIBHO B3aMMOJICHCTBYET C
0-CUHYKJICMHOM, B oOpasliax OOJbHBIX €ro MOXKET HE OKa3aTbCsi B JIOCTATOYHOM
KOJIMYECTBE, €CIIM B3aUMOICHCTBHE BYX OCNIKOB OBLIO KpaTKOBpeMeHHBIM. bonee Toro,
€CIM TPEANoJIOKUTh (YHKIMOHAIBHYI0 poib arperatoB NOSI1AP, mokaszate 31O
HEIMOCPE/ICTBEHHO B OpraHU3Me 4esioBeKa OyIeT IOBOJIBHO CIOXKHOM 3amaueii. Bee 3o
MO3BOJIIET 3aKJIIOUUTh, YTO HU3YYEHUE OEJIKOB, CBONCTBA KOTOPBIX CMOJCIUPOBAHBI
MeToaaMu OMOMH(GOPMATUKH, CTOUT HaYMHATH UCCIIEI0BaTh UMEHHO C 00Jee MPOCTHIX
MOJEIEH.

Ins 6enka NOS1AP B snuteparype He Oblla ONMMCaHa HU BO3MOXKHOCTH €rO
OJIMTOMEpHU3AIlM WM arperanuud, HU TeM Oojiee CIOCOOHOCTh 0O0pa30BBIBATH
amunougnsie  GubOpusibl.  Ja  ucciaenoBaHUsS —aMUJIOUAHBIX  CBOMCTB  OEJIKOB
CYIIECTBYET MHOXECTBO METOJIOB, KaK in Vitro, Tak W in vivo. B a3Toit pabore MbI
UCIIOJIB30BAIM WX pa3jU4Hble BapuaHThl. Tak, ObUla KCMOJb30BaHA OTHOCHUTEIIBHO
npoctasi OaktepuanvHas cucrema C-DAG. B Hell uccnenyemble HamMu O€NKH, Kak
nosHopazMepHbiii  NOS1AP, Tak u ero ¢parMeHTbl, HE MPOJIEMOHCTPUPOBAIU
aMunouAgHbIX CcBOMCTB (Pucynku 11, 12). OmgHako 5TH JaHHBIE HENIB3S Cpasy
AKCTPANOIUPOBATh HA YeJOBEKa, M BO3MOXKHOCTH arperaiiud NOSTAP in vivo TpeOyer
NAITbHENUIIINX UCCIIEIOBAHUN.

JIist uccnienoBaHus MpEANoaraeMbIX aMUJIOUIHBIX O€JTKOB YacTO MCHOJIb3YyeTCs
IpOXKEeBas JykKapuoTudeckas wmoxaenb [9,345-347]. B Takoit cucreme ymoOHO
WCCJIEIOBATh XapakTep CBEUYCHUsS (DIyOPECIEHTHBIX METOK, COSJMHEHHBIX C OenKaMu
HWHTEpeca ¢ MOMOIILI0 (PIIyopeciieHTHOW MUKpPOCKONUU. Hy>KHO OTMETHUTB, YTO TOJBKO
pE3yJAbTaTOB MHUKPOCKOIHMHM HEAOCTATOYHO JUIsl OLIEHKM TOr0, B KAaKOM COCTOSIHUH

HaxXoauTcsAa aHaJII/I?)I/IpyeMBIﬁ OCJIOK — B MOHOMCPHOM, OJIMTOMCPHOM, HWJIM B BHJC
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aMuIOUIHbIX (GuOpuiut. [ oTBeTa HAa 3TOT BOMPOC TPEOYIOTCS TOMOJHUTEIHHBIC
uccienoBanms. Ho 37ech Takke BO3HUKAET MPOOJIeMa KOPPEKTHOW SKCTPAIOJISAIIUU
MOJIYYCHHBIX PE3yJIbTaTOB B cllydyae uYeloBeueckux OenkoB. B Hamiem ciydae 1o
pe3ynbTataMm (IyOpEeCIeHTHOW MHUKPOCKOMWK MbI HAOIOaIN, YTO MOJTHOPA3MEPHBIN
oenok NOSIAP, a takxke ero ¢pparmentr NOS1AP(1-291), cnoco6Hbl 00pa3oBbIBaTh
CKOIUICHHUSI B KJETKax Apoxoked. OJHAKO CyIuTh UMEHHO 00 aMUJIOMIHOW MPUPOJE
TaKuX O0Opa30BaHUN HENB35, MOITOMY TPEOYIOTCS JOMOJHHUTENIbHBIE nccienoBanus. C
ATOM 1eJIbI0 HaMU ObLIT HMcmoyib30BaH MeToJ SDD-AGE, ¢ moMoripio KOTOpOro Msl
oOHapyxuiu, uto nogHopasmMepHslii NOS1AP B kieTkax ApOXOKeH HaXOAUTCS B BUIC
OJINTOMEPOB, YCTOMYMUBBIX K JI€TEPreHTaM, KOTOpPbIE, OJHAKO, YyBCTBUTEIbHBI K BME
(Pucynok 18). [locnenHee MOMXET CBHIIETEIHCTBOBATH O TOM, YTO TAaKUE arperaThl
CTAOMIN3UPOBAHBI TUCYIb(OUIHBIMU CBA3SIMH.

B kierkax gpoxokedt Mbl HaOMIOIAIM, YTO CBEPXIPOAYKIHUS (dparMeHTa
NOS1AP(391-506) npuBoauT Kk MOp¢oJIOrHuecKuM u3MeHeHusIM kieTok (Pucynok 13).
Otor (QparmeHT conepxuT C-koHieBoi PDZ-cBsi3piBaromuii JOMEH, KOTOPBIM
Croco0EH B3aMMOJIEHCTBOBATh C OelKaMu, cojaepkaimumu aoMeH PDZ, x koTopbiM

otHocutcsi NOS1 (Pucynok 33).

' 1-291 ' 292-390_' 391-506
> >t

NH2

HdomeH PTB CPE-cBA3bIBaKOLLMN PDZ-cBA3biBatOLWMMA
y4acTok MOTUB

Kapbokcunentuaasa E

Pucynok 33. /lomenHasi opranusanust u 0eiaku, B3aumoneiicrsyrwomue ¢ NOS1AP.
Cxema nomeHoB NOS1AP. [Tox oTaenbHBIME yU4acTKaMH MOMUCAHBI OCJIKH, KOTOPHIE C
HuMu B3aumozeicTBytoT: DEXRASI, Scribble u cunancunsl (cunancun I, 11 u IIT)
cBsa3pIBatoTcd ¢ joMeHoM PTB; nNOS cBsaspiBaercs ¢ PDZ-CBA3BIBaIOIIMM MOTHBOM;
kapookcunentugaza E (CPE) cBsseiBaetcs ¢ CPE-cBs3biBaromieid  001acTbio
(MmomudunmpoBano mno [278]). Crpenku yKa3plBalOT Ha TpaHUlbl (PparMeHTOB,
HCIIOJIB30BaHHBIX B paboTe.

CuHancuHsbl
Scribble
DEXRAS1
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Takue Oenku ecTb W B KIETKaxX Jpoxkeidl S. cerevisiae [348]. MoxHO
MPEINONIOKNUTh, YTO TAaKO€ B3aWMOJEWUCTBUE MPUBOAMT K HM3MEHEHHUSM MOp(dooruu
kierok. C apyroit — B ciyyae mnoiHopasmepHoro Oenka NOS1AP Ttakoro sddexra
OTMEUYEHO HE OBUIO, XOTS B €ro MOCJIEJOBATEJbHOCTH Takke MNpUCyTCTByeT PDZ-
CBSI3BIBAIOLIUHN JOMEH. DTO MOKET TOBOPUTH TOM, UTO HE BCEI/Ia U3BECTHO, KaK MOBEJET
cebs1 uccineayeMblid OelIoK B TETepOJIOTMYHONW CUCTEME, TJe OelIOK OTCYTCTBYET B
€CTECTBEHHBIX YCIOBUAX. Takue OCJIKU €CTh U B KJIETKax Npoxkel S. cerevisiae [348].
MOXXHO MpEeanoNoXKUTh, YTO TaKO€ B3aUMOJEHCTBUE MPUBOJUT K HU3MEHEHUSIM
mopdororuu kierok. C apyroi — B cirydae mosHopasMmepHoro 6emka NOSIAP Takoro
ap(dexTa 0oTMEUEHO HE OBLIO, XOTSI B €ro IMOCIEI0BATEIbHOCTH TAKXKE MPHUCYTCTBYET
PDZ-cBs3piBaromiuii ToOMEH. DTO MOKET TOBOPUTH TOM, YTO HE BCErJa HW3BECTHO, KaK
MOBEAET ceOsl UcciielyeMblid OEJIOK B F€TEPOJIOTUYHOM CUCTEME, T1Ie OETTOK OTCYTCTBYET
B €CTECTBEHHBIX YCIOBHSIX.

KyabTyphl KJIETOK MJIEKOMUTAIONIUX SIBISIOTCS OJHOW M3 Hambosee aJeKBaTHBIX
MojeNeld Uil aHaiuM3a OEJKOB YeJIOBeKa C MOTEHUUAJIbHO aMHJIOUMIOTE€HHBIMU
cBoiictBamu. HecmoTpsi Ha 3TO, KJIETOUHBIE JMHUM CUYUTAIOT CUCTEMAMH in Vitro.
CymiectByeT OOJIbIIOE KOJIMYECTBO KIIETOYHBIX JIMHUWA YEJNOBEKa, OTIUYAIOUIUXCS
MIPOUCXOXKJICHUEM, TUIIOM KJIETOK M JAPYrMMH ocobeHHocTsamu. Hamu Obuta BhIOpaHa
muauss HEK293T, tak kKak 3TO OYE€Hb paclpOCTPaHEHHAsi U OTHOCUTEIBHO MPOCTas B
pabote mozenb. B Hamem apcenane takxe Obuia auHus IMR-32, 0T 3KCIIEpUMEHTOB C
KOTOpPO¥M MPUIIUIOCh O0TKAa3aThbCad M3-3a HU3KOW dPdekTuBHOCTU TpaHcekuuu. Jlonroe
BpeMs cuutanoch, yto auHuss HEK293 (mpenmecrsennnk HEK293T), nonyuennas u3
KJIETOK S3MOpPHOHAJIBHBIX TIOYEK YEJOBEKa, NPEACTABISIOT €000l (PpuOpobdIacTsl,
SHAOTETUATBHBIC WU AMUTEINAIBHBIC KIIETKH, KOTOPhIE MPUCYTCTBYIOT B mouykax. Ho
no3gHee OBLIO MOKAa3aHO, YTO JTa KyJbTypa KIETOK HMEET MHOIO0 CBOMCTB
HeaubdepeHmpoBaHHbIX HEHPOHOB [359]. Tem He MeHee, B TUTepaType KICTKU JTMHUU
HEK?293 yamie oTHOCAT K KJIETKaM HE-HEHMPOHAIBHOTO MPOUCXOoxAcHUs. Hamu Obu1o
oTMeueHo B pabote, yTo kKak B IMR-32, tak u B HEK293T, nonnopa3smepHsblii Genok
NOSIAP, a takxe ero ¢parmenr NOS1AP(292-390) obOpa3zytor arperarbl. dparMeHt
NOSTAP(1-291) umeer Taxoii ke 3pPext B kiierkax HEK293T (Pucynku 15, 16 u 17).
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Caepxmpoaykuus nojgHopasmepHoro 6enka NOS1AP, a Takxke ero ¢pparMeHToB
NOSITAP(1-291) uw NOSI1AP(292-390) Bmustor Ha  MOpP(}OJOTHIO  KIETOK
miekonuTatomux (Pucynoxk 15). Cyas mo BceMy, arperanusi IOJTHOPa3MEPHOTO
NOSITAP uutorokcuuna (Pucynox 19). B To ke Bpems, TOibkO ¢GparMeHt
NOS1AP(391-506) uzmensaeT BHEIIHUHN B KIeTOK apoxoxkei (Pucynok 13). Mel moka
HE MOXEM TMPEeMIOKUTh TOYHOTO OOBSICHEHUS HATUX paznuuuil. Bo3MoxHO
CBEPXIPOAYKIHS OENKOB C (YHIMOHAIBHBIMH JOMEHAaMH, K KOTOPBIM OTHOCHUTCS
NOS1AP, npuBOIUT K HapylICHUIO KJIETOYHOH (u3nosioruu. MIHTEpECHO OTMETUTb,
yto (pparmeHT NOS1AP(391-506) 3anHuMaeT Bce MPOCTPAHCTBO KIETKH, O YEM MOKHO
cynuth 1o nuddyzHomy ceuennto metku EGFP, u He npuBoauT k Mopdoiaoruueckum
u3MeHeHussM. Ho nMeHHO 3TOT pparMeHT OKa3bIBAET BIMSHUE Ha MOP(OJIOTHIO KIETOK
JIPOMKIKEHN, Y KOTOPBIX €0 MPOAYKIUS TaKKE NOBBIIICHA.

Takum 00pa3oM, MBI MOXKEM 3aAKIIOUHUTH, 4TO NoJiHOpazMepHbld NOSTIAP u ero
dbparment NOSI1AP(1-291) npu  cBepXmpoayKuuu oOpa3yloT YCTOMYMBBIE K
JIeTEepreHTaM arperathl B KieTkax 3ykapuoT (PucyHok 18). DToT BBIBOA OCHOBaH Ha
CJIIEYIOLMX KIIFOUEBBIX pe3yJbpTaTax. B KileTkax apoxokeit S. cerevisiae uccienyeMblil
o6emok NOSIAP, a taxxke ero gparment 1-291, oOpazytor arperarsl (Pucynok 13). B
cBOIO ouepeab B KynbType kietok HEK293T arperatel popmMupyroT noiaHopa3MepHbIi
NOSIAP u ero ¢parmentet NOS1AP(1-291) u NOS1AP(292-390) (Pucynok 15).
[IpumeuaTenbHO, 4YTO NpeaAnoiaraeMble CTPYKTYPUPOBAHHBIE YYaCTKHM B MOJEIU
NOSITAP nonanaroT B 3TH peruoHsl, B TO Bpems, kak ¢pparmeHT NOS1AP(391-506)

MPUXOJIUTCS] HA HECTPYKTYPUPOBaHHBIN yuacTok (PucyHok 34).
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W1-291  [292-390 391-506 [ pLDDT > 90 [ 90 > pLDDT > 70
" pLDDT < 50 70 > pLDDT > 50

Pucynoxk 34. Tpexmepuas crpykrypa NOS1AP. IIpocTpaHCTBEHHast CTpPYKTypa
NOSI1AP, npenckazannas ¢ nomonisio AlphaFold [360,361]. A — IIpocTpancTBeHHas
ctpykrypa NOS1AP ¢ 0003Haue€HHEM PETMOHOB, B3STHIX B aHAJIW3 B JaHHOW paloTe.
b — TpexmepHas ctpykTrypa 0enka NOS1AP ¢ ykazaHueMm 1OCTOBEPHOCTH ISl KAXKIOTO
octatka (pLDDT), BeipaxkenHoro 3HauenueM oT 0 go 100. Hekotopwie oOnactu ¢
pLDDT nuxe 50 MOryT ObITh HECTPYKTYPUPOBAHHBIMU.

Taxxe HeoOxoaumMo J00aBUTh, YTO JallEKO HE BCE H3BECTHBIE OENKH C
aMUJIOUIHBIMU CBOMCTBaMHU arperupyroT B KyJIbType KIETOK uesioBeka. Hampumep, B
KJIeToyHOM JmmHMM 4yenoBeka HEK293 arperanmst o-CHHyKJIeMHa WMEET psij
ocobeHHocTei. Tak, B KjeTkax MOryT OoOpa30BBIBATHCS HEOOJbIINME BKIIOYEHHS, HO
JIOBOJIBHO PEIIKO OHM MpeoOpasyroTcst B arperatbl. MHOrAa sl yCUJIEHUsl arperanuu
TpeOyeTcss cBepxmpoaykius apyrux OenkoB [362]. B cmygae NOSIAP B mHammx
HKCIIEPUMEHTAX arperupoBail 6€3 JOMOJHUTENbHBIX Bo3aecTBul (PucyHok 16).

Mpe1 nokazanu, yto NOSIAP u ero ¢gparmentsl 1-291 u 292-390 cnocoGHBI
0o0pa30BbIBaTh CTAOWJIbHBIC arperaThl B KIETKaX APOAOKEH W/WIIM MIIEKOMUTAIONIUX.
Heo6xonumo n00aBUTh, UTO B Halmied paboTe B KIETKaX JyKapHOT HCIOJIb30BAIH
KOHCTPYKIIUU JUIsl CBEPXMPOAYKIUMU OEJIKOB, YTO TaKXE€ HE IO3BOJIAET CYIUTh O
MOBEICHUHU 3TOTO OeNKka MpU HOPMAJIbHOM ypOoBHE cHUHTe3a. OJHAKO, CTOUT OTMETHUTb,
4YTO MpU MHU30ppeHUH oTMevaroT noBbiieHHOEe koinyecTBO MPHK rena NOSIAP, a
TaK)Ke COOTBETCTBYyMOIIEro Oenka [22]. C apyroii CTOPOHBI, HHAKTUBAIIUS PA3IAYHBIX

OenKoB B arperatax X (yHKIIMOHAIBHBIX MAPTHEPOB MOKa3aHAa HA MHOTHX MpUMEpax
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[13]. OT0 mo3BodsieT mpennoyoxuth, uto arperatbsl NOS1AP cnocoOHBI TUTpOBaTh
nNOS, npu 3ToM MOKeT cHUXKaThcs yucio komiuiekcoB nNOS ¢ NMDA -penentopamu,
yTto cHmwkaeT NMDA-onocpeqoBaHHbBII TNPUTOK KajJdblUsl W JIEAKTUBUPYET
Karanmutuyeckyto aesrenbHoctb NNOS. Ilpennonaraercs, 4To CHUKEHHE AKTUBHOCTH
ATUX PEIENTOPOB CBSI3aHO ¢ pa3ButheM Imuzodppenuun [311]. Takum oOpazoM, Haiu
JAHHBIEC TO3BOJISIIOT HaM IMPEUIOKUTh HOBBIM MOJIEKYJISIDHBIA MEXaHWU3M B paMKax
TIIyTaMAaTHON TUIOTE3bl Pa3BUTHS MIKM30(PEHUH, OCHOBaHHBIN Ha arperauu NOS1AP

(Pucynox 35).

NOS1AP

Ceepx3akcnpeccusa NOS1IAP
YMeHblIeHMe KONMMYyecTBa KOMMNIEKCoB

NMDA-peuenTopoe ¢ nNOS
CHWKeHWe NpuToKa Kanbuus

‘ WMHakTneauma nNOS

O6pazoBaHue dubpunn a-cuHyknenna ' O @l —/

1
1 MunodyHKuMA

I NMDA-peuenTopa

|
-O

Y

BonesHb W *
MapkuHcoHa MoBbIWeHHEIH pyUck bone3Hu MNapkKUHCOHa ¥ NauneHTos ¢ wusodpeHuen M3Ohperus
a-CUHYKNenH ~ NOS1AP

. NMDA-peuenTtop

@ PSD-95 @ nnos
Pucynoxk 35. Bo3moxnass poab arperanmu NOS1AP B mnarorenese 00Jie3HH
IMapkuHcoHa U mu3odpennu. Cruomssie JINHUA COOTBETCTBYIOT
OKCIICPUMCHTAJIbHBIM  PC3YyJIbTaTaM, a4 IIYHKTHPHBIC JIMHHUU — THUIIOTCTUYCCKUM

IMPCAIIOJIOKCHUAM. KpaCHI)IMI/I CTpCIIKaMH1 0003HAYECHBI IIpoHeCCbl MW THUIIOTC3HI,
KOTOPBIC MbI BBIJIBUTACM Ha OCHOBC HAllIUX PC3YJILTATOB.

4.2 Bzaumopgeiicteue NOS1AP ¢ 0-CHHYKJIEeHHOM

B3aumogeiictBue 0enka NOS1AP ¢ o-CHHYKIEMHOM B JIUTEpAType YIIOMHUHAETCS
JUIIb €IUHOX/IBI, U SBIISIETCA PE3YJIbTATOM IPOTEOMHOIO CKPUHHUHIA, OCHOBAHHOIO Ha

KO-MMMYHOIIPEIMIUTAIMA C TOCIENYIoIIe Macc-crekTpoMmerpueit [26]. OpaHako,
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HaIpPaBJICHHOW MPOBEPKHU 3TOr0 B3aUMOACUCTBUS HE npoBoAmiIock. [Ipu atom NOS1AP
HEe (QurypupyeT B HCCIEAOBAHUAX MO OEIIOK-OCNKOBBIM  B3aHMMOJCHCTBHUIM
O-CUHYKJIEMHAa C OeJKaMHM NapTHepaMH MpPU CHUHYJICHHONATUAX WA IH30(PPEHUH
[363,364]. Takum oOpa3om, y Hac Obljla BO3MOXHOCTb BIIEPBBIC JECTATbHO U3YYUTh
busnueckoe B3aumozeiicteue NOS1AP ¢ a-cuHyKIenHOM.

Meron  OUMONEKYISpHOW  (IYOpPECHIEHTHOW  KOMIUIEMEHTAIlMU  SIBJIAETCS
JOBOJILHO  PAacOpOCTPAHEHHBIM  CIHOCOOOM  HCCIIEIOBaHUS  OEIOK-OEIKOBBIX
B3aUMOJICUCTBUI B KMBBIX KieTkax. OH MOAXOAUT IJis MU3Y4YEHHUS B3aUMOJCUCTBUS
JByX LEJNEeBbIX OenkoB. B 0onee CI0KHOM BapUaHTE 3TOT METOJ MOYKHO Jaxe
pacuMpuTh A0 u3ydeHus Tpex OenkoB. B Takom ciywyae ucnomnwszyercss meton FRET,
ocHoBanHbll Ha BiFC (cMm. 0630p [365]). Ho naxke mpu u3y4eHUH BCEro JIBYX OEJKOB
BO3MOYKHO HCIHOJB30BaHUE OOJBIIOIO KOJUYECTBA KOHTPOJEH, T.K. TEOPETHYECKHU
CYLIECTBYET BOCEMb KOMOMHALIUNA KOHCTPYKLHUH, KOTOPBIE OTJIMYAKOTCS MEXIYy COOOM,
Harpumep, N- unu C-KOHIEBBIM pacroyioxkeHueM ¢parmenta (GiayopeciieHTHOro Oenka
[366]. Takum 00pa3oMm, HYXHO BHUMATEJIbHEE MOAXOAUTH K BOIPOCY MOIYUYEHUS
OeNKOB C (IyOpECIEHTHBIMA METKaMU M WHTEpPIpeTaluyd pe3yibTatoB. B Hamei
pabore Obulo mokazaHo, uto Oeinok NOSIAP u ero ¢parmentet NOS1AP(1-291),
NOS1AP(292-390) u NOS1AP(391-506) B3auMOAEUCTBYIOT C O-CHUHYKJIEHHOM B
wietkax HEK293T (Pucynok 20), o dYemM MBI MOXET CYAWTh IO JETEKIIUU
(dayopeciieHTHOro Oenka Mpu peaccolMal €ro 4acTeid. DTO CTABUT IMOJ COMHEHHUEM
BOIPOC O HAIMYUU B mocienoBaTenbHocTu Oenka NOS1AP cnennduueckoro yyacrka,
OTBETCTBEHHOTO 32  B3aUMOJICUCTBHE C  O-CHHYKJIEMHOM. Bo3MmoxHO, B
MOCJIEIOBATEIbHOCTH BCEX (dbparmMeHToB IPUCYTCTBYIOT onpe/eleHHbIE
AMUHOKHUCJIOTHBIE MOTHUBBI, C KOTOPHIMH B3aUMOJEHCTBYET O-CHHYKJIEHUH. MOXHO
TaKXKe MpeAnoyoxutb, 4to Oenku NOSIAP u o-CuHYKJIEHMH B3aUMOIECHCTBYIOT
IIOCPEACTBOM KaKoro-to Oenka mocpeaHuka. OIHAKO 3TO ObUIO OBl BO3MOXKHO B
KJIIETKaX 4elioBeKa. B  kieTkax JpoxoKedl Mbl  MHOKa3ad  KOJOKAJIU3ALUIO
noiHopasMepHoro NOS1AP u ero ¢parmentoB NOST1AP(1-291) u NOS1AP(292-390)
¢ a-cuHykienHoM (Pucynok 21). 9To moaTBepKaaeT Npeablayline pe3yabTaThl, XOTs

HE TIO3BOJIAET C YBEPEHHOCTBHIO TOBOPUTH O (PU3UYECKOM B3aUMOJEHCTBUU MEXKIY
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OellkaMM B KIETKax JApoxoked. MHTepecHO, 4TO Mbl MOJYYWIIM OTIMYAOLINECS
pesyabTarbl  KoJokanuzamu NOSIAP u  o-cMHyKJIeMHa C aMHUHOKHUCIOTHBIMH
3ameHamu (Pucynok 22). Mbl MoxxkeM mpeamnosioxkuTh, uTo 3ameHbl AS53T u E46K
0-CUHYKJIEMHA TPEnsATCTBYIOT ero B3aumopeictBuio ¢ NOSI1AP. [lanHble O Takux
B3aUMOJICUCTBUSAX MOTYT OBITh MOJIE3HBI B CBETE TOTO, UTO BapUAHTHl O-CUHYKJIEUHA C
3aMeHaMu caMH 10 ce0e 00JaJaroT pa3HbIMU CBOMCTBAMHU, TaKUMHU KaK CKOPOCTh
arperaru 1 MUTOTOKCUIHOCTh [353,367]. Jlns Gosiee meTaabHOTO aHAIHM3a JPOKKEBBIC
JIM3aThl MOKHO JOTOJHUTENIBHO UCCIIeI0BaTh ¢ nmoMolbio Meroaa FRET, uto roBopusio
Obl yXe HemocpeacTBeHHO o0 B3aumozeiictBun NOSIAP u  o-cuHyKJIeuHa.
[IpumeuarenbHo, yto B ciaydae pparmenta NOSIAP(391-506) taxxe HaOmomaroTcs
pacxoXKJeHusi B pe3yjbTaTax OKCIEPUMEHTa B JIPOXIKax M B KyJNbTypax KIETOK
yenoseka (Pucynku 20, 21). Bo3moxHO, npu B3aMMOJIEWCTBHM 3TOT0 (parMeHTa c
JIPOACKEBBIMU  OenkamMu nocpeAcTBoM PDZ-cBsi3pIBatoniero MOTHBa yMEHbILIAETCS
BEPOSITHOCTh KOHTaKTa C O-CUHYKJICHMHOM. YUWTHIBAs MOJYyYEHHbIE HAMU JIaHHBIE MPU
pabote ¢ kyiapTypou kieTok uenoBeka HEK293T u mpoxokamu S. cerevisiae MOXHO
3aKJII0YUTH, 4TO TostHOpa3MepHbiii NOS1AP, a takxke ero pparmentst NOS1AP(1-291)
u NOS1AP(292-390) B3aMMOJEHCTBYIOT C O-CUHYKJIEMHOM B KJIETKAaX JyKapuOT IMpHU
CBEPXIPOAYKIIHIH.

Koarperanus nByx OenkoB B mpoiiecce (GopMupoBaHUs OCIKOBON (HUOPUILIBI
MpECTaBIAECT cOO0M OOJBIION HHTEpEC ¢ PyHAaMEHTAIbHONW TOUKHU 3peHus. B cBs3u ¢
ATUM HccienoBanne Bo3MOKHOCTH O0enkoB NOSTAP u a-cuHykIienHa KOoarperupoBaTh
SBJISJIOCHh HEOTHEMJIEMOW YacCThIO HAILIEr0 HCCleNoBaHud. B skcnepuMmeHTtax in vitro
ObLJI0O  MPOAEMOHCTPUPOBAHO,  YTO  J00aBJI€HHME  MOHOMEpPOB  (parmMeHTa
NOS1AP(292-390) yckopsieT arperaiiio MOHOMEpPHOIo o-cuHykienHa (Pucynok 31).
Takxke mMbl oTMeTwiin, 4yTo nobasnenue ¢pparmeHToB NOS1AP(391-506) yBenuuunBaer
BpeMms lag-das3er B mpoiiecce GuOpWIM3auu o-CUHYKIenHa. B ciydae coBMecTHOM
unkyoauun NOSI1AP(391-506) u o-cuHyKkJieMHa HE HaOII0aeTcs YBEIWYCHHUS
CKOpPOCTU. MOXXHO MPEANOJIOXKUTh, YTO B3aUMOJCHCTBUE ABYX OEIKOB MPOUCXOAMT

TakuM oOpa3zom, uto ¢parmeHT NOS1AP(391-506) He mnpemsTCTBYeT 3JIOHTAIluU
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¢ubpunn o-cuHykienHa, OyIydd TPUCOEIMHEHHBIM K YXe 00pa3oBaBIIEMYCS

onuroMepy i nporodpuminamenty (Pucynok 36).
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Pucynok 36. IlpeanoJiaraemcsi cxema Koarperaiuu o-CHHyKJIeHHA U ()parMeHTOB
NOS1AP. Cxema Bo3MoOxHOro B3ammojenctBus (parmentoB NOS1AP(292-390) u
NOS1AP(391-506) ¢ a-CHHYKJIEHHOM B MPOIIECCE €r0 aMHJIOUIMU3AIlUA. A — TIPOIECC
oOpazoBanusi GUOPUIUT O-CUHYKJIEHMHA TPU €r0 CaMOCTOATEIBLHOM arperainuu, KOTOPhIi
BKIIIOYAET TaKWe CTagul KaK TepBHYHAS HYyKIJIeallus, OJJIOHTalus W BTOpPUYHAsS
HykJeanusi. b — mporecc oOpazoBanus (GUOPUIUT O-CUHYKJIEHHA MPU J10O0ABICHUU
MoHoMepoB (pparmenta NOS1AP(292-390). B stom ciywyae ¢dparmentsl NOSIAP
CIOCOOHBI CBSI3BIBATHCS ¢ 00pa30BABIIMMUCS (GUOPUIIIAMH, IPUTATUBASA K HUM JIPYTUe
MOHOMEPHI (i-CHHYKJIEMHA, YCKOPSISl TEM CaMbIM BTOPUYHYIO HyKJearuio. B — mporiecc
oOpa3zoBanusi GUOPWIT O-CHHYKJIEHMHA NpHU J100aBICHUM MOHOMEpPOB (pparmeHTa
NOS1AP(391-506). Cormnacno stoit cxeme MmoHOMephI hparmeHTa NOS1AP cBs3biBatoT
MOHOMEpPHI ~ O-CMHYKJIEMHAa TakuM oOpa3oM, uTo oOpa3oBaHHE OJUTOMEPOB
O-CHHYKJIEMHA 3aTPyJHEHO, YTO MOXET MPUBOAUTh K 3aMEJICHUIO MEepBUYHOU
HYKJICALIUH.
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Bo3Moxno, yto B3aumojerictBue NOS1AP(391-500) u a-cuHykiaenHa — 3TO TOT
Clly4ail Koarepramuu, Korja JBa Oejka B3auMOJEHCTBYIOT B MOHOMEPHOM BHJIE, 3aTEM
OJIMH M3 OeNKOB 00pa3yeT arperarbl, a BTOPOM — OcCTaercs chelupuyeckd ¢ HUM
cBs3aHHBIM (cM. 0030p [13]). Ilpu moGaBmenun ke moHOMepoB NOS1AP(292-390)
CKOPOCTb arperaiu o-CUHyKJIeuHa yBenauuuBaeTcs. He wuckiarodeHo, 4to Oymydu
CBSA3aHHBIM C OJHOM MOJIeKyJoil a-cuHykienHa, @parmeHT NOSIAP(292-390)
cnocobeH cBsi3ath eme oaHy (Pucynok 36, b). B Takom cimydae, coequHEHHBIA C
bubpmoit a-cunykienHa 6emok NOS1AP(292-390) npusiekaeT npyrue MOHOMEPHI
0-CUHYKJIEMHA, CTUMYJIUPYS TaKUM 00pa3oM BTOPUYHYIO HYKJICAITHIO.

Crout Takxe OTMETUTh, 4TO noOaBieHue (parmentoB NOS1AP(292-390) u
NOS1AP(391-506) mnpuBoguino K oOpa3oBaHuio ©Oojee JUIMHHBIX  (pulOpuiI
0-CHHYKJIEMHA, HEXKEIM B CIy4ae CaMOCTOSITEIbHOW arperamuv o-CUHYKJIEHHa, 4TO
JOTIOJTHUTEIBHO MOKET CBUJETEIHCTBOBATH O B3aMMOJICUCTBUM HCCIEAYEMBIX OCIKOB
(Pucynok 32). Ilpu 3ToM Habm0ae€TCd HEKOTOPOE MPOTUBOpPEUHME: MPU JT0OABICHUU
oboux ¢parmentoB NOSIAP nHaOmonmaercs yBeIMYEHHE JUIMHBL  (UOPHILT
0-CUHYKJIEWHA, OJTHAKO YCKOPEHHUE arperaiud OTMEUEHO TOJIbKO B ciydae (hparmMeHTa
NOS1AP(292-390). MoxHO  OpeamnoiaoXkuTh, YTO  OpPU  Koarperauum C
NOS1AP(292-390) ne nepekpoiBaetcs 06mactb NAC o-CHHYKJIEHHA, OTBETCTBCHHAS 3a
ero amuiouausanuio. I[lpum stomM, Bo3MoxHO, (parmenTsl NOSIAP(292-390)
JOTIOTHUTENBHO ~ «IPHUTITUBAIOT» JOPyr K JIPYyry MOHOMEPHI W OJIATOMEPHI
0-CUHYKJICMHA, 4YTO C OJHOW CTOPOHBI YCKOpSIET €ro arperamuu, a c JIpyrom —
CIIOCOOCTBYET cTabunu3anuu U GopMupoBaHuto Oosiee TIMHHBIX (uoOpmn (PucyHok
36, b). B cnyuae ¢ ¢parmentom NOS1AP(391-506) mM0XHO OOMyCTUTh, YTO €ro
MOHOMEpHI Kak pa3 3aTparuBatoT o00sactb NAC 0-CHHYKJIEWHA, YTO BEPOSITHO,
NPUBOJNT K HEKOTOPOMY YBeIW4YeHWIO lag-a3bl peakiuu, oIHAKO, B JajJbHEHIIEM
¢ubpunzanus o-CHHYKJIEMHA UAET 0e3 CYIIECTBEHHBIX H3MEHEHUH CKOPOCTH.
MO>XHO BBIIBUHYTH MpeAnoiokenne o ToM, uyto ¢pparmeHT NOS1AP(391-506) Takxke
MO3BOJISIET «YKPEIUIATh» (QUOPUIUIBI O-CHHYKJIEHHA, YTO CBSI3aHO C MX OoJbLIeH
JUTMHOW, HEXKEITM B CIIydae CaMOCTOSITENIbHOW arperamnuu o-cuHykienHa. Heobxomaumo

n00aBUTh, YTO B KAayeCTBE KOHTPOJS Mbl TaKKe MpOoOOBaM [00ABISATH OBIUMI
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CBIBOPOTOYHBIN aTbOYMHH B POJIM BTOPOTO O€NKa (JTaHHBIC HE MPEACTABICHBI), OJTHAKO
ATO HE BJIUSJIO HAa MapaMeTPhl arperaiyu o-CUHYKJICHHa.

[lonmydyeHHble HaMU pE3yNbTaTbl HMMEIOT BAXKHOE MEIHUKO-OHMOJIOTrMYECKOe
3HA4YCHUE, MTOCKOJbKY O-CUHYKJIEUH SIBJISICTCS] U3BECTHBIM MATOJOTHUYECKUM aMUJIOUIOM
4eJioBeKa, a JJAaHHbIE 0 ero (U3MUYEeCKUX KOHTAKTaX C JAPYTUM OEJIKOM MOTYT YKa3bIBaTh
HAa HOBBIE MEXaHU3MBl MOJIEKYJSIPHBIX IPOLIECCOB, BEAYIIUX K PA3BUTHUIO
cunykiienHonatuii. C napyroii ctoponsl, 6e10k NOSTAP CBSA3BIBAIOT C MCUXUYECKUMU
paccTpoiicTBamMu, TJaBHBIM o0Opa3zom ¢ mmm3odpenueit [23,24]. Tak, BO3MOXKHO
MPEANOJIOKUTh, YTO HEKOTOPHIE MATOJIOTHYECKUE COCTOSIHUS YETIOBEKA B3aMMOCBSI3aHbI,
€CJIM YYaCTHUKHU HUX MOJICKYJSAPHBIX MEXaHU3MOB B3aUMOECHCTBYIOT. B MenuuuHckon
MPAKTUKE OINHCAHBI CIIy4au COCYIIECTBOBAHUS HJIUONATHUYECKOTO IMAPKUHCOHU3MA U
mm3oppenun [12]. Kpome Ttoro, ectb cBeneHHUs, YTO y OOJBHBIX pPacCTPOMCTBAMU
30 PEHUYECKOTO CIIEKTPa MOBBIIIEH PUCK pa3BuTus Oosie3Hu [lapkuncona [368].

Hamm nanneie o B3aumojeiictBum U coBMmecTHoW arperaiiun NOS1AP u
O-CUHYKJIEMHA TMPENIOoJaraloT MOJEKYISIPHbIA MEXaHU3M, JIeKalluii B OCHOBE
COCYIIECTBOBAaHHUS JBYX COIMAJIBLHO 3HAYMMBIX TaToJjioruii: OosiesHu I[lapkuHcoHa u
mu3oppenuu. [loBeillieHHE JOKaTbHOW KOHILEHTpPALMM O-CUHYKJIEMHA B arperarax
NOSITAP wmoxeT cmocoOCTBOBaTh €ro arperaidd ¥ Pa3BUTHIO CUHYKJICHMHONATUN
(Pucynox 35).

bonesnp IlapkuHcoHa U mM30PpeHUsT H5TO JIBa TCUXOHEBPOJOTHUECKUX
pPacCTpOKMCTBA, KOTOpbIE MIPEACTABIISFOT co0oif JIBE KpanHHe TOYKHU
nohaMHUHEPTUUECKOTO CIIeKTpa, rae B ciydae Oone3nu IlapkuHcona HabOmomaeTcs
neduut nodamuna, a B ciydae mu3o(peHun — Ype3MepHasi aKkTUBHOCTh J0(amMuHa B
cpeadeM Mosre [364]. OnHoBpeMeHHas Tepanus dTUX 3a00JICBaHUN OCIOKHSICTCS TEM,
YTO MEJAMKAMEHTO3HOE JICUCHHE KaXKJIOI0 PacCTPOMCTBA OKAa3bIBAET MPOTUBOIIOIOKHOE
BIIUSIHUE Ha ypoBeHb nodamuna [369]. DT ciydan MO3BOJIIOT MPEANONIOKUTH, YTO
HUTPOCTPHAPHBIA U Me30JIUMONYecKuil aodamuHepruyeckue myTd (YHKIMOHUPYIOT
HE3aBUCHMO, B pE3yJIbTaTe 4Yero y MalUeHTOB ¢ IMM30(ppeHuer He o0s3aTeabHO C
MEHBIIIEH BEPOATHOCTBbIO, YEM Yy JPYTHMX MOXET pPa3BUBATHCS HJIUONATHYECKUN

NapKUHCOHU3M C BO3pacToM. TakuM 00pa3oM, MOYKHO JOIMYCTUTh, YTO arperanus Oenka
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NOSI1AP w/mnu ero koarperaiusi C O-CUHYKJICMHOM (M, BO3MOXHO, JAPYTUMHU
MaTOJOTUYECKUMU aMHUJIOMIaMH) MIPUBOJIUT K JiecTaOmIn3aluu paboThl HEUPOHATLHON
NO-cuHTa3bpl, U Kak CJeACTBUE, HapylleHuto obpazoBanHus NO, pe3yabTaToM 4Yero
MOXET  CTaTb  pa3BUTHUE OOIIUPHOTO CIIEKTpa  HEBPOJIOTMYECKHUX u
HeHpoJiIereHepaTUBHBIX 3a00JIeBaHUI.

C npyroil TOYKM 3pEHUS, MEXaHW3M, OCHOBAHHBIA Ha MOJAUQPHUKALUU
0-CUHYKJICHMHA, TaKXE€ MOXET OOBSICHUTh B3auMMOCBs3b Ooisie3Hu IlapkuHcoHa U
mu3ohpeHud. MOXXHO TNPeanoNoxKUTh, YTO ToBbimieHHEe mnpoaykiauu NOSIAP
MPUBOJUT K U30BITOUHOMY HUTPOBAHUIO OEIKOB KJIeTKU. HUTpoBaHue SIBISETCS OJJHUM
U3 BO3MOXHBIX OKHUCIMTEIBHBIX MEXaHU3MOB, NPHUBOASAIIMX K OOpa30BaHUIO
OJINTOMEPOB O-CUHYKJIEHHA 32 CUET JUTUPO3UHOBBIX «CIIMBOK» [370]. HutprpoBaHHbIH
0-CUHYKJIEUH OOHAapy>KUBAIOT B Teyblax JIeBM B 00pa3iax rojJoBHOIO MO3ra OOJIbHBIX C
oonesnpto I[lapkuncona [227,371,372]. Hampumep, pacTBOPUMBINA O-CHHYKJICHH,
HuTpoBaHHbld B Tyr39, HendEKTUBHO CBA3BIBAETCS MpOTE€a3aMu, YTO MPUBOAUT K
CHIKEHHUIO CKOPOCTH €ro Jierpajalluu, HaKOIUJICHUIO U 00pa3oBaHuio (GuOpmiLl Oenka
[373]. Takum oOpa3oM, MOKHO TPEIONIOKUTE, UTO cBepxmpoaykuus NOS1AP taxxke
MOXET TPUBOJUTH K HUTPUPOBAHUIO O-CHHYKJIEMHA W BIUSATH HAa €r0 arperamuio
(Pucynok 35). B aTom citydae CTOUT yHOMSIHYTh MCCJIEIOBaHHE, B KOTOPOM Y MBIIIEH
ceepxakcnpeccusi NOSIAP mpuBomuia K 3HAYUTENBHO O0J€e BBICOKMM YPOBHSIM
bochopuIMpoBaHHOTO, OJUTOMEPU30BAHHOIO M HEPACTBOPUMOro tau, a TaKxke
YBEJIMYCHHUIO HUTPOBAHMSI TUPO3UHA B nosioxkenuu 29 (Tyr29) [25].

Takum oOpazom, B Hamie paboTe Mbl mokazanu, 4to O0erok NOSIAP u ero
dbparMeHTbl 00pa3yrOT arperarbl B KJETKaX MIJICKOMUTAIOMMX. Takxke HaMm YJIalioch
BIIEpBBIE TMOKa3aTh B3ammojerictBue Oenka NOSIAP, a takxke ero ¢parmMeHTOB C
O-CUHYKJIEMHOM. bonee Toro, Mbl MNPOAEMOHCTPUPOBAIM, UYTO  MOHOMEPHI

NOS1AP(292-390) criocoOHBI YCKOPATH arperamuio o-CHHYKJICHHa.
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BJAT'OJAPHOCTH

«bozu danu n100aMm 3Hanue, 00CMAMoOYHOe TULUb, YMOObl HANOAHUMb HCUBOMIbL.
Ho, ucnoav3sys ezo, 1100u co30anu uHCMpYyMeHmbl, HANUCAIU KHU2U, NOCMPOUTU 20POJa.
A menepb oHU HANPABULU CBOU 830D K 36€30aM U OE30HAM.

Kaoicooe menosenue onu cozoaiom nosoe 3HAaHue, u s bonvute ne Mocy omeecmu ceotl 630p.»

B 3akmouenue s Obl XOTeN HamucaTh CIOBa OJArOJapHOCTH CBOEMY HAYYHOMY
pykoBoautento — bongapeBy CranucnaBy AJNEKCaHAPOBHUY 32 YYTKOE PYKOBOJACTBO,
METOJUYECKUE COBETHI, 32 MOMOIIb B IJIAHUPOBAHUM SKCIEPUMEHTOB, a TaKkKe 3a
OECKOHEYHO OTPOMHYIO MOJJIEPKKY U Bepy B MeEHA. XOTeIoch Obl M0O0JIaroapuTh
CBOMX KOJUIET N0 J1abopaTopuu 3a MOAJEPXKKY, aKTUBHOE OOCYXJeHHuE pabouynx
BOIIPOCOB U DETyJSIpHbIE Hay4yHble ceMuHapbl. B ocoOeHHOCTM s OBl XOTEN
nobnarogaputs Tpyoununy Huny IlaBnoBHY 3a mOMOIIs IPU BBIMIOJHEHUU PAaOOTHI U
00CY>KJI€HHE MOJIyYEHHBIX PE3YyJIbTaTOB.

A Onarogapen  TpyOuuumnoit Hume IlaBmoBHe, bapoutoBy IOpuio
AnekcangpoBuuy, MarBeenko Amnzapero ['eoprueBnuy, JKypasneBou ['anune
AnaronseBHe M bonnapeBy CrtanHucnaBy AJEKCAHIPOBUYY 32 OTPOMHYIO padoOTy mpu
MOJATOTOBKE JIBYX O030pHBIX CTaTel, MaTepualbl KOTOPhIX ObLIM MCHOJIB30BAHBI B 3TON
pabore.

A o6narogapro KypapieBy ['anuHy AHATOJILEBHY 3a KPUTHYECKOE MPOUYTECHUE
TEKCTa JUCCEPTALUH.

A xouy no6narogaputs KaronmukoBy Hatanbio BuktopoBny u Kaukuna Jlanuuna
BanepbeBrua 3a npe10CTaBICHHBIE KYJIBTYPhI KJIETOK.

[Tomumo coTpyanukoB kadenpsl reHetrku u omorexuonorun CIIOIY, xouercs
Takxe nodsaronaputh corpyaHukoB Pecypcubix Lentpos CIIOI'Y PomanoBuy AHHY
Onyapaosny, Koctuna Hukonass AnaronseBuda u BopoObeBa Makcuma ['epmanoBuua
3a MOMOIIb B paboTe Ha 000PYI0BaHUH.

Sl Gmaromapro CBOMX POAMTENEW M CBOIO CECTPY 3a MOJJEPKKY B Ipoliecce

06y‘leHI/I$I B ACIITMPAHTYPC U HA MPOTAKCHUU HAITMCAHUS TCKCTA JUCCCPTALTUN.
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LIST OF ABBREVIATIONS AND SYMBOLS

6xHis — tag consisting of six histidine residues;
AA-amyloidosis — reactive amyloidosis;

ALS — amyotrophic lateral sclerosis;

AMP — antimicrobial peptides;

BF — bright-field;

BiFC — bimolecular fluorescence complementation;
BME — B-mercaptoethanol;

bp — base pair;

C-DAG — curli-dependent amyloid generator;

CNS — central nervous system.

CRES — cystatin-related epididymal spermatogenic;
CsgAss — CsgA signal peptide;

CST3 — cystatin C;

eNOS/NOS-III — endothelial NOS;

FL — full-length;

FRET — Forster resonance energy transfer;
INOS/NOS-II — inducible NOS;

IPTG — isopropyl B-D-1-thiogalactopyranoside;
MTT — thiazolyl blue tetrazolium bromide;

NAC — non-amyloidal component;

NMDA — N-methyl-D-aspartate;

nNOS/NOS-I — neuronal NOS;

NO — nitric oxide;

NOS — nitric oxide synthase;

POL — polarized light;

PrP® — PrP normal cellular isoform (kerounas nsopopma PrP);
PrP% — PrP scrapie isoform;

PTB domain — phosphotyrosine-binding domain;
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RHIM — Rip homotypic interaction motif;

SDD-AGE — semi-denaturing detergent agarose gel electrophoresis;
SDS-PAGE — polyacrylamid gel electrophoresis with SDS;
SEMG1 — semenogelin 1;

ThT — thioflavin T;

TTR — transthyretin;

v/v — volume per volume;

V1 u V2 — fluorescent protein fragments derived from Venus;
w/v — weight/volume;

WT — wild type;

aSyn — a-synuclein;

B2M — B2-microglobulin;



168

INTRODUCTION

The relevance of the topic. Amyloids are protein aggregates with a cross-3
structure that may have a number of unusual properties, such as resistance to detergents,
proteases, and interaction with amyloid-specific dyes (see reviews [1-4]). Numerous
studies on amyloids are especially relevant today due to the increasing incidence of
diseases they cause, such as Alzheimer's, Parkinson's and Huntington's diseases, type 2
diabetes, etc. The discovery of amyloidogenic proteins capable of coaggregating with
each other demonstrated the presence of a new type of intermolecular interactions.
Available data suggest that such relationships play a role in the pathogenesis of human
amyloid diseases. Numerous examples of coaggregation of proteins associated with
various amyloidoses are now known, in particular: amyloid-f and a-synuclein [5],
amyloid- and amylin [6], Csg proteins and a-synuclein [7], amyloid-f and PrP [8,9].
To identify new examples of protein coaggregation with already known pathological
human amyloids, we performed an analysis using the ArchCandy algorithm [10], which
made it possible to identify such potential a-synuclein prone to aggregation protein
“partners”.

According to bioinformatic predictions made in our laboratory, we have
suggested that the NOSIAP protein is potentially amyloidogenic and can physically
interact with a-synuclein. Interest in it is due to the fact that, according to proteomic

studies, it can physically interact with a-synuclein (Figure 1).
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Figure 1. Fragment of a network of potentially amyloidogenic human proteins
physically interacting with a-synuclein. A network of proteins that can physically
interact with a-synuclein (aSyn) according to the BioGRID database. The color reflects
the ArchCandy Integrated Cumulative Score.
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NOSI1AP is thought to be involved in the development of schizophrenia and
several other psychiatric disorders [11]. Given the available data on the coexistence of
parkinsonism and schizophrenia [12], the possibility of coaggregation of NOS1AP and
a-synuclein, as well as the clinical significance of this interaction, can be assumed.

The extent of development of the topic. When studying the coaggregation of
amyloids, the already known proteins are mainly studied [13]. In the case of human
amyloid proteins, attention is often drawn to those examples that may be associated
with pathological processes leading to various diseases. Amyloidization of a-synuclein
can be triggered by itself or in the presence of other intrinsically disordered proteins
[14]. The conformational plasticity of a-synuclein allows it to interact with various
protein "partner”, such as the islet amyloid polypeptide (IAPP) [15], prion protein (PrP)
[16], AB peptide [5,17] and tau [18,19]. The literature describes a large number of genes
that may be associated with the development of schizophrenia [20,21]. One of them is
the NOS1AP gene encoding the nitric oxide synthase 1 adaptor protein (NOS1AP) [22—
24]. However, the properties of this protein to aggregate have not been studied. It is
worth noting that NOSIAP has been shown to influence tau aggregation and
neurodegeneration in mice, suggesting a role for NOS1AP in proteinopathies [25]. On
the other hand, there is a single mention that the NOS1AP protein can physically
interact with o-synuclein [26]. At the same time, targeted verifications of this
interaction were not carried out.

Purpose of the work: to study the possibilities of aggregation of the NOS1AP
protein and its fragments, as well as its ability to interact with a-synuclein in vivo and
in vitro.

The following objectives were formulated to achieve the goal:
1. To evaluate the ability of the NOS1AP protein and its fragments to form
aggregates in various model systems.
2. To study the interaction of NOS1AP protein and its fragments with a-synuclein in

Saccharomyces cerevisiae yeast cells and HEK293T human cell culture.

3. To evaluate the effect of the NOSIAP protein on a-synuclein aggregation

in vitro.
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Scientific novelty of the work. This work shows for the first time the ability of
the NOS1AP protein to form aggregates resistant to detergents when overproduced in
yeast and human cells. In the NOS1AP protein sequence, regions prone to aggregate are
mapped. The cytotoxic effect of NOS1AP overproduction in HEK293T cells was
demonstrated. The physical interaction of NOS1AP proteins and a-synuclein in yeast
and human cells has been shown for the first time. The NOS1AP(292-390) fragment
was found to accelerate the aggregation of a-synuclein in vitro.

Theoretical and practical significance of the work. The results obtained during
the dissertation research allow us to offer new details of the molecular mechanisms of
the development of diseases such as schizophrenia and Parkinson's disease. Based on
the data obtained, it is suggested that overproduction of the NOSTAP protein results in
its aggregation, which, on the one hand, leads to sequestration and inactivation of nitric
oxide synthase 1, and, on the other hand, to coaggregation with a-synuclein and
acceleration of its fibrillation.

Methodology and methods of research. In the course of the work, a number of
modern research methods were used, including molecular biology techniques of
working with nucleic acids and proteins, biochemical methods of analysis, fluorescence,
polarization and electron microscopy. Experiments were carried out on various model
systems such as bacteria, yeast and human cell cultures. As part of the dissertation
research, methods for the analysis of protein-protein interactions, such as bimolecular
fluorescence complementation and colocalization of proteins with fluorescent labels,
were applied. Bioinformatic algorithms were used. A method for monitoring the
aggregation kinetics of a-synuclein was also polished and applied.

Main points made for the defense. It has been shown that overproduction of
the NOS1AP protein and its fragments can lead to the formation of stable detergent-
resistant aggregates in Saccharomyces cerevisiae yeast cells and HEK293T human cell
culture. The NOS1AP protein, as well as its fragments, physically interact with and
coaggregate with a-synuclein in yeast and human cells. The addition of the

NOS1AP(292-390) fragment accelerates the aggregation of a-synuclein in vitro.
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The degree of validity and approbation of the results. The main results of the

thesis work were presented at 4 international conferences.

Dissertation materials are presented in publications:

1. Matiiv, A. B., Moskalenko, S. E., Sergeeva, O. S., Zhouravleva, G. A., &
Bondarev, S. A. NOS1AP Interacts with a-Synuclein and Aggregates in Yeast
and Mammalian Cells // International Journal of Molecular Sciences. 2022.
Vol. 23, no. 16. P. 9102.

2. MaruuB, A.b., Tpybumuna, H.II., Mareenko, A.I'., bapburtos, H0.A.,
Kypasnesa, I'.A., boumapeB, C.A. AMHIOHIHBIE W aMHJIOHIOTOJOOHBIC
arperaTbl: MHOTOOOpasue u kpusuc repmuna // buoxumus. 2020. T. 85, Ne. 9,
C. 1213-1239.

3. Maruus, A.b., TpyoOununa, H.II., MarBeenko, A.I'., bap6urtos, FO.A.,
XKypasnesa, ['.A., bounapes, C.A. Ctpykrypa u noiuMophu3M aMHUIOUTHBIX

U aMuiIonI0noa00HbIX arperatoB // buoxumus. 2022. T. 87, Ne. 5, C. 587—

602.

The scope and structure of the work. The dissertation work consists of an
introduction, a literature review, a materials and methods, results, a discussion,
conclusions and a list of references containing 373 references. The work is presented on

147 pages, contains 36 figures and 8 tables.
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1. LITERATURE REVIEW
1.1 History of amyloids

The term "amyloid" was introduced into the scientific literature by the German
botanist Matthias Schleiden. He used starch to study the chemical and anatomical
composition of the plant cell. This test, based on the reaction of blue staining of starch
in the presence of iodine and sulfuric acid, was originally described by Jean-Jacques
Colin and Henri-Francois Gaultier de Claubry in 1814. Schleiden used the term
"amyloid" (from the Latin word "amylum", starch) by analyzing plant samples with this
method [27].

The term "amyloid" in the medical literature was first used by the German
pathologist Rudolf Virchow. He used the term in 1854 to describe pathological deposits
in the nervous system that showed a positive color reaction with iodine and sulfuric
acid. This allowed Virchow to suggest that these structures are identical to starch [27].
Later, using a test using iodine and sulfuric acid, he showed amyloid deposits in other
tissues [28]. In the future, the study of amyloids continued with the use of histological
stains: Congo red and thioflavin [29].

With the help of X-ray diffraction in the 1930s. structural studies of amyloids
began. William Thomas Astbury and Sylvia Dickinson in 1935 described a
characteristic radiograph, later called "cross-B". Alan Cohen and Evan Calkins in 1959
with electron microscopy noted amyloid deposits with a fibrillar structure of ~7.5-14
nm in width and ~100-1600 nm in length in rabbit and human tissues [29].
Subsequently, it was demonstrated that, in aggregates, [B-strands are oriented
perpendicular to the fibril axis and form intermolecular B-layers. In one B-layer, the gap
between B-strands is 4.7-4.8 A. The protofibril contains at least two B-layers, and the
distance between them is about 10 A. In studies of electron or X-ray diffraction, such a
regular structure forms a characteristic pattern with two meridional and two equatorial

reflections (Figure 2) [30,31].
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Diffraction
pattern

Cross-B structure

Figure 2. Cross-f structure of amyloids. Distances between B-strands and -sheets in
amyloid aggregates with a cross-f structure and the corresponding scheme of the
diffraction pattern. Colors indicate different protein molecules alternating in the
composition of the fibril. PDB ID of the structure used in the preparation of the figure:
2BEG [30].

Subsequently, other special properties of amyloid aggregates were noted. For
example, some amyloids are less affected for proteolytic cleavage than the same protein
in its native form. In addition, they are very stable and insoluble in the presence of
detergents [32]. In the study of yeast amyloid aggregates, a number of methods have
been developed using various modifications of electrophoresis. Now they are
successfully used to analyze the resistance to detergents or proteases in aggregates of
various origins [33].

A large number of amyloids are capable to induce the aggregation of soluble
molecules of the same protein they are composed from. In dynamics, this process is
most often studied in vitro using purified protein and amyloid-specific dyes [34]. This
characteristic is inherent in infectious amyloids, or prions, of which PrP is an example
[35]. Identification of new amyloids in vivo can be carried out using the C-DAG
approach (curli-dependent amyloid generator), in which the aggregation of the studied

protein is assessed by the appearance of fibrils on the surface of bacterial cells [36].
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1.2 Amyloid diversity
1.2.1 Pathological amyloids

In clinical practice, the term "amyloid" often refers to a homogeneous
extracellular deposit that specifically stains with Congo red and exhibits an apple-green
fluorescence at birefringence in polarized light, and also has a characteristic fibrillar
ultrastructure [37]. At the same time, many authors do not distinguish between
extracellular and intracellular aggregates demonstrating amyloid properties. Moreover,
even inclusion bodies that stain with Congo red are often also called amyloids. Such
examples can be intranuclear aggregates in Huntington's disease and Lewy bodies in
Parkinson's disease [38].

Currently, there are about 50 different proteins and peptides that have been
discovered to form amyloids and amyloid-like aggregates, leading to human diseases,
including Alzheimer's, Huntington's and Parkinson's diseases, type 2 diabetes, and a
number of systemic and local amyloidoses [37,39]. Many of these diseases are fatal and
incurable, and the risk of developing them increases with age [40].

The development of pathologies during protein amyloidogenesis is connected
with aggregates accumulation in the form of extracellular plaques or intracellular
inclusions [31]. The presence of a large amount of amyloid material can destroy the
tissue structure and mechanically affect the functions of the affected organs [41]. At the
same time, there is an assumption that oligomers and non-fibrillar amyloid deposits may
be toxic [42].

Amyloidoses are a heterogeneous group of diseases in which abnormal deposition
of misfolded insoluble proteins in the extracellular space occurs, leading to organ
dysfunction [43]. It is possible to distinguish differences in the pathogenesis between
localized and systemic amyloidoses: in the first case, the amyloidogenic protein is
synthesized close to the site of deposition, in the second case, the protein is synthesized
in one or several organs, and then transported by blood plasma to the site of amyloid

fibrils formation [42]. Of particular note a large group of neurodegenerative diseases
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that can be distinguished, which are associated with the formation of amyloid and

amyloid-like aggregates.
1.2.1.1 Systemic amyloidoses

Amyloid fibrils can be formed from chains of immunoglobulins. Immunoglobulin
light chain amyloidosis (AL-amyloidosis) is the most common form of systemic
amyloidosis (about 70% of all cases) [44]. This disease is often seen in people with
monoclonal gammopathy, a class of diseases characterized by the proliferation of clones
of plasma cells and, as a result, the presence of monoclonal immunoglobulin light
chains (Ig-LC). Organ damage results in amyloid formation due to increased production
of Ig-LC [45]. Less 1s known about the rarer light and heavy chain amyloidosis (AHL
amyloidosis) and heavy chain amyloidosis (AH amyloidosis) [46], which are clinically
similar to AL amyloidosis.

The most common hereditary disease in this group is transthyretin amyloidosis,
which is caused by mutations that destabilize the transthyretin tetramer (TTR), which is
responsible for the transport of the hormone thyroxine and vitamin A [47]. This leads to
the deposition of TTR aggregates in the myocardium, nerves, and other tissues. This
disease also includes senile systemic amyloidosis, an acquired disorder caused by TTR
deposits, which manifests itself mainly in men over 60 years of age [47]. Another
common pathology is reactive amyloidosis (AA-amyloidosis), a disease associated with
persistent high concentrations of serum amyloid A (SAA) in plasma or specific tissues
during inflammatory processes. This leads to extracellular protein deposits with
subsequent damage mainly to the kidneys, spleen, liver, adrenal glands and lymph
nodes [48].

In patients with renal failure, or who are on dialysis, the presence of amyloid
deposits is due to increased levels of circulating B2 microglobulin (2M) in the blood
[49]. This pathology, also called dialysis amyloidosis, is caused by deposits of full-
length 2M of the predominantly wild-type. However, there is also an inherited form of
the disease resulting from mutations in the gene encoding f2M, which results in the

synthesis of an aggregation-prone protein [49].
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A large group of systemic amyloidoses are diseases associated with
apolipoprotein deposits. For example, apolipoprotein A-I (ApoAl)-associated
amyloidosis can present as either a non-hereditary form with deposits of wild-type
protein or as a hereditary form with deposits of protein variants with substitutions [50].
In rare cases, hereditary amyloidoses can be caused by aggregation of mutant forms of
gelsolin, fibrinogen a-chain (FGA), cystatin C (CST3) and lysozyme [37,39,42].
Aggregation and the presence of toxic deposits of misfolded AP, Ig-LC, TTR,
a-1-antitrypsin, albumin and ceruloplasmin in the placenta and bodily fluids are found
in pre-eclampsia, a pregnancy complication that is a frequent cause of maternal and fetal
death [51,52]. However, it is not known which protein plays a key role in the
development of this disease [52].

Familial British dementia is an autosomal dominant disease characterised by ABri
amyloid deposits [53], the main component of which is a peptide encoded by the BRI2
gene. A mutation in this gene results in the replacement of the stop codon with arginine
and consequent elongation of the protein [54]. Interestingly, another mutation in this
gene (a 10-nucleotide duplication before the stop codon) results in the amyloid peptide
ADan, whose accumulation and deposition is no longer associated with systemic

amyloidosis, but with local amyloidosis — familial Danish dementia [55,56].
1.2.1.2 Localized amyloidoses

This section will look at examples of local amyloidoses that do not involve the
central nervous system (CNS). The most common case is aortic amyloidosis caused by
aggregation of medine, a cleavage product of the glycoprotein lactadherin [57].

Localised amyloid and amyloid-like aggregates are also found in tumour tissues.
Thyroid medullary carcinoma is associated with transformation of parafollicular C-cells
and increased levels of calcitonin, a thyroid hormone, and the consequent formation of
amyloid deposits of this protein [58]. Non-functional amyloid-like oligomers of p53,
which is an oncosuppressor [59], spherical prolactin deposits [60] and odontogenic
ameloblast-associated protein (ODAM) deposits [37], are also identified in tumours.

Other hormones whose aggregation leads to pathology are islet amyloid polypeptide
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(IAPP) or amylin. The formation of insoluble amyloid fibrils of this protein is a feature
of Langerhans islets in most people with type 2 diabetes [61].

The likelihood of developing a number of local amyloidoses may be related to the
ageing process. An example of age-related disease is isolated atrial amyloidosis,
characterised by the presence of atrial natriuretic factor (ANF) amyloid fibrils [62].
Aging amyloidosis can result in aggregation of semenogelin 1 (SEMGI) in seminal
vesicular epithelial cells [63]. Corpuscles, whose components are heterodimers of
S100A8 and S100A9 (S100A8/A9) proteins, are found in the prostate gland in middle-
aged and elderly men [64].

Amyloid deposits of corneodesmosin (CDSN) [65], galectin-7 [66] and keratins
(CKS5, CK14) lead to skin diseases [67]. Mutations in the TGFBI gene encoding
keratoepithelin (TGFBI) have been associated with various forms of corneal dystrophy
[68]. Aggregation of lactoferrin, an iron-binding glycoprotein, leads to the same
pathology [69].

Insulin can form amyloid fibrils at the site of drug injection in diabetic patients,
causing injectable amyloidosis [70]. Injections of enfuvirtide, a synthetic peptide that

blocks HIV-1 fusion with the host cell, can have a similar effect [71].
1.2.1.3 Neurodegenerative diseases

Amyloidoses affecting the CNS have been studied most extensively. Peptide AP,
a fragment of the precursor protein B-amyloid (APP), was first identified as a major
component of amyloid deposits in patients with Alzheimer's disease. Although the
function of APP itself is not fully understood, its processing has been studied in detail:
both B- and y-secretases are responsible for it. Cutting by y-secretase is imprecise,
resulting in peptides 36-43 amino acids long, including amyloidogenic AB40, AB42 and
AB43 [61,72]. The most abundant fraction (~80-90%) is the AP40 variant and the
second most abundant is the AP42 variant (about 5-10% of all variants). ApB42 is the
most hydrophobic and more prone to aggregation [73]. However, the AP peptides
exhibit different toxicity. For example, the AB43 variant appears to be the most

cytotoxic, while AB40 shows less effect on cell viability [61]. Notably, AB40 and AB42
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are capable of forming polymorphic fibrils whose structure may determine the rate of
progression of Alzheimer's disease [74]. Amyloids, which form tau, a neuron-specific
protein, are also associated with this disease [75]. In the brains of Alzheimer's patients,
tau separates from the microtubules with which it is normally associated, loses its
ability to stabilise them and forms neurofibrillary tangles [76].

The a-synuclein protein forms intracellular amyloid aggregates found in Lewy
bodies in Parkinson's disease and dementia with Lewy bodies, in glial cytoplasmic
inclusions in patients with multiple systemic atrophy and in axonal spheroids in
neuroaxonal dystrophies [61,77]. Inclusions of a-synuclein are also detected in patients
with Alzheimer's disease [78]. More details about a-synuclein will be described in
section 1.3.

Huntington's disease is an inherited neurodegenerative disease caused by
mutations in the gene encoding the protein gentingtin (htt). These mutations lead to an
increase in the number of polyglutamine (PolyQ) repeats that cause protein aggregation
[79,80]. The length of PolyQ repeats is important for disease progression. Gentingtins
with 6-35 PolyQ repeats do not cause disease. However, htt with more than 36 PolyQ
repeats leads to the development of Huntington's disease [81,82].

The ability of amyloids to induce their own assembly, to be transmitted from cell
to cell or even from organism to organism, causing the spread of disease, is a
characteristic feature of prions. An important condition for their transmission is
fragmentation. In humans, they are associated with the accumulation of the prion
isoform (PrP%) of the cellular prion protein PrP® in the tissue. These diseases include
Creutzfeldt-Jakob disease, cura, fatal familial insomnia and Gerstmann-Straussler-
Scheinker syndrome (hereditary variant of Creutzfeldt-Jakob disease) [31,83].
Hereditary prion diseases are caused by mutations in the prion protein gene (PRNP). In
particular, more than 60 mutations are known to be associated with a variety of clinical
syndromes [84]. In animals, prion infections include scrapie in sheep, spongiform
encephalopathy in cattle, and chronic wasting disease in deer and elk [31].

Amyotrophic lateral sclerosis (ALS) is a progressive neurodegenerative disease.

More than 180 mutations in the gene encoding cytoplasmic superoxide dismutase
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(SOD1) are known [85], and account for about 20% of inherited cases of ALS [61]. The
toxicity of mutant forms of SODI in ALS has been attributed to inappropriate folding
and a tendency to aggregate. It is worth noting that the presence of cytoplasmic

aggregates of TDP-43 and FUS proteins has also been reported in some ALS cases [61].
1.2.2 Functional amyloids

The formation of amyloid aggregates was initially considered in connection with
pathological processes, but it was later discovered that amyloid fibrils can perform
various physiological functions in organisms from prokaryotes to mammals. For
example, in humans, functional amyloids have been suggested to be involved in a
variety of physiological processes, such as pigmentation, peptide hormone storage,

oocyte fertilization, antimicrobial action and more.
1.2.2.1 Amyloids in cell wall composition and cell adhesion processes

Some proteins, included in the cell wall or associated with it, are capable of
forming amyloid and amyloid-like aggregates. Such proteins contribute to the
maintenance of the structure and integrity of the cell wall or other cell membrane
structures, as well as participate in cell adhesion to each other or to a substrate.

The cell wall proteins of Saccharomyces cerevisiae yeast are capable of forming
amyloid and amyloid-like aggregates. One such protein is glucantransferase Bgl2. The
formation of amyloid fibrils has been shown for this protein in vitro [86]. Subsequently,
the cell adhesion proteins Flol and Mucl were also found to form fibrils. Amyloid
properties have been demonstrated for these proteins in the in vivo system. Proteome
screening allowed the detection of other proteins forming detergent-resistant aggregates
in the cell wall: Gasl, Gas3, Gas5, Tohl and Ygpl. Only three of them were analysed
in detail: Gasl, Tohl and Ygpl. The GASI gene encodes for beta-1,3-
glucanosyltransferase, whereas the functions of Toh1 and Ygpl proteins have not been
established. The Tohl protein is bound to the cell membrane via the GPI anchor and

presumably contributes to cell wall structure stabilization through fibril formation [2].
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Another example of functional amyloids localised in the cell wall is associated
with the formation of Streptomyces coelicolor aerial hyphae. The first eight proteins
that have been identified as part of these structures have been named chaplins and the
individual proteins have been designated ChpA-H [87]. Amyloid properties have been
shown for ChpD-H proteins in vivo, but these results were obtained on mixtures of
proteins from detergent-resistant fractions. The RdIA and RdIB proteins, which form an
additional protein layer on top of Chaplins, are also involved in the formation of
S. coelicolor aerial hyphae [87]. Despite the high sequence similarity of these two
proteins (>90%), only RdIB can form fibrils in vitro [87].

Amyloids are responsible for the hydrophobic properties of the surface of aerial
hyphae of fungi. Hydrophobin proteins (hydrophobins) are capable of performing a
similar function: among them EAS (in MNeurospora crassa) and SC3 (in
Schizophyllum commune), which are the best known examples of amyloids [2,88].
Other proteins from different fungal species (RodA, MPG1, NC2, DewA, Repl) have
the following properties: their involvement in the formation of fibrillar structures on the
cell surface, high resistance to detergents, and interaction with thioflavin T have been
shown [89-92]. Among eukaryotes, similar examples have also been found in
Candida albicans (Alsl, Als5, Eapl) [93,94].

A number of bacterial proteins have been discovered whose aggregation is
associated with biofilm formation and adhesion to the substrate. CsgA protein from
Escherichia coli, as well as its numerous orthologues, are the best known examples
[95]. These proteins are essential for the formation of fibrils called curli on the cell
surface and the formation of the extracellular matrix in bacterial biofilms [88,96]. A
similar function has been proposed for other proteins. The proteins TasA of
Bacillus subtilis, Bap of Staphylococcus aureus and FapC of Pseudomonas fluorescens
also form fibrils on the surface of bacteria. Amyloid properties have been shown for
them [88,96,97]. The MTP protein forms fibrillar aggregates on the surface of
Mycobacterium tuberculosis [98]. Inhibition of the fibrillation proteins P1, WapA and
SMU_63c of Streptococcus mutans bacteria inhibits biofilm formation [99]. Detergent-

resistant aggregates in Salmonella enteritidis cells form AgfA and AgfB proteins
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[100,101]. It has also been suggested that the Sbp protein of
Staphylococcus epidermidis is also amyloid, as it forms fibrils that stain with amyloid-

specific dyes [102].
1.2.2.2 Amyloids in natural fibers

In 1968, a study of lacewing silk of the genus Chrysopa using X-ray diffraction
showed that the distance between B-strands along the fibril axis is ~ 4.7 A [31], which is
a property characteristic of cross-f structure. Fibroin secreted by the mulberry silkworm
Bombyx mori forms amyloid-like fibrils under in vitro conditions with an unusual
structure in which the B-strands are parallel to the fibril axis [103]. Spider silks or
spideroins are natural polymers that are characterised by exceptional strength and
elasticity. A transition from a conformation based on a-helices and disordered regions to
a [-sheet-enriched structure has been observed for them, which is similar to the
formation of amyloid fibrils. Spidroin fibrils were detected by electron microscopy in
Nephila edulis [2]. The minispidroin eADF-4(C16), based on recurrent ADF-4 regions
of Araneus diadematus, forms fibrils with a cross-p structure [2] and is able to trigger
amyloid-like fibril formation under in vitro conditions [104]. It is worth adding that one
of the latex proteins from Hevea brasiliensis, REF (Hevbl), forms aggregates with

amyloid-like properties under physiological conditions in vitro [105,106].
1.2.2.3. Amyloids in signaling processes

Intracellular signal transmission is based on conformational changes in proteins.
Amyloid formation is also a change of conformation. A clear example of functional
amyloids involved in signal transduction is the human protein pair RIPK1 and RIPK3,
whose co-aggregation (coaggregation) is required to trigger necroptosis [107,108].
Many amyloid properties have been shown for these proteins in vitro and in vivo. RHIM
(from Rip homotypic interaction motif) sequences are located at sites required for
aggregation and implementation of the signaling cascade [107].

Similar motifs have been found in other proteins in various organisms [109],

including the well-studied amyloid HET-s of Podospora anserina. Infective aggregates
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of this protein give rise to prion [Het-s]. This cytoplasmic factor is necessary to trigger
the incompatibility reaction of heterokaryons. The fusion of hyphae from different
organisms, one of which carries this prion and the other does not, leads to programmed
cell death. This process is triggered by the interaction of HET-s amyloid aggregates
with the HET-S monomeric protein (products of different alleles of the same gene) that
ended up in the same heterokaryon after cell fusion [110]. Subsequent aggregation of
HET-S leads to a change in its conformation, enabling it to be incorporated into the cell
membrane, compromising its integrity [111].

A further search for RHIM among other P. anserina proteins revealed another
participant in this signalling cascade, the NWD2 protein. This protein is capable of
triggering HET-s aggregation, which subsequently leads to cell death [112]. HELLP,
SBP and PNT1 proteins of the fungus Chaetomium globosum, also carry RHIM and are
possibly functional analogues of the HET-s, HET-S, and NWD?2 system [113].

Cryptic RHIMs (cRHIM) were found in the Drosophila melanogaster proteins
PGRP-LC, PGRP-LE and Imd, which are involved in triggering the antimicrobial
response. According to the proposed model, aggregation of these proteins is a key event
in signal transduction [114]. Since RHIMs have been found among various proteins
related to signalling processes [115], we can expect to describe new functional
amyloids.

Cell recognition of viral RNA initiates a signal transduction cascade that leads to
the initiation of an antiviral response. The MAVS protein is one of the recently
discovered participants in such signalling. This protein performs its function in an
aggregated form. MAVS comprises a C-terminal transmembrane domain, through
which it binds to the mitochondrial membrane, an N-terminal caspase-recruiting CARD
domain exposed inside the cytosol, and an intermediate site that recruits downstream
signalling molecules. The CARD domain interacts with the same site of the RIG-1 and
MDAS receptor proteins that recognize foreign RNA, triggering a cascade of antiviral
response. In doing so, MAVS forms complexes that initiate aggregation of other MAVS

molecules [116].
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MAVS aggregates exhibit a number of properties characteristic of amyloids but
have a special structure, so they do not interact with Congo red and thioflavin T dyes.
MAVS proteins do not undergo conformational transitions of a-helices into B-sheets
when they are aggregated (Figure 3). Two models of aggregates of this protein were
proposed based on cryo-electron microscopy data. In both cases, MAVS filaments

consist of individual protein subunits stacked on top of each other to form a central pore

[116].

Figure 3. Model of the MAVS aggregate. The red line indicates the conditional axis of
the fibril. Colours indicate alternating protein molecules. Identifier of the structure used
in the preparation of the figure in the PDB database ID: 3J6C [30].

1.2.2.4 Toxins and antimicrobial peptides

Antimicrobial peptides (AMPs) are protective peptides found in many organisms
that are part of innate immunity. Most AMPs are cationic and amphiphilic a-helical
protein molecules. Their principle is to bind to the negatively charged bacterial
membrane and disrupt its integrity [117]. Amyloid properties have been reported for
some AMPs, which are presumably important for their function.

LL-37 was the first discovered human antimicrobial cationic peptide [118].
During bacterial invasion, proteases cut the precursor of hCAP-18, resulting in the

peptide. LL-37 forms fibrous aggregates in vitro that stain Congo red and are
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characterised by an apple-green birefringence in polarized light [118]. Fibrils formed by
the short LL-37 fragment do not bind thioflavin T and have a structure uncharacteristic
of amyloid: they consist of tightly packed amphipathic a-helices [119]. It has been
shown that LL-37 protein aggregation can be directly related to its cytotoxicity [118].

The dermaseptins Drs S9 and aDrs PD-3-7 have been isolated from frog skin.
They form PB-layer-enriched fibrils for which several amyloid properties have been
shown [120-122], but, as for many AMPs, no in vivo confirmation for them. In the skin
of the frog Xenopus laevis, magainins have been found to have antimicrobial [123,124]
and antitumour effects [125,126], and also to demonstrate amyloid properties. An
antimicrobial mechanism with toroidal pore formation was first proposed for them.
Magainins bind to the membrane and, reaching a threshold concentration, cause it to
deform and destabilise. The peptides are then incorporated into the membrane, forming
a toroidal pore [127]. Protegrin-1 (PG-1), a human AMP, forms fibrils in vitro that are
specifically stained with thioflavin T. Protegrins are in an insoluble state in neutrophil
and macrophage granules. When the pathogen enters the cell, the granules fuse with the
vacuole, resulting in the release of peptides that form channels in the pathogen
membrane, leading to its death [128]. Known protegrins with amyloid properties also
include PG-4, isolated from porcine leukocytes. It has been shown to form fibrillar
aggregates under in vitro conditions, which stain with Congo red and thioflavin T. PG-4
monomers and aggregates exhibit antimicrobial activity against B. subtilis [129].
Microcin E492 is a known pore-forming Dbacterial toxin produced by
Klebsiella pneumoniae RYC492. 1t has been shown to be capable of forming B-layer-
rich amyloid-like fibrils in vivo and in vitro [130]. Another example of a bacterial toxin
i1s the PSMa3 protein of S. aureus, which forms cross-a-structured fibrils that bind
thioflavin T. There is evidence that the fibrils are toxic to human cells [131].

Human small intestine Paneth cells produce a-defensin 6 (HD6), which provides
protection against infection by intestinal pathogens [132]. By binding to bacterial
surface proteins, HD6 undergoes orderly self-assembly to form fibrils and nanogrids

that surround and entangle pathogens. This creates an obstacle to physical contact
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between bacteria and epithelial cells, which is necessary for attachment or invasion
[132].

Amyloid-like AMPs have also been found in plants. Cn-AMP2, isolated from the
liquid endosperm of the coconut Cocos nucifera, forms visible aggregates in aqueous
buffer that bind Congo red, thioflavin T, and have a fibrillar morphology. However,
there is currently no direct evidence that Cn-AMP2 has an antibacterial effect solely in
its aggregated form [133].

It is worth noting that the proteins associated with human amyloidoses may also
behave as toxins. For example, AP exhibits antimicrobial properties that target
pathogenic bacteria and fungi in vitro and in model systems: in the nematode
Caenorhabditis elegans and mouse [134,135]. Antimicrobial properties have been
demonstrated for other amyloidogenic proteins, such as lysozyme. Its antimicrobial
activity leads to permeabilisation of the pathogen cell membrane, presumably through

pore formation [136].
1.2.2.5 Amyloids in memory processes

The presence of amyloids in the central nervous system has long been associated
exclusively with pathologies. However, much has changed with the discovery of
functional amyloids in the mollusk Aplysia californica CPEB protein and its
homologues, D. melanogaster Orb2 and mouse CPEB3. CPEB proteins are RNA-
binding, and they bind RNA better in the oligomerized state [137]. CPEB
oligomerization in the brains of the animals studied occurs in response to neuronal
stimulation [138,139]. If CPEB proteins do not form aggregates, this negatively affects
long-term memory maintenance in 4. californica and D. melanogaster [137,138]. These
data suggest that CPEB proteins are functional precisely in the aggregated state.
Researchers also refer to these proteins as functional prions [139], which is probably
without sufficient justification since the in vivo infectivity of CPEB of A. californica
and mouse CPEB3 has only been demonstrated in the yeast system [139,140]. Until
recently, there was no direct evidence that this group of proteins forms amyloid

aggregates directly in living organisms without artificial overproduction. However, the
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amyloid nature has recently been proven for Orb2 fibrils isolated from Drosophila
heads. Using cryo-electron microscopy, the structure of amyloid fibrils was
reconstructed in high resolution ex vivo [141]. Orb2 fibrils exhibit a three-beam
symmetry similar to that of AB40 [141]. Thus, it is clear that amyloid structure alone
may not be the cause of CNS pathologies, and an in-depth study of the factors affecting
amyloidogenesis of a particular protein is required to understand the real causes of
neurodegenerative amyloidosis.

CPEB/Orb2 does not represent the only example of amyloids associated with
memory processes. The FXRI1 protein, which is involved in the development of long-
term memory, has been shown to be present in the rat brain as part of amyloid
aggregates. Moreover, it could hardly be detected in the monomeric state. The detected
aggregates exhibited amyloid properties. FXR1 is an RNA-binding protein for which it
has been shown to be able to bind mRNA in amyloid form, protecting it from the action
of RNase [142]. It probably thus affects the translation of certain mRNAs and, as a
consequence, differential expression in neurons. Given that FXR1 is found exclusively
as part of detergent-resistant aggregates in the rat brain, and that FXR1 is important for
the regulation of memory and emotion, it can be assumed that FXR1 is also a functional
amyloid. The amyloidogenic fragment of FXR1 is highly conserved in mammals [142],
which allows us to extrapolate our results to orthologues of this protein in other
organisms.

elihood, amyloids are involved in memory processes not only in the nervous
system in animals. Alternative amyloid conformation may carry certain information,
which somehow can be "deciphered" on the cellular level, so the use of such aggregates
for long-term information storage may be a universal mechanism, which may have been
repeatedly and independently realized in evolution. An example of such a cellular
memory mechanism may be the existence of so-called "mnemons". They are aggregates
of Whi3 protein in yeast that appear in response to failed fusion of cells of opposite
mating types and remain in yeast cells for a lifetime as a memory of the past event
[143]. Unlike prions, mnemons are not transferred to daughter cells during cell division.

However, it is possible that the known prions of lower eukaryotes may also be units of
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inheritance of such "memory", which, however, already carry information beyond the

life of a single cell for many cell generations.
1.2.2.6 Amyloids related to reproduction

Amyloids have also been found in structures associated with sexual reproduction,
such as the sperm acrosome. These fibrils are thought to contribute to the controlled
release of proteins during the acrosome reaction, a key event in oocyte fertilization in
which the contents of the acrosome are poured out. Amyloids formed by CRES
(Cystatin-related epididymal spermatogenic) subgroup proteins such as CRES, CRES2,
CRES3 and cystatin E2 (mCST E2) are present in the mouse epididymis [144-146]. In
humans, cystatin C (CST3) aggregates have been found in the same organ [146,147].
The role of amyloid aggregates of CRES proteins is not fully understood, but it is
suggested that they are functionally important. For example, they have antimicrobial
activity, are necessary for the acrosome response, the normal functioning of the
lysosomes in the epididymis, and play a role in sperm maturation. Seminal fluid
contains amyloids and amyloid-like fibrils formed by fragments of prostatic acid
phosphatase (PAP) peptide (PAP) [148] and semenogelin proteins (SEMGI and
SEMG?2) [149,150]. Such fibrils, which were originally identified as enhancers of viral
infection, bind to damaged spermatozoa and immobilise them for destruction by
immune cells. Amyloids formed by the SEMG1 protein have also been found in some
pathologies.

Balbiani bodies, amyloid-like organelles consisting of mitochondria, endoplasmic
reticulum and RNA, are found in oocytes of many vertebrates. Xvelo proteins form the
fibrillar networks that make up the matrix of this compartment in X. /aevis. Such fibrils
bind thioflavin T and are resistant to treatment with detergents [151]. Amyloid
properties have also been shown for proteins involved in oocyte membrane formation in
insects, fish and mammals. The results of X-ray scattering experiments suggest that
amyloid  structures are present in the chorion of the butterfly
Antheraea polyphemus [152]. It is worth noting that much of the amyloid properties

have been demonstrated for individual peptides of these proteins corresponding to the
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tandem repeat region (cA-peptides) [153,154]. In the chorion of bony fish, proteins of
the ZPB group are present, whose individual peptides also tend to form amyloid
aggregates [155]. Amyloid properties have also been shown for proteins in the glossy
membrane (zona pellucida) of the mammalian oocyte. Proteins comprising this shell in
mice exhibit characteristic aggregate morphology in vivo, as well as the X-ray
diffraction pattern typical of a cross-f structure, and are able to bind amyloid-specific
dyes [156]. Similar properties have been shown for aggregates of peptide fragments of
human ZP1- ZP4 proteins in vitro [157]. The formation of amyloid fibrils in the shells
of oocytes and embryos in various animals is thought to contribute to protection against
elevated temperature, mechanical pressure and other external influences. Structural
components of chicken oocytes and D. melanogaster egg shells have also been
described in the literature D. melanogaster that stain with amyloid-specific dyes [158].
Amyloid-like proteins can act as cell cycle regulators and influence yeast sexual
reproduction. For example, the detergent-resistant aggregates during the G1 phase of
meiosis are formed by Rim4 protein in S. cerevisiae. This results in repression of Clb3
cyclin translation and subsequent initiation of division. Disassembly of Rim4 aggregates

1s triggered by phosphorylation of this protein [159].
1.2.2.7 Hormones and amyloids

The detection of protein fibrils in melanosomes formed by the PMell7 protein
allowed the hormones to be linked to functional mammalian amyloids. It has become
known that PMell7 in amyloid form is involved in melanin synthesis [160]. Proteolytic
cleavage of this protein produces an Mo fragment for which amyloid properties have
been shown. Furthermore, its conversion to the amyloid form is several orders of
magnitude faster than that of AP or a-synuclein [160—-162]. It is still unknown which
domains of PMell7 are directly involved in the formation of amyloid fibrils in the cell
[161-163]. It can be assumed that different proteolysis products of PMell7 undergo the
process of amyloidogenesis at different stages of melanosome formation. The fibrils

present in the cell are thus complex coaggregates of different PMell7 fragments [164].
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The formation of complex aggregates of PMell7 amyloid fibrils appears to maximize
the efficiency of melanin synthesis.

Peptide hormones themselves can also form amyloid aggregates, which are
thought to be stored in this form in secretory granules. In studies of peptide hormones
in vitro, 10 showed spontaneous formation of amyloid fibrils, and 31 hormones led to
fibril formation in the presence of heparin glycosaminoglycan [165].

An important property of the amyloids of some hormones is their ability to
release monomers under conditions corresponding to the release of peptides from
secretory granules. In addition, amyloids of only seven hormones have a toxic effect on
cells [165]. These observations suggest that amyloids of some hormones may indeed
have a hoarding function in the cell. Glucagon amyloid toxicity was found to be twice
as strong as AP40 [165], supporting the evidence that glucagon amyloids can be
pathological [166]. Another hormone, prolactin, is found as part of the amyloid in
patients with adenoma [167]. The protein semenogelin, aggregates of which are found
both in amyloidosis and in normal spermatozoa, has been considered previously. Thus,
it is possible that the amyloids of some other proteins found in various pathologies may

in fact also be functional amyloids.
1.2.3 Amyloids with an undefined biological role

There is currently no consensus on the role of yeast prions, as there are opinions
both for and against their possible functionality [168,169]. Proteins in non-membrane
organelles are also capable of forming amyloid aggregates, but it is not always clear
whether this feature is necessary for the functioning of these proteins. For example,
many proteins in non-membrane organelles may be associated with pathological
conditions such as ALS and some types of dementia. There are reports of aggregation of
some enzymes and porins, but the functional significance of this phenomenon is not

clear.
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1.2.3.1 Membraneless organelles and protein aggregates

Non-membrane organelles are dynamic structures in the cell nucleus or cytoplasm
that are formed by a collection of a large number of interacting biological molecules
that perform a specific set of functions. A large number of such compartments with a
variety of cellular functions have been described [170]. Examples of nuclear non-
membrane organelles include the nucleus, Cathal's corpuscles, nuclear speckles and
histone locus corpuscles. These organelles play an important role in the processes of
transcription, maturation of various types of RNA, and ribosome biogenesis [171].
Cytoplasmic non-membrane organelles are associated with phenomena such as the
processing, storage and degradation of proteins and mRNA. Examples of such
organelles include P-bodies and stress granules [170], as well as the recently discovered
A-bodies [172].

Many non-membrane organelles are formed as a result of liquid-liquid phase
separation and therefore have liquid properties. This phase separation occurs during the
interaction of protein molecules and leads to the formation of 'liquid drop' structures.
Proteins of non-membrane organelles interacting with RNA include RNA recognition
motifs. Intrinsically disordered sites play an important role in the formation of non-
membrane organelles, which determine the ability of these proteins to engage in a
variety of intermolecular interactions leading to phase transitions [173—178]. Such
fragments often have a specific amino acid composition with low diversity and are
called LC-domains. The amino acid composition of sites contributing to phase
separation is usually characteristic of prion domains. Therefore, such sites are denoted
as prion-like [170].

It is believed that usually non-membrane organelles do not contain aggregates
with an amyloid structure in the first stages of formation. Later in the maturation
process of these organelles, labile amyloid-like aggregates appear first, followed by
stable amyloid fibrils [179-181]. It is worth noting that in ALS and frontotemporal
dementia, the formation of amyloid fibrils of components of non-membrane organelles

is observed. Whether the formation of amyloid fibrils is a necessary or incidental
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property of the proteins in question is still relevant. In addition, aggregates formed by
non-membrane organelles differ from typical amyloid fibrils (in particular, aggregates
of several such proteins are sensitive to high temperature and detergents [182,183]).

The RNA-binding protein FUS, whose mutant forms are associated with ALS, is
involved in P-body formation and is also capable of aggregating and actively interacting
with aggregates of other proteins [184]. Its LC-domain is responsible for the formation
of FUS aggregates. This fragment (and some parts of it) is designated RAC (from
Reversible Amyloid Core). It has been shown to form amyloid aggregates with a
fibrillar structure in vitro and interacts with amyloid-binding dyes [185,186].

The nuclear ribonucleoproteins hnRNPA1 and hnRNPA2BI1 are involved in
heteronuclear RNA processing and regulation of gene expression [187]. Mutant forms
of these proteins, as well as the wild type, fibrillate in vitro. In addition, mutations in the
prion-like domains associated with ALS accelerate the aggregation of hnRNPA1 and
hnRNPA2B1 proteins [188].

Aggregates of the RNA-binding protein TDP-43 have been found in brain
samples from patients with ALS and frontotemporal lobar degeneration (FTLD). This
protein does not form long amyloid fibrils, forming only small oligomers that can
induce aggregation of other amyloidogenic proteins such as AP [189]. When stressed,
TDP-43 is found as part of stress granules. It is worth noting that TDP-43 is
oligomerised by the interaction of monomers through their N-terminal sites. This

process is required for the biological function of TDP-43 [189].
1.2.3.2 Aggregation-prone porins and enzymes

Porins can form amyloid and amyloid-like aggregates. Such prokaryotic porins
are RopA, RopB, OmpA and OmpC proteins [190-193]. In eukaryotes, an example is
the MSP2 protein [88]. At this point, it is difficult to say how common the process of
porin aggregation is and what effect it leads to. The results of bioinformatics studies
suggest that the sequences of proteins forming the inner part of the pore can lead to the

formation of amyloid structures [194].
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There are reports of aggregation of enzymes such as protease YghJ [195] and
transglutaminase TGZ [196]. CarD, HelD and RepA proteins are also capable of
aggregation [197-202].

Thus, it can be said that amyloids and amyloid-like proteins are found in a wide
variety of organisms, and their range of functions is quite extensive. On the other hand,
amyloids are still responsible for a large number of animal and human diseases. It can
therefore be concluded that the study of both already known amyloids and the search for
new proteins prone to aggregation are important tasks in modern biology and medicine.

Materials on amyloid diversity were published in the review article "Amyloid and
amyloid-like aggregates: diversity and the term crisis" with Trubitsina N.P., Barbitov

Y.A., Matveenko A.G., Zhuravleva G.A. and Bondarev S.A.
1.3 a-Synuclein

Sinucleins are small and soluble proteins present mainly in nervous tissue and in
some tumours. Unlike many other proteins, they are found only in vertebrates [203].
Three members of the synuclein family have been identified to date: a-, B- and
y-synuclein [203,204]. Interest in these proteins has increased following the discovery
of a link (both genetic and neuropathological) between a-synuclein and Parkinson's
disease [205].

a-Synuclein is a highly soluble protein consisting of 140 amino acid residues and
has an unfolded native conformation [206,207]. Three domains are distinguished within
this protein: an N-terminal region (residues 1-60) that weakly binds to the cell
membrane, a hydrophobic region (residues 61-95) and a C-terminal hydrophilic proline-
rich region (residues 96-140) [207,208]. The NAC (non-amyloid component) domain at
positions 61-95 which has been identified in amyloid plaques in brains with Alzheimer's
disease is highlighted in the a-synuclein structure [209]. NAC is involved in
aggregation and formation of cross-f structures. a-Synuclein is widely distributed in the

brain and localized in presynaptic terminals [207,208].



193

1.3.1 Functions of a-synuclein

a-Synuclein is known to be a protein that is synthesized in the cell under
physiological conditions, but all functions of this protein are not fully understood. The
most important known functions are reduction of apoptosis in dopaminergic neurons
[210], prevention of oxidation of unsaturated fatty acids [211], regulation of synaptic
vesicle transport at presynaptic terminals [212], involvement in SNARE complex

formation [213] and clathrin-dependent endocytosis [214].
1.3.2 a-Synuclein aggregation

Despite numerous studies, the structure of o-synuclein under physiological
conditions remains unclear. a-Synuclein is thought to occur predominantly in the
cytosol as a disordered monomer [215]. It has been shown that various conditions, such
as acidity of the medium, can lead to in vitro misfolding and aggregation of a-synuclein
[216], temperature increase [217], 'molecular crowding' [218], presence of metal ions
(such as aluminium, copper, iron, cobalt and manganese [219]), organic solvents [220],
pesticides [221] and a-synuclein-binding proteins [222,223]. In addition, the
neurotoxicity and aggregation tendency of a-synuclein can be affected by post-
translational modifications. Such modifications include phosphorylation [224,225],
ubiquitination [226], nitration [227], sumoylation [228], proteolysis [229] and
N-terminal acetylation [230]. Among the a-synuclein aggregates found in Lewy bodies,
approximately 90% are phosphorylated at serine residue 129 (Figure 4), so
hyperphosphorylation of S129 a-synuclein is considered a pathological feature of
Parkinson's disease and other synucleinopathies [231]. However, it is unclear whether
phosphorylation of a-synuclein stimulates or inhibits its aggregation and whether it
contributes to its neurotoxicity [232].

Missense mutations resulting in amino acid substitutions at the N-terminus
(AS3E, A53T, A30P, E46K, H50Q and G51D) (Figure 4), correlate with autosomal
dominant forms of Parkinson's disease, whereas duplication and triplication of the

SNCA gene have been shown to cause parkinsonism with early onset [233]. Variants of
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a-synuclein with substitutions differ only in a few amino acid residues, but this leads to

significant changes in their conformation and the type of aggregates formed [234].

Amphipathic Hydrophobic Acidic
domain domain domain

60 95 140

A30P E46K | | AS3E S87 S129 Y136
AS53T
Y133
G51D Phosphorylation sites

SNCA missense mutations
associated with autosomal dominant
familial Parkinson disease

NN /—vg—\mo

AN

Figure 4. Structure of a-synuclein. A schematic representation of the structure of
a-synuclein is presented. The protein sequence of 140 amino acid residues can be
divided into three distinct domains. The N-terminal amphipathic domain (blue) contains
amino acid substitutions (A30P, E46K, H50Q, G51D, A53T, A53E) caused by major
mutations in the SNCA gene associated with autosomal dominant Parkinson's disease.
N-terminal domain to helix formation and is responsible for binding to the membrane.
The hydrophobic domain corresponding to the non-B-amyloid component of the plaques
(NAC) 1s responsible for a-synuclein aggregation (yellow). The C-terminal domain
(red) forms an acidic 'tail' containing the main S129 phosphorylation site. The
C-terminal domain modulates a-synuclein aggregation. Adapted from [235].

Oligomeric aggregates can be divided into active (on-pathway) and inactive (off-
pathway), depending on whether they lead to the formation of mature amyloid fibrils or
form amorphous, non-fibrillar entities [236] (Figure 5). In addition, it is unclear whether
low-molecular-weight a-synuclein oligomers are more toxic than mature fibrils. For
example, severe damage to dopaminergic substantia nigra neurons is known to occur in
transgenic animals producing a-synuclein variants that form ring/shaped oligomers
(e.g. E57K and E35K), whereas protein variants that rapidly form fibrils were relatively
less toxic [237]. It can be suggested that fibril-forming variants can be actively recruited
to Lewy bodies into aggressome-like structures, which prevents their interaction with

other cytoplasmic proteins and harmful effects on the cell [238,239]. It is also worth



195

noting that elevated levels of a-synuclein oligomers have been found in the brain and

cerebrospinal fluid of patients with synucleinopathies compared to healthy individuals

[240].
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On-pathway
oligomers Amyloid
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Figure 5. Scheme of the formation of on-pathway and off-pathway a-synuclein
oligomers. Based on [236].

Results from experiments in animal models and cell cultures, including neuronal
cultures, indicate a pathogenic role for a-synuclein aggregation, which leads to
disruption of synaptic transmission, mitochondrial function, endoplasmic reticulum
stress, defective autophagy, neuroinflammation and oxidative stress [241,242]. It has
also been suggested that a-synuclein aggregation at presynaptic endings affects the
assembly of SNARE complexes, thus reducing the efficiency of dopamine release
[243]. Moreover, some synaptic proteins and neurotransmitter receptors (e.g. NMDA
receptors) have been identified as putative interaction partners of a-synuclein [244],
suggesting the involvement of a-synuclein in various diseases associated with
neurotransmission disorders. For example, we have shown that a-synuclein
coaggregates with the NOSTAP protein mediated interaction with NMDA receptors
[245].
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1.3.3 Prion-like properties of a-synuclein

Prions are infectious agents in which the PrP* protein with an altered
conformation recruits and transforms its normal PrP¢ counterpart, thus creating self-
propagating protein particles with irregular stacking that can be transmitted from cell to
cell [35,246]. In recent years, it has been suggested that several amyloid proteins appear
to have a similar prion-like spreading mechanism, among them a-synuclein [247,248],
B-amyloid [249], tau [250] and huntingtin [251].

Consistent with Braak's hypothesis, the neuropathological stage of Parkinson's
disease follows a strictly stereotyped and spatiotemporal progression of the Levy
pathology, suggesting the spread of misfolded a-synuclein through wvulnerable
neuroanatomically linked pathways [252]. Initial evidence supporting the prion-like
spread of a-synuclein came from the observation of a-synuclein aggregation in
transplanted embryonic mesencephalic neuronal progenitors several years after
transplantation and suggested host-to-graft transmission of Levy pathology [253,254].
Since then, accumulated data have shown that small aggregates (seeds) of a-synuclein
derived from recombinant protein or lysates obtained from diseased brain can spread in
a prion-like manner in neuronal cells and in rodents [247,248,255].

Some studies show that a-synuclein can be transferred from cell to cell. The
protein, via vesicles, can be transported out of the cell by exocytosis followed by release
[256]. There are also some studies claiming that a-synuclein can spread between cells

like prions [257,258].
1.4 Bioinformatics search for potentially amyloidogenic proteins

It has been noted in the literature that specific sequences in amyloid proteins,
called 'hot spots', may act as seeds for amyloidogenesis [42,259,260]. Identification of
these regions may help to understand the biological function of these proteins.
Similarly, studying the effects of point mutations on amyloidogenic proteins or peptides

is of biological interest [259]. Given the crucial role of amyloid proteins in many
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diseases, the proper identification and prediction of amyloid proteins, their hot spots and
the effects of mutations on their amyloidogenicity are very important.

Identifying proteins capable of forming amyloids using biological and
biochemical methods is time consuming and expensive [261]. Bioinformatic approaches
can be used to simplify the search for new amyloids. However, computational
prediction of amyloidogenic proteins and their specific 'hot spots' responsible for
aggregation as well as the effect of point mutations on amyloidogenicity is challenging
because the proteins that form amyloids are little similar in sequence and structure.

A variety of methods have been described in the literature for the identification of
amyloidogenic proteins. In general terms, they can be divided into two groups based on
the analysis of structural data, or protein sequences. Methods in the first group, such as
Aggrescan 3D [262] and AggScore [263] use tertiary 3D protein structure for
prediction. However, they have the disadvantage that the tertiary structure of the protein
needs to be available and obtaining it is time-consuming and costly. Predicting the
amylidogenicity of proteins using structure can be a bottle neck in large-scale selection
of amyloid protein candidates. Consequently, methods based on protein sequence are
more widely used.

AGGRESCAN [264,265] and FoldAmyloid [266] algorithms predict
amyloidogenicity by relying on the aggregation propensity of individual residues in the
polypeptide chain. Zyggregator and TANGO use the propensity to aggregate individual
amino acid residues in their analysis to predict amyloidogenic proteins. Waltz uses
information from position specific scoring matrices (PSSM), amino acid
physicochemical properties and structures from the FoldX software to evaluate
hexapeptides based on their amyloidogenicity [267,268]. APPNN is a neural network-
based amyloid predictor that uses biochemical and physicochemical properties of amino
acids [269].

ArchCandy takes into account the geometry of the fibril formation [10]. The core
of an amyloid fibril forms a B-arcade, a large number of stacked B-arcs, which are
stabilised by hydrogen bonds and formed by two B-chains communicating by means of

a loop. ArchCandy determines the probability of such motifs by taking into account the
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amino acid sequence. In amyloid aggregates, B-archs can form either single B-arch
structures or serpentines — B-structures with several adjacent B-archs. A development to
reconstruct possible P-serpentines from single B-arcs predicted by ArchCandy has

resulted in the BetaSerpentine tool [270].
1.5 Nitric oxide synthase 1 adaptor protein (NOS1AP)
1.5.1 Synthesis of nitric oxide and its role in the pathophysiology of mental illness

A bioinformatics analysis was carried out in our laboratory using ArchCandy
software, which predicted that the NOS1AP protein (also known as CAPON) could be a
potential amyloid interacting with a-synuclein. The nitric oxide synthase adaptor protein
1 (NOS1AP) is cytosolic. It binds neuronal nitric oxide synthase 1 (nNOS/NOS-I), and
1s thus involved in the regulation of nitric oxide (NO) formation. NO is a gaseous
chemical messenger that has several functions in the human body [271]. In the central
nervous system, NO is thought to be involved in neurotransmission, e.g. by regulating
neurotransmitter biosynthesis and acting as a retrograde messenger at glutamatergic
synapses to facilitate long-term potentiation [272,273].

NO is synthesised from L-arginine by NO synthase (NOS). There are three main
forms of this enzyme: neuronal NOS (nNOS/NOS-I), inducible NOS (iNOS/NOS-II)
and endothelial NOS (eNOS/NOS-III). These are encoded by the NOSI, NOS2 and
NOS3 genes, respectively [274,275]. nNOS has been shown to interact with the adaptor
protein NOS1AP (encoded by the NOS1AP gene) [276,277], which binds nNOS to
other effectors such as Dexrasl and synapsin [278]. The production and activity of
different forms of NOS is considered highly specific depending on cell type, and it is
additionally influenced by environmental conditions, which helps to explain the wide
range of NO functions [279,280]. Due to the short half-life of NO in vivo, indicators of
NOS activity consider its more stable metabolites, such as nitrite (NO,-) and nitrate
(NOs-), which are often grouped as NO metabolites (NO,-) [281].

In recent years, NO signalling has been studied in terms of its role in the

pathophysiology of several psychiatric diseases, including major depressive disorder
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(MDD) [282], bipolar affective disorder (BAD) [283] and schizophrenia [284].
Significant changes in peripheral NO4- concentrations were observed for all three
diseases, although the data were conflicting [277]. For example, some researchers have
reported decreased NO,- concentrations [284] in patients with schizophrenia, whereas
other studies have found no significant differences in plasma and serum NO,-
concentrations between patients with schizophrenia and healthy controls [285]. In
addition, studies usually focus only on a single mental illness, and sample sizes are
often limited. Thus, the relationship between peripheral NO,- concentrations and

psychiatric disorders is currently unclear.
1.5.2 Functions of NOS1AP

The NOSIAP gene is located on human chromosome 1q22. NOSTAP consists of
506 amino acid residues and includes two domains: the N-terminal phosphotyrosine-
binding domain (PTB) and the C-terminal PDZ-binding domain (PDZ-BD) [286].
Several alternative transcripts for NOSIAP have been described [287,288]. NOS1AP
interacts with nNOS via PDZ-BD. Through the PTB domain, NOSIAP binds to
Dexrasl, resulting in the triple protein complex of NOS1AP, Dexras1l and nNOS, which
is required by nNOS during Dexrasl activation [289]. Through the PTB domain,
NOSITAP interacts with synapsins I, I and III to form the complex required for nNOS
localization to presynaptic endings [290]. Moreover, using the same domain, NOS1AP
integrates with the Scribble protein, allowing NOS1AP to become a link between
Scribble and Rho GTPase signalling via B-Pix and Gitl [291]. NOSIAP is known to
colocalise with both Scribble and Vangl1 proteins in breast cancer cells, which however
is not observed in healthy cells. This suggests that NOS1AP may contribute to this type
of cancer [292]. All this makes it possible to suggest that NOSIAP is an important
adaptor protein that is part of a number of different signalling complexes.

NOSI1AP interacts with nNOS, suggesting its mediated role in NO production
[293]. This assumption is indirectly supported by the finding of two SNPs in the
NOS1AP gene that are associated with a significant increase in NO,- concentration in

patients with BAD [294]. As for other NOS, NOS1AP has been shown to not interact
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with eNOS in cardiomyocytes [293] and with iNOS or eNOS in the central nervous
system [276].

NOSTAP binds nNOS to specific target proteins. For example, Dexras1 (present
in large quantities in the brain), whose activity is dependent on NO. It has been shown
that nNOS 1is able to affect Dexrasl in the Dexrasl/NOS1IAP/nNOS complex.
In addition, Dexras1 activity can be regulated by N-methyl-D-aspartate (NMDA) in a
NO-dependent manner [289].

NOSIAP is involved in the regulation of NMDA receptor activity, possibly
reducing it. This is one of the putative mechanisms underlying the development of
schizophrenia. There are various models describing the interaction between NOS1AP
and nNOS [295]. For example, the nNOS/PSD95 complex can be thought of as a
dimerisation of PDZ domains, and nNOS-PDZ ligands such as NOS1AP would
compete with PSD95 for interaction (Figure 6, A). Another model allows for the
possibility that the ligand-binding pocket of the PDZ domain remains available for
further recruitment of its own specific targets (Figure 6, B). According to another
model, if the C-terminus of NOS1AP were to anchor into the PDZ domain binding
pocket of nNOS in a manner different to those mentioned above, stabilising an allosteric
conformational change that prevents PSD95 binding to the B-finger of nNOS, this could
explain the inhibition of PSD95/nNOS interaction by NOS1AP (Figure 6, C). Finally, it
1s possible that NOS1AP acts as an inhibitor of the nNOS/PSD95 interaction only after
some delay in order to disable signal transduction once it has been activated (Figure 6,
D).

NOSIAP is able to influence NMDA receptor-related processes. NOS1AP has
been demonstrated to regulate NMDA receptor-mediated neuronal cell death [296].
Thus, NOSITAP is thought to promote neurotransmission and excitotoxicity. On the
other hand, NOS1AP has been reported to inhibit Ca®" entry via NMDA receptors into
neurons [276]. Overproduction of NOS1AP has been demonstrated to impair the current
through L-type calcium channels, leading to a shortened action potential duration in
ventricular myocytes [293]. NOS1AP has been shown to regulate Ca®" release from the

sarcoplasmic reticulum [297].
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Figure 6. Different patterns of interaction between NOS1AP and nNOS and their
intended consequences. A — Exclusion model. Binding of PSD95 to nNOS excludes
binding to NOSIAP due to interaction of PDZ-PDZ domains of PDZ proteins PSD95
and nNOS and direct competition. In this scheme, nNOS coupled to NMDAR (via
PSD95) produces active NO. In this model, nNOS/NOS1AP complexes with effectors
such as Dexrasl would not be directly localised to the receptor. B — Scaffold model.
Binding of nNOS via a B-finger (flanking motif outside the main PDZ domain) to
PSD95 facilitates the formation of a large complex involving NOS1AP (or other ligands
with C-terminal motifs). This model places nNOS close to the site of calcium influx and
NOSI1AP effectors close to the produced NO. C — Two-state model. It is assumed that
the PDZ domain of nNOS can exist in two conformational states. In one, it can bind
PSDO95 but not NOS1AP; in the other, it can bind NOS1AP but not PSD95. This may
explain the competition between PSD95 and NOS1AP. In this model, the nNOS-
NOSITAP complex is located at a distance from the NMDA receptor, which limits
nNOS activation in the nNOS-NOS1AP complex. D — Delayed release model. In this
model, NOSTAP can interact with the unoccupied PDZ pocket, but as yet undefined
mechanisms gradually lead to loss of PSD95 binding to the B finger, presumably
through conformational changes, leading to delayed dissociation of the nNOS/NOS1AP
complex from the receptor. The effector nNOS/NOS1AP complex localises near the
receptor and the associated calcium influx only for a limited time. Based on [295].
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There is some evidence on the relationship between NOSIAP and the
development of diabetes. Increased Ca®" levels in the islets of Langerhans have been
shown to activate nNOS in the surface layer of insulin secretory granules and to be
involved in the process of insulin secretion [298]. In addition, the administration of
cholesterol to inhibit nNOS activity can inhibit the process of insulin secretion,
indicating a biological role for the enzyme in this process [299,300]. The NOSIAP
polymorphism has been found to be associated with a predisposition to the primary
onset of diabetes in patients receiving calcium channel blockers. Pharmacogenomic
studies have shown that NOSIAP gene variants are an important factor influencing
differences in the efficacy of hypoglycaemic agents, particularly sulfonylurea
derivatives [301,302]. One clinical study showed that a variant of the NOSIAP gene
was associated with an increased predisposition to type 2 diabetes in the Chinese
population [303]. There is also evidence that NOS1A4P polymorphism may influence the
therapeutic efficacy of nateglinide in patients with type 2 diabetes [304].

Overproduction of NOS1AP has been shown to increase liver insulin sensitivity
and block p-p38MAPK in the liver of mutant mice homozygous for the ob gene
encoding leptin [305]. In another study, NOS1AP production in the liver was inversely
correlated with the formation of active forms of nNOS. Binding of NOSTAP to nNOS
in neurons promoted nNOS activity towards the target protein. Thus, it can be assumed
that NOS1AP exerts its effect on the liver through the inactivation of nNOS [306].

At the cellular level, NOS1AP also regulates actin dynamics, neuronal dendrite
formation and cancer cell migration [11,287,288,291,292]. Mutant mice homozygous
for the NOSIAP gene are viable as adults, but are prone to cardiac arrhythmias and
dysfunction when exposed to oxidative stress agents [286,297]. This is consistent with
the literature showing that common NOSIAP variants are associated with arrhythmias in
adults [307,308]. Recessive NOSIAP variants have been shown to disrupt
CDC42/DIAPH-dependent  actin  remodeling, cause  aberrant  organoid

glomerulogenesis, and lead to glomerulopathy in humans and mice [286].
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1.5.3 Association of NOS1AP with psychiatric disorders

There is a link between NOS1AP and various psychiatric disorders. Some studies
report that NOSIAP gene polymorphisms are associated with schizophrenia and other
psychiatric disorders [23,277]. For example, patients with schizophrenia have increased
levels of NOSIAP gene mRNA in the blood [309] and dorsolateral prefrontal cortex
(DLPFC) [22]. If mRNA levels, and consequently protein levels, are elevated due to
illness, the putative link between NOSIAP and the glutamate hypothesis of
schizophrenia, which accounts for the lack of NMDA receptor activation [22,310,311]

may be correct (Figure 7).
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Figure 7. NOS1AP binds nitric oxide synthase and thus regulates NMDA receptor-
mediated glutamate neurotransmission. Binding of NOS1AP leads to a reduction in
the number of NMDA receptor-nitric oxide synthase (NOS1) complexes, resulting in a
decrease in calcium influx controlled by the NMDA receptor and catalytic inactivation
of nitric oxide synthase. This process, it is suggested, may link increased levels of
NOSI1AP expression to the glutamate hypothesis of schizophrenia development.
Adapted from [310].

Patients with major depressive disorder show increased NOSIAP
immunoreactivity in the DLPFC and anterior cingulate cortex [312]. NOSIAP gene

variants are associated with endophenotypes of schizophrenia [313—315] and depression
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phenotypes in schizophrenia [316]. In addition, NOSIAP variants are associated with
symptom severity as well as symptoms of depression and anxiety in post-traumatic
stress disorder (PTSD) [317,318]. In addition to the association with schizophrenia, two
rare non-synonymous substitutions have been shown to separate obsessive-compulsive
disorder (OCD) and autism spectrum disorder (ASD) [319], which may suggest a
pleiotropic effect of NOS1AP on mental illness.

NOS1AP has been shown to be activated in CA1 pyramidal cells in the brains of
Alzheimer's patients [320]. NOSIAP expression induces increased levels of
phosphorylated, oligomeric and insoluble tau protein. In contrast, NOS1AP deficiency
facilitates Alzheimer's disease-related pathological phenotypes in taupathy models [25].
These findings suggest that NOS1AP may play an important role in the pathogenesis of

Alzheimer's disease.
1.6 Conclusion

The development of various neurodegenerative diseases is associated with the
appearance of protein aggregates, often possessing amyloid properties. Amyloids are
protein aggregates with a cross-p structure [1,2,30,321]. The discovery of coaggregation
of proteins with amyloids has revealed a new type of intermolecular interactions. It is
now becoming increasingly clear that such interactions may play an important role in
the pathogenesis of human and animal amyloidoses [13].

Parkinson's disease is the second most common neurodegenerative disease. It is
characterised by abnormal accumulation and aggregation of a-synuclein in Lewy bodies
and Lewy neurites [322]. There is evidence that a-synuclein can coaggregate with other
amyloids [13]. Thus, investigating the coaggregation of a-synuclein with other proteins
may help to understand the mechanisms of Parkinson's disease and develop new
treatment strategies for this disease.

One of the proteins with which a-synuclein physically interacts is NOS1AP. This
is indicated by the results of a proteomic screening based on co-immunoprecipitation
followed by mass spectrometry [26]. The NOS1AP protein has been associated with the

development of various psychiatric disorders, mainly schizophrenia [23,277]. Thus, it
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can be said that studying the ability of NOS1AP protein to form stable aggregates and
interact with a-synuclein may help to understand the possible molecular mechanisms of

the development of diseases such as schizophrenia and Parkinson's disease.
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2. MATERIALS AND METHODS
2.1 Plasmids

The plasmids used in this work are listed in Table 1. Plasmids from the
pDONR221 series (pDONR221-NOS1AP, pDONR221-SNCA) are commercial
plasmids from Thermo Fisher Scientific. Plasmids of the same series encoding
NOSIAP fragments (pDONR221-NOS1AP-1-291, pDONR221-NOS1AP-292-390,
pDONR221-NOS1AP-391-506) were obtained by PCR with primers (Table 4 as well as
section 2.4) to these sequences and subsequent insertion of the PCR product into the
pDONR221 vector using cloning (GateWay).

Plasmids for the C-DAG system were obtained using plasmids from the
pDONR221 series with the coding sequences of the proteins studied; pVSGW was used
as the target vector. Plasmids based on pAG416GPD-EGFP, pAG416GPD-EYFP and
pAG415GPD-Cerulean vectors were obtained for work with yeast cells. For work with
mammalian cell cultures pDONR221 plasmids were used to produce pgLAP1, pDEST-
V1-ORF and pDEST-V2-ORF based vectors. Plasmids for protein production were
derived from pDest-527. Recombination cloning technique was used to obtain these

constructs. The pDest-527-nSNCA plasmid was obtained by restriction and ligation.

Table 1 — Plasmids used in this work. CsgAss — signal peptide of CsgA protein,
necessary for protein export to cell surface. araBAD — arabinose operon. GAP —
GAPDH (glyceraldehyde-3-phosphate dehydrogenase) gene promoter. CMV is a
cytomegalovirus promoter. T7 — T7 phage promoter.

Plasmid name Protein of interest Selection | Promoter Origin

marker

Thermo Fisher

Scientific (Ultimate

PDONR221 ) ank B ORF Clones)
(12536017)
Thermo Fisher
pDONR221-NOSI1AP NOSIAP kanR - Scientific (Ultimate

ORF Clones)
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Continuation of Table 1

Plasmid name Protein of interest Selection | Promoter Origin
marker
Thermo Fisher
pDONR221-SNCA aSyn kanR - Scientific (Ultimate
ORF Clones)
pDONR221- aSyn(A53T) kanR -~
SNCA(A53T)
pDONR221- aSyn(AS53E) kanR —~ i th
SNCA(A53E) Obtained in this
pDONR221- aSyn(E46K) kanR _ work
SNCA(E46K)
pDONR221- aSyn(A30P) kanR —~
SNCA(A30P)
pDONR221-NOSIAP- NOSIAP(1-291) kanR -
1-291 Obtained in this
pDONR221-NOS1AP- NOS1AP(292-390) kanR —~
292-390 work
pDONR221-NOS1AP- NOS1AP(391-506) kanR —~
391-506
pVS72 CsgAss-Sup35NM ampR araBAD [36]
pVS105 CsgAss-Sup35M ampR araBAD [36]
pVSGW-ccdB ampR araBAD [323]
pVSGW-NOSIAP CsgAss-NOS1AP ampR araBAD
pVSGW-NOS1AP-1-291 CsgAss-NOS1AP(1-291) ampR araBAD
CsgAss- Obtained in this
pVSGW-NOSI1AP- & ampR araBAD
292-390 NOS1AP(292-390) work
CsgAss-
pVSGW-NOSI1AP- & ampR araBAD
391-506 NOS1AP(391-506)
pAG416GPD-EGFP- EGEP URA3 GAP Addgene
ccdB (Plasmid #14196)
pAG416GPD-EGFP- EGFP-NOS1AP(1-291) URA3 GAP
NOSIAP-1-291 Obtained in this
pAG416GPD-EGFP- | EGFP-NOS1AP(292-390) | URA3 GAP
NOS1AP-292-390 work
pAG416GPD-EGFP- | EGFP-NOS1AP(391-506) | URA3 GAP
NOSTAP-391-506
Addgene
pgLAP1 EGFP hygR CMV

(Plasmid #19702)
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Continuation of Table 1

Plasmid name Protein of interest Selection | Promoter Origin
marker
peLAP1-SNCA EGFP-aSyn hygR CMV
pgLAP1-NOS1AP EGFP-NOSIAP hygR CMV
peLAPI-NOSIAP-1-291 | EGFP-NOSIAP(1-291) hygR CMV Obtained in this
pgLAPI-NOSIAP- | EGEP.NOSI1AP(292-390) |  hygR CMV work
292-390
pgLAPI-NOSIAP- | EGFP-NOS1AP(391-506) |  hygR CMV
391-506
\%! bleoR CMV Addgene
- - eo.
pDEST-V1-ORF (Plasmid #73635)
pDEST-V1-SNCA V1-aSyn bleoR CMV
pDEST-V1-NOS1AP V1-NOS1AP bleoR CMV
pDEST-V1-NOS1AP- V1-NOS1AP(1-291) bleoR CMV Obtained in this
1-291
work
pDEST-V1-NOS1AP- i i bleoR CMV
202390 V1-NOS1AP(292-390)
PDEST-VI-NOSIAP- | /) NOS1AP(391-506) |  bleoR CMV
391-506
bleoR MV Addgene
- - eo
pDEST-V2-ORF V2 (Plasmid #73636)
pDEST-V2-SNCA V2-aSyn bleoR CMV
pDEST-V2-NOS1AP V2-NOS1AP bleoR CMV
pDEST—V22—91\iOSIAP—1— V2-NOSIAP(1-291) bleoR CMV Obtained in this
work
pDEST—Vz—NOS 1AP- _ _ bleoR CMV
297.390 V2-NOS1AP(292-390)
PDEST-V2-NOSIAP- 1 ) NOSIAP(391-506) |  bleoR CMV
391-506
pAG416GPD-EYFP- EYFP URA3 GAP Addgene
ccdB (Plasmid #14220)
pAG416GPD-EYFP- EGFP-aSyn URA3 GAP
SNCA
pAG416GPD-EYFP- EYFP-NOS1AP URA3 GAP
NOSIAP Obtained in this
pAG416GPD-EYFP- EYFP-NOS1AP(1-291) URA3 GAP
NOS1AP-1-291 work
pAG416GPD-EYFP- | EYFP.NOS1AP(292-390) | URA3 GAP
NOS1AP-292-390
pAG416GPD-EYFP- | EYFP.NOS1AP(391-506) | URA3 GAP

NOSIAP-391-506
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NOS1AP(391-506)

Plasmid name Protein of interest Selection | Promoter Origin
marker
pAG415GPD-Cerulean- Cerulean LEU? GAP Addgene
ccdB (Plasmid #14410)
pAG415GPD-Cerulean- Cerulean-aSyn LEU2 GAP
SNCA
pAG415GPD-Cerulean- i
SNCA(A53T) Cerulean-aSyn(A53T) LEU2 GAP
pAG415GPD-Cerulean-
SNCA(AS3E) Cerulean-aSyn(A53E) LEU2 GAP Obtained in this
pAG415GPD-Cerulean- work
SNCA(A30P) Cerulean-aSyn(A30P) LEU2 GAP
pAG415GPD-Cerulean- i
SNCA(E46K) Cerulean-aSyn(E46K) LEU2 GAP
pAGA415GPD-Cerulean- | Cerulean-NOS1AP LEU2 GAP
NOS1AP
" 7 Addgene
. - am
pDest-527 v (Plasmid #11518)
pDest-527-SNCA aSyn-6xHis ampR T7 Obtained in this
pDest-527-nSNCA aSyn ampR T7 work
pDest-527- NOS1AP(292-390)-6xHis |  ampR T7 o
NOS1AP(292-390) ( ) P Obtained in this
pDest-527- NOS1AP(391-506)-6xHis |  ampR T7 work

The resulting plasmids were verified either by restriction analysis with Bgll,

EcoRV, Pvul, Nsil, Pvull, Ncol, Hincll (depending on the plasmid) or by sequencing

(section 2.4.5).
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2.2 Microbial strains and cell lines
2.2.1 Microbial strains
2.2.1.1 Bacteria strains

Escherichia coli strain TOP10 and DHS5a were used for routine plasmid
production. The E. coli XL10-Gold strain was used to produce the pDest527-nSNCA
plasmid.

E. coli strain VS39 was used for the C-DAG system [36]. The VS39 strain is a
derivative of the MC4100 strain, which is capable of forming kerl. The csg4, csgB and
csgC kerl genes are deleted from VS39, with a replacement for the neo gene that
provides resistance to kanamycin. VS39 additionally includes plasmid pVS76, which
contains a gene encoding the kerli protein CsgG.

E. coli strains used for heterologous protein overproduction were NiCo21(DE3),

BL21(DE3), BL21(DE3)pLysS, Origami and T7 (Table 2) (New England Biolabs).

Table 2 — Bacterial strains used for plasmid and protein production

Strain Genotype
TOP10 F~ mcrA A( mrr-hsdRMS-mcrBC) ¢80lacZAM15 A lacXT74 recAl araD139
A(ara-leu)7697 galU galK rpsL (Str") endA1 nupG
XL10-Gold Tet'delta- (mcrd)183 delta- (mcrCB-hsdSMR-mrr)173 endAl supE44 thi-1
recAl gyrA96 relAl lac Hte [F* proAB lacl’ZDM15 Tnl0 (Tet") Amy Cam']
DHSa F endAl ginV44 thi-1 recAl relAl gyrA96 deoR nupG purB20 ¢80dlacZAM15

A(lacZYA-argF)U169, hsdR17(rg mx'), A~
can::CBD fhuA2 [lon] ompT gal (. DE3) [dem] arnA::CBD slyD::CBD
NiCo21(DE3) | glmS6Ala AhsdS /. DE3 = A sBamHlo AEcoRI-B int::(lacl::PlacUV5::T7
genel) i2l Anin5

BL21(DE3) F ompT hsdSg (r5, mp ) gal dem (DE3)
BL21(DE3)pLysS | F~ ompT hsdSg (15, mg ) gal dem (DE3) pLysS(Cam")

Origami F ompT hsdSg(rg” mg") gal dem lacY1 ahpC gor522:: Tnl0 trxB (Kan", Tet")

fhud2 lacZ::T7 genel [lon] ompT gal suldAll R(mcr-73::miniTnl0--Tet’)2
[dem] R(zgb-210::Tnl 0--Tet®) endA1 A(merC-mrr)114::1S10

T7
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2.2.1.2 Yeast strains

The Saccharomyces cerevisiae yeast strains 74-D694 (MATa adel-14(UGA) trpl-
289(UAG) ura3-52 his3-4200 leu2-3,112 [psi] [PIN]) [324] and 2-74-D694 (MATa
adel-14(UGA) trp1-289(UAG) ura3-52 his3-4200 leu2-3,112 [psi’] [pin’]) were used
(Courtesy of Matveenko A.G.).

2.2.2 Mammalian cell lines

The HEK293T cell line was kindly provided by Natalia Viktorovna Katolikova.
The HEK293T line is a variant of the HEK293 line derived from human embryonic
kidneys. HEK293T expresses a mutant temperature-sensitive variant of the SV40
T-antigen [325]. It is used for transient transfection and protein expression.

The IMR-32 cell line was kindly provided by Daniel Valerievich Kachkin. IMR-

32 cells were originally obtained from brain neuroblastoma tissue [326].
2.2.3 Media and cultivation conditions

Standard LB media (liquid and solid) were used for routine cultivation of
bacterial strains [327]. For solid media, agar was added to a final concentration of 2.5-
3% (w/v). The strains were incubated at 37 °C. Ampicillin (100 pg/ml) or kanamycin
(50 pg/ml) was used for selection. When cultured in liquid medium, agitation at 200
rpm was used.

For the C-DAG method, transformants of strain VS39 were grown on solid LB
medium supplemented with ampicillin (100 pg/ml), chloramphenicol (25 pg/ml), 0.2%
(w/v) L-arabinose, 1 mM IPTG (isopropyl-B-D-1-thiogalactopyranoside) and Congo red
dye (10 pg/ml) in a combination depending on the media designation (

Table 3) [36]. Cells were incubated at 22 °C, 26 °C and 37 °C to select the
optimum conditions under which the positive and negative controls would make a clear

difference.
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Table 3 — Composition of media for the C-DAG bacterial system

Component of the Congo Red induction
Control medium Medium for induction
medium medium
ampicillin 100 pg/ml 100 pg/ml 100 pg/ml
chloramphenicol 25 pg/ml 25 pg/ml 25 pg/ml
L-arabinose 0 0.2% (W/v) 0.2% (wW/v)
IPTG 0 1 mM 1 mM
Congo red 0 0 10 pg/ml

Yeast cells were grown on complete YEPD medium. Yeast transformants were
cultured on synthetic media (SC), with the addition of the necessary amino acids and
nitrogenous bases except for uracil and/or leucine (SC-U and SC-UL) at 30 °C [328].

HEK293T cell cultures were grown on DMEM medium (Thermo Fisher
Scientific), IMR-32 cell cultures were grown on RPMI medium (Thermo Fisher
Scientific). Fetal bovine serum up to 10% (w/v) and antibiotics (penicillin and
streptomycin to final concentrations of 100 units/ml and 100 ug/ml, respectively) were

added to the medium. The cells were cultured at 37 °C in an atmosphere of 5% CO,.
2.3 Genetic methods
2.3.1 Transformation of yeast and bacteria

The bacterial strains TOP10 and XL10-Gold were transformed according to
standard procedures using chemically competent cells. Transformation of strains VS39,
NiCo21(DE3), BL21(DE3), BL21(DE3)pLysS, Origami and T7 was performed by
standard technique using CaCl, [329]. Yeast transformation was performed according to

standard procedures using lithium acetate [330].
2.3.2 Transfection of mammalian cells

HEK293T and IMR-32 cells were transfected using TurboFect Transfection
Reagent (Thermo Scientific) or TransIntro EL Transfection Reagent (TransGen

Biotech) according to the manufacturers' protocols. To investigate the physical
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interaction between the two proteins, cells were transfected simultaneously with two

plasmids, each containing a sequence encoding one of the proteins of interest.
2.4 . Methods of molecular biology

Standard nucleic acid techniques were used: DNA electrophoresis in agarose gel,
restriction and ligation [327]. When performing restriction and ligation reactions, the
recommendations of the manufacturers of the respective enzymes were also taken into
account. For purification of PCR products, plasmids, and DNA extraction from the gel,
appropriate reagent kits were used according to the methodology recommended by the

manufacturer (Thermo Fisher Scientific).
2.4.1 Obtaining constructs encoding fragments of proteins of interest

To obtain plasmids encoding NOS1AP protein fragments, we performed a PCR
reaction using pDONR221-NOS1AP plasmid DNA as a matrix. We used Taq
polymerase (SibEnzyme) for DNA synthesis. Reaction mixture was prepared using the
technique described in [327]. The primers listed in Table 4 were used for amplification.
For the reaction, the programme given in Table 5 was used. The annealing temperature
of the primers was chosen experimentally.

The mixture was further treated with Dpnl restrictase (Thermo Scientific) after
PCR. To 15 ul of PCR product was added 3 ul of 10x Buffer Tango (Thermo
Scientific), 0.2 ul of Dpnl and 11.8 pl of water. The mixture was incubated at 37 °C for
6 h before being used for recombinant cloning with the BP Clonase II kit (section
2.4.3.1). The transformation of the E. coli DH5a strain was then performed using the
post-cloning mixture. The bacterial cells were seeded on selective medium, cultured for

12-16 hours at 37 °C, after which the transformants were selected.
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Table 4 — Primers for amplification of sequences encoding NOS1AP fragments.
attB sites are underlined in the primer sequences.

Primer name

Sequence

Amplifiable

fragment

NOS1AP-F-292-390

GGGGACAAGTTTGTACAAAAAAGCAGGCTA
CCAGATGCAGCTCC

R _NOS1AP(HindIII)
attB2

GGGGACCACTTTGTACAAGAAAGCTGGGTA
AGCTTCTAGTCACAGAGCACGGGCAG

NOS1AP(292-390)

NOSIAP 1 291
NAR attBl forward

primer

GGGGACAAGTTTGTACAAAAAAGCAGGCTT
CATGCCTAGCAAAACCAAG

NOSI1AP 1 291
NAR attB2 reverse

primer

GGGGACCACTTTGTACAAGAAAGCTGGGTT
CTAGTGGTGAGTGGACAG

NOS1AP(1-291)

NOSIAP 391 506
NAR attB1 forward

primer

GGGGACAAGTTTGTACAAAAAAGCAGGCTT
CCCCACGACCCCTAAGCC

NOSIAP 391 506
NAR attB2 reverse

primer

GGGGACCACTTTGTACAAGAAAGCTGGGTT
CTACACGGCGATCTCATC

NOS1AP(391-506)

Table S — PCR protocol for sequences amplification encoding fragments of

proteins of interest

DNA amplification
DNA Number of Completion of
DNA Primer DNA
denaturation amplification | DNA synthesis
denaturation annealing synthesis
cycles
5min, 94 °C | 30s,94°C 30s,55°C 90s,72°C 30 5 min, 72 °C
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2.4.2 Obtaining constructs encoding a-synuclein variants with amino acid

substitutions

To obtain plasmids encoding a-synuclein variants with substitutions, we
performed a PCR reaction using pDONR221-SNCA plasmid DNA as a matrix. We used
AccuPrime Pfx polymerase (Invitrogen) for DNA synthesis. Primers listed in Table 6.
were used for amplification. For the reaction, we used the program given in Table 7.
The annealing temperature of the primers was chosen experimentally.

The mixture was further treated with Dpnl restrictase (Thermo Scientific) after
PCR. To 10 ul of PCR product were added 2 pl of 10x Buffer Tango (Thermo
Scientific), 1 pl of Dpnl enzyme and 7 pl of water. The mixture was incubated at 37 °C
for 6 hours. Then transformation of E. coli strain DH5a was performed using the
mixture after incubation. The bacterial cells were plated on selective medium, cultured

for 12-16 hours at 37 °C, and then the transformants were selected.

Table 6 — Primers for amplification of sequences encoding a-synuclein variants
with substitutions. Introduced nucleotide substitutions are underlined.

Primer name Sequence Substitution
made
SNCA Ala53Thr Forward | GGTGCATGGTGTGACAACAGTGGCTGAGAAG
ACC
Ala53Thr
SNCA Ala53Thr Reverse | GGTCTTCTCAGCCACTGTTGTCACACCATGCA
CC
SNCA_Ala53Glu_Forward | GGTGCATGGTGTGGAAACAGTGGCTGAGAA
GACC
Ala53Glu
SNCA Ala53Glu Reverse | GGTCTTCTCAGCCACTGTTTCCACACCATGCA
CC
SNCA_ Ala30Pro_Forward | GGTGTGGCAGAAGCACCAGGAAAGACAAAA
GAGG
Ala30Pro
SNCA Ala30Pro Reverse | CCTCTTTTGTCTTTCCTGGTGCTTCTGCCACA
CC
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Primer name Sequence Substitution
made
SNCA_Glu46Lys Forward | GGCTCCAAAACCAAGAAGGGAGTGGTGCAT
GG Glu46Lys
SNCA_ Glu46Lys Reverse | CCATGCACCACTCCCTTICTTGGTTTTGGAGCC

Table 7 — PCR protocol to amplify sequences encoding a-synuclein variants with

substitutions
DNA amplification
DNA Number of Completion of
DNA Primer DNA
denaturation amplification | DNA synthesis
denaturation annealing synthesis
cycles
5min, 95°C | 30s,95°C 30s,63°C 15 min, 68 °C 18 30 min, 68 °C

2.4.3 Gateway recombinatorial cloning

2.4.3.1 Gateway BP Clonase reaction

Gateway™ BP Clonase™ II kit (Thermo Fisher Scientific) was used for cloning.

Components of the reaction mixture:

1) PCR fragment with att sites — 1 pl;
2) Destination vector (pDONR221) — 150 ng;

3) BP clonase II — 1 pl;

4) TE buffer —up to 9 pl.
The mixture was incubated at 25 °C for 2 h, followed by the addition of 1 pl of

Proteinase K solution from the kit and incubated for 10 min at 37 °C.
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2.4.3.2 Gateway LR Clonase reaction

Gateway™ LR Clonase™ II kit (Thermo Fisher Scientific) was used for cloning.
Components of the reaction mixture:

1) pDONR221 with gene of interest — 150 ng;

2) Destination vector (pDest527, pVSGW-ccdB, pAG416GDP-EGFP,
pAG416GPD-EYFP-ccdB, pAG415GPD-Cerulean-ccdB) — 150 ng;

3) LR clonase Il — 1 pl;

4) TE buffer (10 mM Tris-HCI, 1 mM EDTA (pH 8.0)) —up to 9 pul.

The mixture was incubated at 25 °C for 2 hours, followed by the addition of 1 ul

of the kit proteinase K solution and incubated for 10 minutes at 37 °C.
2.4.4 Obtaining the pDest527-nSNCA plasmid

To produce native a-synuclein (aSyn) in E.coli bacterial cells, the plasmid
pDest527-nSNCA (n is for native) was constructed. For this purpose, we cut a 72 bp
long fragment carrying the site encoding the 6xHis tag using restriction using the
enzymes Ndel (Fermentas) and Ncol (Fermentas) from the pDest527-SNCA plasmid
(Figure 8).

Plasmid fragments after treatment with Ndel and Ncol restrictases were separated
in a 2% (w/v) agarose gel. DNA was isolated from the gel, the concentration was
measured on a NanoDrop 2000C spectrophotometer, and then treated with Klenow
Fragment (Thermo Scientific) according to the manufacturer's procedure. The resulting
mixture was incubated for 10 min at 37 °C, followed by 10 min at 75 °C to cycle the
plasmid. Afterwards, a ligase reaction was performed using DNA ligase T4 (Thermo
Scientific). The competent cells of the bacterial strain E. coli XL10-Gold were then
transformed with the mixture after the ligase reaction. The transformants were
inoculated on cups with LB medium supplemented with ampicillin to a concentration of

100 pg/ml.
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(88) Ndel BglIl (93)
BglIl (123)
"Ncol (160)

pDest527-SNCA

6102 bp

Figure 8. Physical map of the pDest527-SNCA plasmid. Ndel, Ncol and Bglll
indicate the locations of the restriction sites. T7 20-mer and T7 Terminator indicate

primer landing sites used for PCR from colonies.

On the next day (about 12-16 hours later), transformant colonies were taken from
the cup and checked for the presence of the desired one by PCR from the colony. For
this purpose, colonies were taken from the cup with a sterile stick, each of them was
resuspended in 20 ul of sterile water and then the sample was incubated for 5 minutes at
95 °C. The mixture was centrifuged at 14000 rpm for 5 minutes. 1 pl of supernatant
fraction was taken and used as a template for PCR with primers T7 Terminator
(GCTAGTTATTGCTCAGCG) and T7 20-mer (TAATACGACTCACTATAGGQG).
Taq polymerase (SibEnzyme) was used for DNA synthesis according to the
manufacturer's recommendations. The PCR programme is shown in Table 8. A total of

53 transformants were analysed.
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Table 8 — Amplification protocol for DNA encoding a-synuclein

DNA amplification
DNA Number of | Completion of
DNA Primer DNA
denaturation amplification | DNA synthesis
denaturation annealing synthesis
cycles
5 min, 94 °C 30,94 °C 30s,55°C 60s, 72 °C 30 5 min, 72 °C

The presence and size of PCR products were checked by electrophoresis in
2% (w/v) agarose gel. When a fragment carrying the 6xHis tag is excised from the
pDest527-SNCA plasmid, the plasmid size is reduced by 72 bp. We detected the PCR
product of the expected size (72 bp smaller than the original plasmid).

An additional check for the absence of the fragment encoding the 6xHis tag in the
plasmid is treatment with BgllIl restrictase, since in the original plasmid the restriction
sites of this enzyme are only in the excised fragment (Figure 8). Plasmids were isolated
from the selected clones and then treated with Bglll enzyme to check whether plasmid
cleavage occurred or not. Plasmids that were not hydrolysed by Bglll were used to
transform the bacterial strain E. coli NiCo21(DE3).

Another test of the successful excision of the fragment carrying the 6xHis tag was
western blot hybridisation with antibodies to the 6xHis tag, as the protein synthesised in
the cells by the transformant should not bind these antibodies if this tag is lost. It was
necessary to make sure that the cells overproduce the right size protein. Transformants
of the bacterial strain E. coli NiCo21 were seeded in LB selective liquid medium with
ampicillin and incubated overnight. The next day, these cultures were diluted to
OD(600 nm) = 0.3, a 1 ml aliquot "before induction" was taken and 1 mM IPTG was
added to the remaining culture to induce overproduction of a-synuclein. Two hours
later, samples were taken to check the presence of a-synuclein using the SDS-PAGE
method. Before plating, the precipitated cells were incubated at 100 °C for 5 min and
then the resulting mixture was centrifuged at maximum speed for 30 s. Electrophoresis
was performed in two replicates. Proteins from a single gel were eluted onto a
membrane using a semi-dry transfer. Western blot hybridization was performed as

described in section 2.5.8. Anti-His antibody (GE Healthcare) at a dilution of 1:4000 in
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TTBS buffer with Blocking Agent (Amersham) added to 1% (w/v) was used to identify
a-synuclein with the 6xHis tag, and mouse IgG antibody (Amersham) at a dilution of
1:20000 in TTBS buffer with Blocking Agent (Amersham) added to 0.2% (w/v) as the
secondary antibody. A second gel was used for Coomassie blue staining to control

protein application.
2.4.5 Sequencing

Sequencing of the plasmids obtained in the course of this work was performed at
the Molecular and Cell Technology Development Resource Center, SPbSU. The
obtained chromatograms were analyzed using Unipro UGENE [331] and Chromas
(version 2.6.6 (2018)). Standard primers were used for plasmid sequencing: EGFP-C,
BGH Reverse, CMV Forward, T7, T7 Terminal, M13 Fwd(GW) and M13 Rev(GW).

2.4.6 MTT assay protocol for cell viability

A 96-well culture plate was seeded with 5000 HEK293T cells per well in 100 pl
of medium and incubated at 37 °C in an atmosphere of 5% CO2. After 24 hours, the
cells were transfected with constructs containing sequences encoding proteins of
interest. EGFP-producing cells transfected with the pglLAP1 vector were used as a
negative control. Twenty-four hours after transfection, 10 ul MTT solution was added
to the wells and incubated for 4 hours, then 100 pl Formazan Solution (FineTest) was
added to the cells and incubated for another 4 hours. Optical absorbance was measured
using a CLARIOstar Plus multi-mode microplate reader (BMG LABTECH) in the
range of 560 to 600 nm. To measure the number of surviving cells, the absorbance value
in the experimental wells was divided by the value in the control wells with

untransfected cells.
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2.5 Biochemical methods
2.5.1 Sodium dodecyl-sulfate polyacrylamide gel electrophoresis (SDS-PAGE)

Electrophoresis was performed according to standard procedures [327,332] at
180V for 50-60 minutes. A 5% (w/v) concentrating and 15% (w/v) separating gels were
used. Quadruple application buffer (8% (w/v) SDS, 0.25 M Tris-HCl (pH 6.8),
20% (w/v) glycerol, 8% (w/v) B mercaptoethanol (BME), 0.2% (w/v) bromophenol
blue) was added to the protein sample and boiled for 5 minutes at 100 °C. If protein
aggregation was to be assessed, samples were prepared in two replicates: one boiled for

5 min, the other incubated at room temperature.
2.5.2 Coomassie Brilliant Blue staining of polyacrylamide gels

After SDS-PAGE, the gel was washed with water and then placed in Coomassie
solution (0.25% (w/v) Coomassie Brilliant blue, 40% (v/v) ethanol, 10% (v/v) acetic

acid) and boiled for 1 minute. Excess dye was washed off by boiling in water.
2.5.3 Semi-dry protein transfer

A Trans-Blot Turbo rapid transfer system (Bio-Rad), Amersham PVDF
membrane and Whatman International Ltd. wad were used to transfer proteins to the
membrane according to the methodology [333]. The membrane was pre-activated in
methanol and washed in transfer buffer (20% (v/v) methanol, 0.2 M Tris, 25 mM
glycine) before use. The following were placed sequentially on the lower electrode: a
special sponge; 1 sheet of cotton wool corresponding to the size of the membrane and
gel; the membrane; the gel; 1 sheet of cotton wool; and a second sponge. Each
component was pre-wetted in transfer buffer before use. Transfer was performed at 25V

for 30 minutes.
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2.5.4 Protein isolation from mammalian cells

HEK293T cells were washed off the plates one day after transfection with
trypsin-Versen solution (Biolot). The cells were precipitated by centrifugation at 1200
rpm for 5 min. An equal volume of RIPA buffer (150 mM NaCl, 1% (w/v) Triton
X-100, 0.5% (w/v) sodium deoxycholate, 0.1% (w/v) SDS, 50 mM Tris-HCI (pH 8.0),
2 mM PMSF, 10 mg/ml leupeptin, 20% (v/v) protease inhibitors (Sigma P8340-5ML))
was added to the cell precipitate. The cells were incubated in the buffer for 30 min on
ice. The solution was then treated with ultrasound (10 seconds at 50% power on a
Bandelin SONOPULS HD 2070 ultrasonic homogeniser). The cell debris was collected
by centrifugation at 2000 rpm at 4 °C for 10 minutes. The supernatant was used to
prepare samples for SDD-AGE.

2.5.5 Protein extraction from yeast cells

S. cerevisiae yeast cells were cultured on selective medium to OD(600 nm) = 0.4
and collected by centrifugation at 5000 rpm. Proteins were extracted according to a
published protocol [33], except for a modified lysis buffer (100 mM Tris-HCI (pH 7.6),
2 mM PMSF, 10 mM BME, 4% (v/v) protease inhibitors (Sigma, P8215). The resulting
protein lysate was used for semi-denaturing detergent agarose gel electrophoresis

(SDD-AGE).
2.5.6 Semi-denaturing detergent agarose gel electrophoresis (SDD-AGE)

For electrophoresis, a 1.5% (w/v) agarose gel was prepared in one fold TAE
(40mM Tris, 20 mM acetic acid, pH 8.3, 1 mM EDTA) buffer with 0.1% (w/v) SDS
added. The gel was poured onto a substrate and allowed to solidify. The electrophoresis
chamber was set in ice. Electrophoresis was performed for 4 hours at 30 V. Two
samples were prepared to evaluate aggregation. Quadruple application buffer (8% (w/v)
SDS, 2X TAE, 20% (w/v) glycerol, 0.2% (w/v) bromophenol blue) was added to the
samples. BME up to 2% (v/v) was added to one sample and water was added to the

other. The samples were incubated for 5 min at room temperature [334].
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2.5.7 Capillary transfer of proteins

Amersham PVDF membrane and Whatman International Ltd paper were used for
transfer. The system consisted of the following components corresponding to the size of
the gel: a 2-3 cm high stack of filter paper; three dry Whatmans paper sheets; two
Whatmans paper sheets soaked in TBS buffer (30 mM Tris-HCI (pH 7.4), 150 mM
NaCl). The membrane, the gel and two Whatmans paper sheets soaked in TBS were
placed on top. The system was covered with a "wick", a strip of Whatmans paper equal
to the width of the gel, and lowered with its ends into the TBS cuvettes above the
system. Before use, the membrane was pre-activated in methanol and washed in TBS

buffer. A weight was placed on top of the system and incubated at 4 °C overnight.
2.5.8 Western blotting

Western blot hybridization was performed as described [335]. The membrane
after transfer was incubated under stirring in TTBS buffer (50 mM Tris-HCI (pH 7.6),
150 mM NaCl, 0.1% (v/v) Tween-20) with Blocking Agent (Amersham) added to 1%
(w/v) for 15 min. The membrane was then incubated with primary antibodies for 1 hour
and then washed with TTBS buffer three times for 15 min each. For EGFP-tagged
protein detection, Anti Tag(CGY)FP (Eurogen) was used as primary antibodies at a
dilution of 1:4000 in TTBS buffer with Blocking Agent (Amersham) added to 1%
(w/v), and Rabbit IgG antibodies (Cytiva) at 1:20000 in TTBS buffer with Blocking
Agent (Amersham) added to 0.2% (w/v) as secondary. For 6xHis tagged protein
detection, Anti-His (GE Healthcare) in a dilution of 1:4000 in TTBS buffer with
addition of Blocking Agent (Amersham) up to 1% (w/v) was used as primary antibody
and mouse IgG antibody (Amersham) in a dilution of 1:20000 in TTBS buffer with
addition of Blocking Agent (Amersham) up to 0.2% (w/v) as secondary antibody. After
washing, the membrane was incubated with horseradish peroxidase-conjugated
secondary antibodies for 1 hour. The membrane was then washed again with TTBS
buffer three times for 15 min each. The membrane was then treated with a mixture of

reagents (luminol solution and hydrogen peroxide solution in a 1:1 ratio) (Amersha
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ECL Select Western Blotting Detection Reagent). Chemiluminescence detection was

performed on a GeneGnome instrument (SynGene).
2.6 Extraction and purification of recombinant proteins from E.coli
2.6.1 Extraction and purification of native a-synuclein

To generate a preparative amount of protein, an overnight culture of E. coli
NiCo21(DE3) bacterial strain transformed with pDest527-nSNCA plasmid was diluted
100-fold and cultured for approximately two hours at 37 °C. Once OD(600 nm) = 0.3
was reached, induction was carried out by adding IPTG to a concentration of 1 mM and
the cells were grown for 5 hours.

Extraction and purification of preparative amounts of a-synuclein protein from
the bacterial strain was carried out according to a previously published protocol [336].
Cell precipitate from 1 L culture was resuspended in 100 ml of osmotic shock buffer
(30 mM Tris-HCI (pH 7.2), 40% (w/v) sucrose, 2 mM EDTA) and incubated for 10 min
at room temperature and agitation. The supernatant containing periplasmic protein was
collected by centrifugation at 13500 g for 20 min at 4 °C and dialyzed in special
cassettes (Thermo Scientific) against buffer A (20 mM Tris-HCI (pH 8.0)) in a ratio of
1:50 overnight. The precipitate remaining after centrifugation was stored at 4 °C to
control protein extraction.

The supernatant fraction containing periplasmic protein in buffer A was applied
to a HiTrap Q HP column (5 ml) (GE Healthcare) equilibrated with buffer A and eluted
with a 0-1 M NaCl gradient in buffer A using an NGC chromatography system (Bio-
Rad). The flow rate in all steps was 5 ml/min. The eluted fractions were collected on a
BioFrac fraction collector (Bio-Rad) and analysed by SDS-PAGE using a 15% (w/v)
separating polyacrylamide gel. The fractions containing the target protein were
combined and concentrated using an Amicon Ultra-15 centrifuge concentrator with a
pore diameter of 3 kDa (Merck).

Additional purification of a-synuclein was carried out by gel filtration on a

HilLoad 16/600 Superdex 75 pg column (GE Healthcare) using an NGC instrument
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(Bio-Rad). Concentrated protein in 0.5 ml buffer A was applied to the column at a flow
rate of 0.5 ml/min and eluted with 1.5 column volumes of the same buffer at a flow rate
of 0.5 ml/min. The fractions containing the target protein were combined and
concentrated using an Amicon Ultra-15 centrifuge concentrator with a pore diameter of

3 kDa (Merck) and then stored at -80 °C.
2.6.2 Extraction and purification of NOS1AP fragments

To generate a preparative amount of protein, an overnight culture of E. coli T7
bacterial strain transformed with pDest527-NOS1AP(292-390) and pDest527-
NOS1AP(391-506) plasmids was diluted 100-fold and cultured for about two hours at
37 °C. Once OD(600 nm) = 0.5, induction was carried out by adding IPTG to a
concentration of 1 mM and the cells were cultured at 26 °C for 5 hours.

After precipitation E.coli cells were resuspended in lysis buffer (85 mM Tris-HCI
(pH 8.0), 8 M urea) at a ratio of 10 ml per 1 g cells and incubated at 26 °C for 40-50
min. The suspension was sonicated (3 cycles of 10 s at 50% power on a Bandelin
SONOPULS HD 2070 ultrasonic homogenizer). Cell debris was collected by
centrifugation at 30000 rpm at 10 °C for 20 min. The supernatant with imidazole added
to a concentration of 5 mM was applied to an HisTrap HP column (5 ml) (GE
Healthcare) equilibrated with wash buffer (85 mM Tris-HCI (pH 8.0), 8 M urea, 5 mM
imidazole). In order to remove non-specific proteins bound to the column after the
supernatant had been applied, the column was washed with the same buffer with
imidazole added to 20 mM. The NOS1AP(292-390) and NOS1AP(391-506) proteins
were eluted with an imidazole gradient of 20-400 mM. Eluted fractions were collected
on a BioFrac fraction collector (Bio-Rad) and analysed by SDS-PAGE using 15% (w/v)
separating polyacrylamide gel. Fractions containing the target protein were pooled and
concentrated using an Amicon Ultra-15 centrifuge concentrator with a pore diameter of
3 kDa (Merck). Additionally, the protein was concentrated using an Amicon Ultra-0.5

centrifuge concentrator with a pore diameter of 3 kDa (Merck).



226

2.7 Analysis of the protein aggregatproteinion
2.7.1 Aggregation of a-synuclein in vitro

a-Synuclein monomers at a concentration of 5 mg/ml in sterile PBS buffer
(137 mM NacCl, 2.7 mM KCI, 10 mM Na2HPO4, 1.76 mM KH2PO4 (pH 7.4)) were
incubated at 37 °C and flipped 'over the head' on a rotator (BioSan). Before incubation,
a sample of monomeric protein was taken and stored. A sample was then taken after
two weeks of incubation. Samples were stained with thioflavin T and its fluorescence

intensity was compared.
2.7.2 Aggregation of the NOS1AP(292-390) fragment in vitro

To investigate the ability of the amyloidogenic fragment NOS1AP(292-390) to
form aggregates in vitro, the purified protein was dissolved in PBS buffer (137 mM
NaCl, 2.7 mM KCI, 10 mM Na2HPO4, 1.76 mM KH2PO4 (pH 7.4)) to a concentration
of 1 mg/ml and incubated at 37 °C in a rotator with stirring "over the head" (BioSan).
After 7 days, thioflavin T was added to the protein sample and its fluorescence intensity

was measured.
2.7.3 Protein staining with thioflavin T

Thioflavin T (ThT) was added to the protein solution in PBS to a concentration of
40 uM, stirred, then 150 pl of sample was applied to a black-walled plate (Corning
3603). The fluorescence of ThT was excited by radiation at 450+16 nm and recorded in
the wavelength range from 478410 to 600+10 nm, measured using a CLARIOstar Plus
multi-mode microplate reader (BMG LABTECH).

2.7.4 Analysis of protein aggregation kinetics

For the reaction, 96-well plates with transparent bottoms and black well walls
(Corning 3603) were used. The wells at the periphery of the plate were filled with

150 pul water. All interwells were also filled with 100 pl water. Protein monomeres at a
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concentration of 1.5pg/ml, thioflavin T at 40uM and sodium azide to prevent
contamination at a concentration of 0.05% (w/v) were added to the wells. The
o synuclein monomers were pre-centrifuged for 30 min at 4 °C and an acceleration of
21130 g. To investigate the effect of inoculum on the acceleration of fibrillogenesis,
pre-treated a-synuclein aggregates were added (10 seconds at 50% power of Bandelin
SONOPULS HD 2070 ultrasonic homogenizer) when working out the method of
aggregation kinetics analysis. In other cases the fibrils were not pre-treated with
ultrasound. A glass bead about 3 mm in diameter was placed in each well to mix the
reaction mixture evenly. Up to 150 ul PBS buffer was added to the wells. The plate was
covered with a lid and the seam was sealed with Parafilm tape. Detection of aggregation
was performed at 37 °C using a CLARIOstar Plus multi-mode microplate reader (BMG
LABTECH). ThT fluorescence was excited by radiation at 448+10 nm and recorded at
483+10 nm. The duration of a single measurement cycle was 15 min, with orbital
agitation at 400 rpm for 30 s before each measurement.

In the subsequent analysis of the results for each reaction, we normalised the
fluorescence values by taking the minimum value in each repetition as zero and the
median fluorescence at the 'plateau’ stage, when the aggregation process ended, as one.
Then, for each reaction, we fitted the parameters of the following model (Figure 9)

[337]:

A —A
y=A4; +—50, (1)

14e dx

where Al and A2 are the initial and final fluorescence levels, x, is the half-
reaction time, dx is the inverse of the aggregation rate. Taking into account the selected

parameters we also calculated the lag-phase reaction time: lag = x, — 2dx.
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Figure 9. Schematic representation of a-synuclein aggregation Kinetics model
parameters. A — fluorescence growth curve of thioflavin T in two samples plotted
against initial values. B — Fluorescence growth curve of thioflavin T in two samples
plotted against normalized values. The main parameters of the model of aggregation
kinetics are indicated. A1 and A2 are the initial and final fluorescence levels, x, is the
time when the fluorescence reaches half of A2, dx is the inverse of the aggregation rate.
The lag-phase reaction time is calculated as lag = x, — 2dx.

2.7.5 Protein concentration measurements

Protein concentration was measured by absorbance at 280 nm, corrected for
scattering of the solution. The molar extinction coefficient value of 5120 M™ - cm™ was
used to calculate the a-synuclein concentration. Absorption spectra were taken with a
CLARIOstar Plus multi-mode microplate reader (BMG LABTECH) in an LVis plate
(BMG LABTECH).

2.8 Statistical analysis

All statistical processing and plotting was done using the R package v. 4.0.2
(2020-06-22) (The R Foundation for Statistical Computing). For data visualisation, the
package "ggplot2" [338] was used. Quantitative measures were compared using

Wilcoxon-Mann-Whitney test [339].
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2.9 Microscopy
2.9.1 Fluorescence microscopy

HEK293T cell cultures were analyzed in a 24-well culture plate 24 hours after
transfection using a Leica DMI6000 inverted microscope at the Centre for Molecular
and Cell Technologies, SPbU.

For the analysis of S. cerevisiae yeast cells, transformants were seeded into
selective medium and cultured until OD(600 nm) = 0.5 — 0.6. Then 1 ml cells were
collected by centrifugation at 5000 g for 1 minute, washed with water and harvested
under the same conditions. The precipitate was resuspended in 20 pl water. The cell
suspension was applied to a slide and covered with a coverslip. The preparations were
analyzed on an Axio Scope.Al fluorescence microscope with an Axiocam 506 color

camera (Zeiss).
2.9.2 Transmission electron microscopy

Copper grids (100 or 200 mesh) were covered with a formvar film (0.3% (w/v)
polyvinylformal solution in chloroform). Then 10 pl of the test solution was applied to
the meshes and incubated for 30 seconds, and the liquid was removed with filter paper.
To remove excess buffer, 10 ul of water was applied to the grid, which was then
removed with filter paper. Finally 10 pl of 1% (w/v) uranyl acetate solution was
applied, incubated for 30 seconds, and the remaining liquid was removed. Afterwards,
the preparation was further washed with 10 pl of water [340]. The preparations were
analyzed using a Jeol JEM-1400 electron microscope at the Centre for Molecular and

Cell Technologies, SPbU. Fibril length was measured using ImageJ software [341].
2.9.3 Polarized light microscopy

A bacterial colony of cells grown on Congo red medium was resuspended in
10 ul of water and applied to a slide and covered with a coverslip. The sample was
examined in transmitted and polarized light using a Leica DMI6000 inverted

fluorescence microscope (the Centre for Molecular and Cell Technologies, SPbU).
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2.10 Search for potentially amyloidogenic regions of NOS1AP

To identify the amyloidogenic site in the NOS1AP protein, we used ArchCandy
software [10]. The choice of the program was based on a series of articles
demonstrating its high accuracy compared to counterparts [10,342,343]. Using
ArchCandy, we searched for potential B-arcs in the NOS1AP protein (threshold value
0.575, without additional built-in filters). According to the original article [10], the
presence of at least one such structure indicates the ability of the protein to form
amyloid aggregates. We also analyzed the amino acid sequence of NOS1AP protein for
potential amyloidogenic sites using other algorithms such as Waltz [268],

AGGRESCAN [264] and FoldAmyloid [266].



231

3. RESULTS
3.1. Bioinformatics search for the region of NOS1AP responsible for aggregation

NOSI1AP protein was predicted as a potential amyloid using ArchCandy software
[10]. We performed bioinformatics analysis to identify the NOS1AP site contributing to
protein aggregation. As a result of this analysis, all the tools we used predicted an
amyloidogenic fragment in the N-terminus of the protein at positions 1-291. The central
region (amino acid positions 292-390) of NOS1AP and its C-terminal part (positions
391-506) are amyloidogenic according to Waltz and FoldAmyloid (Figure 10). Based
on our analysis, we hypothesized that the NOSTAP fragment 292-390 is amyloidogenic.
For the NOSIAP gene, two transcripts have been experimentally shown to exist, one
corresponding to the full-length protein and the other to its C-terminal region (starting at
295 amino acid) that captures the amyloidogenic protein fragment (see reviews
[277,278)).

We selected three NOS1AP sites for further analysis: 1-291, 292-390 u 391-506.
The selection of these sites was primarily based on the results of the ArchCandy
programme. For further work, pDONR221 series plasmids encoding sequences of these
fragments were obtained. These constructs were subsequently used to obtain expression
vectors for various model systems. All plasmids were verified by restriction analysis as

well as by PCR. A summary list of the plasmids used in this work is presented in Table
1.
1-201 292-390 391-506

1 |

1 N

| il
ArchCandy - I "
AGGRESCAN - .l W . EI ¥

0 100 2('30 360 4(I)O 560
Amino acid position

Waltz -
FoldAmyloid -

Figure 10. Potentially amyloidogenic fragments of the NOS1AP protein. Red
rectangles correspond to potentially amyloidogenic sites predicted by different
bioinformatic algorithms. Vertical black lines indicate three regions corresponding to
the fragments analysed in this work. Blue dashed lines indicate cysteine positions.
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3.2 NOS1AP and its fragments aggregate in different model systems

We used three model systems to study NOS1AP aggregation: the C-DAG for

bacteria, S. cerevisiae yeast cells, and human cell cultures.

3.2.1 Investigation of the amyloid properties of NOS1AP and its fragments in the
C-DAG system

The C-DAG system allows the rapid testing of amyloid properties of proteins
in vivo in bacterial cells. It can be used to detect the formation of amyloid aggregates
with a characteristic fibrillar morphology on the cell surface and to evaluate their ability
to bind the amyloid-specific dye Congo red. However, the method has disadvantages.
For example, it is difficult to examine large proteins in this system, which may be
difficult to export outside the bacterial cell [36,323]. Another problem could be the
toxic effect of the foreign protein on E. coli cells. Finally, the stacking of the protein
may be different to that of an organism that produces the protein in the natural
environment [344].

In the pVSGW plasmids used in the C-DAG system, the target protein is fused
with the sequence encoding the signal peptide of the CsgA protein (CsgAss). This
peptide is required to export the protein to the cell surface. Production of the chimeric
protein is under the control of the arabinose-inducible promoter. The pVSGW plasmid
was previously obtained in our laboratory and is a modification of the original pVS105
and pVS72 constructs [36]. For subsequent tests in the C-DAG system, we used the
original bacterial strain E. coli VS39 [36], which was transfected with the obtained
vectors. These cells also contain an auxiliary plasmid to overproduce the proteins
responsible for the export of CsgA to the cell surface. The corresponding construct is
under the control of a lactose promoter induced by isopropyl-B-D-1-
thiogalactopyranoside (IPTG). Transformants were cultured in liquid medium according
to the published protocol and seeded on the following set of media: selective medium
for plasmid conservation, medium with arabinose and IPTG for overproduction of test

proteins, and its derivative with the addition of Congo red dye. Cells carrying amyloid
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aggregates on the surface are stained red as a result of amyloid binding to Congo red.
The experiment in each case was performed for six independent transformants. The
results suggest that neither NOSTAP nor its truncated variants form amyloid aggregates
on the surface of bacterial cells. The colour of the colonies tested did not differ from the
negative control (Sup35M). Cells overproducing Sup35NM (positive control) stained

Congo red under the same conditions (Figure 11).

Arabinose and IPTG: + + -
Congo red: + - -

NOS1AP

Figure 11. NOS1AP and its fragments do not bind Congo red in the bacterial
C-DAG system. Photographs of the bacteria on different media on the third day of
growth at 37 °C are presented. FL is a full-length NOS1AP protein, the numbers
indicate the boundaries of the NOS1AP fragments taken in the assay. Sup35NM and
Sup35M were used as positive and negative controls, respectively [36]. Smaller white
colonies — colonies and altered plasmids — are visible against the larger colonies as the
system used lacks the repair system defects characteristic of laboratory strains used to
maintain plasmids.

One of the key properties of amyloid aggregates is their interaction with the
amyloid-specific dye Congo red followed by apple-green birefringence in polarized
light [29]. When bacterial colonies grown on medium with this dye were examined,

bacterial cells producing NOSIAP or its fragments did not show similar properties
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(Figure 12). Due to the negative results obtained, further tests in this bacterial system

were considered inappropriate. The experiment was carried out in three replicates.

POL BF

Sup35NM

FL

1-291

NOS1AP

292-390

391-506

Sup35M

— —— - -
. | o
,ﬁ-‘_ ¥ jl : - e
pe A__ o ¥ »
¥ Y
o~ 3 R A
. s -3 ¥ Sy

50 pm

Figure 12. NOS1AP and its fragments do not show apple-green birefringence in
polarized light. BF, transmitted light; POL, polarized light; FL, full-length NOS1AP
protein; numbers indicate boundaries of NOS1AP fragments taken in analysis.

3.2.2 Analysis of the aggregation of NOS1AP protein and its fragments in

S. cerevisiae yeast cells

The yeast S. cerevisiae is one of the most popular eukaryotic models for protein
aggregation studies [9,345-347]. This is why we used this model system in our work.
To investigate NOS1AP aggregation in yeast cells, we obtained a pAG416-EGFP-ccdB-

based vector set in which the production of chimeric proteins (NOSIAP, or its
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fragments fused to EGFP) is under the control of the constitutive yeast GAPDH gene
promoter (Table 1). We analysed the localisation of the proteins in the cells using
fluorescence microscopy.

According to the results obtained, NOS1AP and NOS1AP(1-291) form
aggregates in yeast strain 2-74-D694 (Figure 13). At the same time, the NOS1AP(292-
390) fragment, which is amyloidogenic according to ArchCandy (Figure 1), does not
form aggregates in these cells (Figure 13). We made the observation that
overproduction of the NOST1AP(391-506) fragment, which forms amorphous clusters in
cells, leads to an increase in cell size. It can be assumed that the C-terminal PDZ-
binding domain present in this fragment interacts with proteins with a PDZ domain.
Proteins with this domain are found in various organisms, including the yeast
S. cerevisiae [348]. This part of the protein is known to contain motifs required for the
interaction of NOS1AP with nNOS in human cells. It is likely that these sequences can
interact with some yeast proteins, which underlies the observed phenotype. The
experiment was performed in three replicates and at least 40 fields of view were

analysed.
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Figure 13. NOS1AP protein and NOS1AP fragment(1-291) form aggregates in
yeast strain 2-74-D694. Microphotographs of yeast cells of strain [pin] 2-74-D694
overproducing full-length NOS1AP protein (FL) or its fragments are presented
(NOS1AP fragment boundaries are indicated by numbers). BF, light transmitted; EGFP,
EGFP fluorescent signal.
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We transformed strains 74-D694 with constructs encoding NOS1AP(1-291) and
NOS1AP(391-506) (Figure 14). One of its features is the presence of prion [PIN']
(Rnql protein aggregates). It has been shown previously that the presence of [PIN']
factor can promote aggregation of some proteins in yeast cells [349]. We also used

isogenic strain 2-74-D694, which lacks [PIN "] factor (Figure 14).

NOS1AP

1-291 391-506
[pin] [PIN*] ‘ [pin] [PINT]

Do

Figure 14. The [PIN'] prion does not affect the aggregation of fragments 1-291 and
391-506 of the NOS1AP protein in yeast cells. Photographs of cells of strains
2-74-D694 ([pin’]) and 74-D694 ([PIN']) transformed with pAG416-EGFP series
plasmids in transmitted light (BF) and EGFP fluorescence (EGFP) are presented.
Numbers indicate the boundaries of NOSTAP fragments taken in the analysis.

The presence of Rnql aggregates in yeast cells according to our data does not
affect NOS1AP aggregation. In the Figure 14 shows the localization of
NOSTAP(1-291) and NOS1AP(391-506) fragments in cells with and without prion
[PIN"] for comparison. The experiment was performed in three replicates and at least 40

fields of view were analysed for each construct.

3.2.3 Analysis of the aggregation of NOS1AP and its fragments in mammalian cell

culture

Bacterial and yeast systems are convenient for investigating the amyloid
properties of proteins. But when working with human proteins, it does not allow for the

evaluation of processes occurring in the human body. Human cell cultures are a
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convenient subject for work in this case. The HEK293T line is relatively easy to
cultivate and transfect, so it was used in the first place.

Mammalian HEK293T cells were transfected with plasmids based on the pgLAP1
vector. This vector produces a construct encoding a protein of interest fused to the
fluorescent protein EGFP, and the construct itself is under the control of a strong
constitutive CMV promoter. The EGFP fluorescence was detected on a microscope
24 hours after transfection (Figure 15). Overproduction of NOSIAP as well as
NOSTAP(1-291) and NOS1AP(292-390) fragments leads to their aggregation in cells.
At the same time, the localization of NOS1AP(391-506) fragment in the cell is
indistinguishable from EGFP and, judging by microscopy, it does not aggregate. It is
worth noting that when NOS1AP, NOS1AP(1-291) and NOS1AP(292-390) proteins
were overproduced, cells became more rounded, which may indicate a toxic effect. This
observation is described and analysed in more detail in section 3.2.5. The experiment

was carried out in three replicates and at least 50 fields of view were analysed.

292-390 391-506
NOS1AP

Figure 15. NOS1AP protein as well as NOS1AP(1-291) and NOS1AP(292-390)
fragments aggregate in HEK293T cell culture. Pictures in transmitted light (BF) and
EGFP fluorescence (EGFP) are presented. FL is a full-length NOS1AP protein, the
numbers indicate the boundaries of the NOS1AP fragments taken in the assay. The
EGFP construct was used as a negative control.
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On closer inspection, one can note the different luminescence patterns of the
clusters of proteins tested (Figure 16), which could indicate the different morphology of
the aggregates.

FL 1-291 292-390 391-506 EGFP

NOS1AP

Figure 16. Distinct fluorescence patterns of the aggregates of the proteins analysed.
Photographs in transmitted light (BF) and EGFP fluorescence (EGFP) are presented. FL

1s full-length NOSIAP protein, the numbers indicate the boundaries of NOSIAP
fragments taken in the analysis. The EGFP construct was used as a negative control.

Similar results were obtained for the full-length NOSIAP protein and its

fragment NOS1AP(292-390) in IMR-32 cells (Figure 17), but due to the low

transfection efficiency of this line, no further experiments were performed with it.

EGFP

FL 292-390
Figure 17. NOS1AP protein and its fragment NOS1AP(292-390) aggregate in
IMR-32 cell culture. Pictures are presented in transmitted light (BF) and EGFP

fluorescence (EGFP). FL is full-length NOS1AP protein, the numbers indicate the
boundaries of the NOS1AP(292-390) fragment.
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3.2.4 Analyses of the detergent-resistance of NOS1AP aggregates

The presence of protein aggregates observed by fluorescence microscopy does
not unequivocally indicate that the protein in question is forming aggregates. The
SDD-AGE method [334], can be used to solve this problem by detecting aggregates as
well as investigating their resistance to detergents. f-Mercaptoethanol (BME) restores
disulphide bonds, which can lead to destruction of the tertiary and quaternary structure
of proteins. Therefore, BME can be used to convert a protein from an oligomeric to a
monomeric state. However, BME cannot serve as a universal agent, and its effect is
limited to the presence of disulfide bonds in a protein. Comparison of the size of protein
aggregates in samples with and without BME treatment suggests that disulfide bonds
are involved in the stabilization of these complexes.

Using the SDD-AGE method we found high molecular weight aggregates of
NOSITAP and its fragments 1-291 and 292-390 in HEK293T cells that are resistant to
SDS. These complexes appear to be stabilised by disulfide bonds as the addition of
BME resulted in the dissolution of these complexes (Figure 18).

A N 13‘3 X'c)‘()'e"' B
NOS1AP: FL Y 29 9 NOS1AP: FL
BME: — + — + — + — + BME: — +
Aggregates . Aggregates
Monomers Monomers

Figure 18. NOS1AP aggregates in yeast and in the HEK293T cell line.
A — SDD-AGE of protein lysates of HEK293T cells overproducing NOS1AP or its
fragments. Antibodies against NOS1AP (full-length protein) or (CGY)FP (fragments)
were used for detection. B — SDD-AGE with protein lysates of yeast cells with
NOSI1AP oveproduction. Antibodies to (CGY)FP were used for detection. "+" and "—"
indicate buffers with or without B-mercaptoethanol (BME), respectively.
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We also detected small aggregates of NOS1AP(391-506) that were not identified
by fluorescence microscopy. NOS1AP in yeast cells is present as dimers and small
oligomers resistant to SDS treatment (Figure 18). Thus, we can conclude that all
aggregates of NOS1AP fragments show the same sensitivity to BME. This coincides
with the distribution of cysteines in the protein; all fragments analysed contain such
residues (Figure 10). Taken together, our results show that NOS1AP can form SDS-
resistant aggregates upon overproduction in different model systems.

Given our data in the C-DAG system (Figures 11, 12), NOS1AP is probably not
an amyloid, but is capable of forming stable, detergent-resistant, high-molecular-weight

aggregates in eukaryotic cells (Figure 18).
3.2.5 HEK293T cell viability with NOS1AP overproduction

When analysing the morphology of NOS1AP aggregates in HEK293T cells using
fluorescence microscopy, it was observed that the cells change their morphology and
become more rounded (Figure 15). The cells remained alive as judged by trypan blue
staining (data not shown). Using the MTT test, we found that NOS1AP overproduction
decreased the survival rate of EGFP-producing cells relative to the control, EGFP-
transfected vector (pgLAPI) cells. The decrease in survival during NOSIAP
overproduction in HEK293T cells was comparable with that in cells overproducing
a-synuclein with an A30P substitution (aSyn(A30P)) (Figure 19). It is noted in the
literature that the formation of a-synuclein oligomers and fibrils with amino acid
substitutions is toxic to cells [350], so we used the construct with this protein as a

positive control.
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Figure 19. The survival rate of HEK293T cells with overproduction of NOS1AP is
reduced. Comparison of survival of HEK293T cells by MTT-test when transfected with
vector (pgLAP1), a construct encoding a-synuclein with A30P substitution
(aSyn(A30P)) and a construct encoding NOS1AP. * - p-value <0.05, according to the
Wilcoxon test.

3.3 Interaction of NOS1AP and its fragments with a-synuclein

3.3.1 Physical interaction of NOS1AP and its fragments with a-synuclein in
HEK293T cells

Since NOS1AP came to our attention specifically as a protein capable of co-
aggregating with a-synuclein, it was necessary to investigate their physical interaction.
It is worth noting that data on the interaction of these two proteins have only been
obtained by high-throughput proteomic screening [26], but no work has been performed
to confirm this.

Bimolecular Fluorescence Complementation (BiFC) [351] was used to investigate

the physical interaction of two proteins in HEK293T cell culture. In this case, the
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polypeptide chain of a fluorescent protein is split into two parts, each of which is unable
to fluoresce on its own. Upon reassociation, these fragments form a functional
fluorescent protein. This method is widely used to study protein-protein interactions.
The approach is based on the use of chimeric proteins in which each of the pair of target
proteins under study is attached to one of the two parts of the fluorescent protein. When
the target proteins interact with each other, a fluorescent signal is generated in the cell.
If there is no interaction between the two proteins of interest, the fluorescent protein
does not reassociate and gives no fluorescence.

Mammalian HEK293T cells were transfected simultaneously with two plasmids
based on pDEST-VI-ORF and pDEST-V2-ORF vectors, each encoding one of two
proteins of interest fused to half of the Venus fluorescent protein (V1 and V2) [352].
The constructs themselves are under the control of a strong constitutive CMV promoter.

Venus fluorescence was detected on the microscope 24 hours after transfection (Figure

20).

N 3

V1-NOS1AP
Vi V1-aSyn FL (1-291) (292-390) (391-506) \/1_NOS1AP
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Figure 20. NOS1AP protein and its fragments physically interact with a-synuclein
in HEK293T cells. Transmitted light (BF) images and fluorescence of the Venus
protein are presented. Cells are transfected with two constructs with parts of the Venus
fluorescent protein at once (V1 and V2).

Individual constructs as well as vectors with part of the fluorescent protein
without the target protein did not result in luminescence. The full-length NOS1AP

protein forms bright fluorescent clusters when interacting with a-synuclein (aSyn) in
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HEK293T cells, suggesting a physical interaction between the two target proteins and
also suggesting their coaggregation. In addition, it is worth noting that we used
reciprocal combinations of protein and fluorescent tag (V1 and V2) and obtained similar
results (data not shown). At least ten fields of view for each sample were analysed in the
experiment.

Physical interaction of the corresponding proteins with a-synuclein was also
observed with the constructs encoding NOS1AP fragments. Remarkably, a-synuclein
interacted not only with the full-length protein but also with each of the three fragments
studied (Figure 20). This is inconsistent with the assumption that there is a specific site
in the amino acid sequence of the NOS1AP protein responsible for interaction with a-
synuclein. In order to test whether the appearance of the fluorescence signal in the cell
is not the result of a non-specific protein interaction, several experiments can be
proposed. For example, paired with a-synuclein in the experiment take protein with
which it should not interact. At least there should be no data on their interaction.
Secondly, three constructs could be used simultaneously. Two of them, as in the
standard BiFC experiment, would encode two target proteins, each fused to half of a
fluorescent protein (for example, V1-NOSIAP and V2-aSyn). A third construct would
encode one of the target proteins, but without the fluorescent tag (just NOS1AP). If
NOSIAP and a-synuclein do physically contact, then V1-NOS1AP and unlabelled
NOSTAP would compete with each other when interacting with V2-aSyn, which would
be reflected in a reduced fluorescent signal compared to a sample with only two tagged

proteins, V1-NOS1AP and V2-aSyn.

3.3.2 Colocalisation of NOS1AP and its fragments with a-synuclein in S. cerevisiae

yeast cells

To investigate the interaction of NOS1AP proteins, as well as its fragments, and
a-synuclein, S. cerevisiae yeast cells were simultaneously transfected with two plasmids
based on pAG416GPD-EYFP and pAG415GPD-Cerulean vectors. In this system, two
target proteins are synthesised in the cell, one fused to the EYFP fluorescent protein and

the other to the Cerulean protein. The fluorescent protein pair EYFP and Cerulean is
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suitable not only for assessing protein colocalisation by microscopy but also for
evaluating the physical interaction of proteins of interest using the Forster resonance
energy transfer (FRET) method.

In yeast cells, the NOS1AP protein colocalizes with a-synuclein. Colocalization
of bright clusters was also observed for NOS1AP(1-291) and NOS1AP(292-390)
fragments (Figure 21). In the case of the NOS1AP(391-506) fragment, there was no
colocalisation, which is not consistent with the results obtained in HEK293T cells
(Figure 20). It is worth noting that we observed the effect of this fragment fused to
EGFP on yeast cell morphology (Figure 13). It can be assumed that this fragment enters
a specific cellular environment and interacts with some yeast proteins that prevent its
coaggregation with a-synuclein, noted in HEK293T cells. However, the fluorescent
proteins EYFP and Cerulean themselves, which are not fused to the target proteins, do
not form fluorescence foci and glow diffusely. At least 100 fields of view were analysed

for each sample.

YFP-NOS1AP
YFP YFP-aSyn FL (1-291) (292-390) (391-506)
CFP CFP-aSyn CFP-aSyn CFP-aSyn CFP-aSyn CFP-aSyn

BF

CFP

YFP

Figure 21. NOS1AP protein as well as its fragments NOS1AP(1-291) and
NOS1AP(292-390) colocalize with a-synuclein in yeast cell culture.
Microphotographs of yeast cells of strain [pin] 2-74-D694 are presented. BF,
transmitted light; CFP, Cerulean fluorescence; YFP, EYFP fluorescence; FL, full-length
protein; aSyn, a-synuclein.
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The work also examined a-synuclein variants with substitutions (A53T, AS3E,
A30P, E46K) for interaction with the NOSTAP protein. These substitutions result from
point mutations in the SNCA gene and are associated with hereditary forms of
parkinsonism [353]. Corresponding mutations were introduced into the pDONR221-
SNCA plasmid by site-directed mutagenesis. The mutant SNCA alleles were then
cloned into the pAG415GPD-Cerulean vector. An experiment to analyse protein
interactions in the yeast system was carried out similar to the previous one. According
to the data obtained, the proteins behave differently: as in the case of wild-type
a-synuclein, the protein with A30P and AS3E substitutions colocalizes with NOS1AP,
but for the other variants we observed no interaction between proteins (Figure 22).
We also observed that in some cases oa-synuclein and NOS1AP did not colocalise.

In particular, this was observed in the case of a-synuclein with an E46K substitution.
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Figure 22. NOS1AP protein colocalizes with wild-type a-synuclein and a-synuclein
mutants in yeast cell culture. Microphotographs of yeast cells of strain [pin’]
2-74-D694 are presented. BF, transmitted light; CFP, Cerulean fluorescence; YFP,
EYFP fluorescence; aSyn, a-synuclein; WT, wild type.
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3.4 Coaggregation of NOS1AP protein fragments with a-synuclein in vitro

To investigate the ability of the NOS1AP protein and its fragments to coaggregate
with a-synuclein in vitro, it was necessary to obtain large amounts of purified proteins.

The results of these preparatory steps are presented in sections 3.4.1 —3.4.5.
3.4.1 Extraction and purification of native a-synuclein

When recombinant protein was obtained in bacterial cells, it was observed that
when native o-synuclein was overproduced, large amounts of it were found in the
periplasmic space [336]. To isolate it, the authors used osmotic shock with high sucrose
buffer. Native a-synuclein was successfully generated, isolated and purified using the
method described above (Figure 23). Anion exchange chromatography was used in the
first purification step. Additional purification of the collected protein fractions was

carried out using gel filtration.
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Figure 23. Purification of native a-synuclein. Typical SDS-PAGE results for fractions
after purification of a-synuclein by anion exchange chromatography (A) and subsequent
gel filtration (B) are presented. M, protein marker of molecular weight; U, protein
fractions not bound to the sorbent; AN, elution fractions, where N is the sequence
number of the fraction. The line marks the fractions that were combined and used in the
work. Proteins were visualized using Coomassie blue staining.
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3.4.2 Aggregation of a-synuclein in vitro

Purified a-synuclein was used to produce aggregates under in vitro conditions.
It was incubated for 14 days at 37 °C (see section 2.7.1 for more details on the
methodology for obtaining aggregates). Using SDS-PAGE, it was shown how some of
the monomers were converted to an aggregated form, which was observed as a
difference in the amount of monomeric protein in the samples with and without boiling
(Figure 24, A). The resulting aggregates were fibrillar (Figure 24, B). These aggregates
were capable of binding ThT (Figure 24, C). In this way, we obtained samples of

amyloid a-synuclein aggregates.
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Figure 24. Preparation of a-synuclein fibrils. A — SDS-PAGE results of monomeric
protein and aggregates electron micrographs of o-synuclein fibrils. B — electron
micrograph of a-synuclein fibrils. C — Fluorescence spectrum of ThT in samples with
monomeric and aggregated a-synuclein. ThT fluorescence was excited by radiation at
450+16 nm and recorded in the wavelength range from 478410 to 600+10 nm.
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3.4.3 Isolation and purification of NOS1AP(292-390) and NOS1AP(391-506)

fragments

Before obtaining preparative amounts of proteins, we compared their level of
overproduction in different bacterial strains. Strains BL21(DE3), BL21(DE3)pLysS, T7
and Origami were transformed with constructs based on the pDest527 vector to produce
NOSITAP protein and its fragments (Figure 10). In these constructs, the sequence of the
protein of interest is fused to the 6xHis sequence. Unfortunately, the conditions for
efficient induction and isolation of the full-length NOS1AP protein and its fragment
NOSTAP(1-291) could not be selected. Comparative analysis of target protein
production levels was performed for strains encoding NOS1AP(292-390) and
NOS1AP(391-506) fragments. Trial induction of target protein synthesis resulted in the
selection of strain T7 for both fragments due to its high rate of biomass accumulation

and high level of protein of interest production (Figure 25).
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Figure 25. Induction of NOS1AP(292-390) and NOS1AP(391-506) fragment
synthesis in BL21(DE3), BL21(DE3)pLysS, T7 and Origami strains cells.
SDS-PAGE results of bacterial protein lysates are presented. Proteins were visualised
using Coomassie staining. Arrows indicate the expected size of target proteins: 13.9
kDa for NOS1AP(292-390) and 15.5 kDa for NOS1AP(391-506). M is a protein marker
of molecular weight.
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For a T7 strain transformed with a plasmid to produce NOS1AP(292-390) or
NOS1AP(391-506) fragments, culture conditions and induction of target protein
synthesis were selected. Cultures were grown at 37 °C until OD(600 nm) = 0.5. Then
IPTG was added to a concentration of 1 mM and the cultures continued to grow at 18
°C, 26 °C, 30 °C or 37 °C for 5 hours. Comparisons of the amount of protein after
induction resulted in a temperature of 26 °C being chosen. Both proteins were
subsequently purified by affinity chromatography (In the Figure 26 shows typical

results).
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Figure 26. Purification of NOS1AP(292-390) fragment. Results of SDS-PAGE
fractions after purification of NOSI1AP(292-390) by affinity chromatography are
presented. The gel was stained with Coomassie blue to visualise the proteins. M —
protein molecular weight marker; T — lysate applied to the column; AN — elution
fractions. The line marks the fractions that were pooled and used further in the work.

To investigate the ability of the amyloidogenic fragment NOS1AP(292-390) to
form aggregates in vitro, the purified protein was incubated at 37 °C on a rotator with
stirring "over the head". After 7 days, thioflavin T was added to the protein sample and
its fluorescence intensity was measured. According to our results, the NOS1AP(292-

390) fragment does not form aggregates capable of binding thioflavin T (Figure 27).
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Figure 27. NOS1AP(292-390) does not form thioflavin T-binding aggregates.
Fluorescence spectra of ThT in NOS1AP(292-390) fragment samples with a
concentration of 1 mg/ml before incubation and 7 days afterwards are presented.

3.4.4 Replication of the methodology for the analysis of a-synuclein aggregation

Kinetics in vitro

Aggregation of wild-type a-synuclein is a long process and can take several
weeks. When trying to reproduce this technique in plates, we encountered the problem
of sample evaporation, which led to an abnormal increase in thioflavin T fluorescence.
Subsequently, we were able to solve this problem by filling the peripheral wells as well
as the space between them with water. While refining the methodology for monitoring
the aggregation kinetics of a-syunclein, we tested various factors that could influence
aggregation: the method of mixing and the need to fragment pre-existing aggregates.

We collected thioflavin T fluorescence data every 15 min on a Clariostar (BMG)
plate reader. Then we calculated the parameters of a-syunclein aggregation kinetics
model described in section 2.7.4. These parameters were: x, — half reaction time,
dx — inverse of aggregation rate. Given the selected parameters, we also calculated the
lag-phase reaction time: lag = x, - 2dx. This allowed us to analyse the aggregation
process in more detail.

It has been described in the literature that the addition of glass beads accelerates

a-synuclein aggregation and increases the reproducibility of results [354]. We tested the
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possibility of using glass beads in our experiments. According to our data, this
modification of the technique significantly accelerates aggregation (Figure 28). Based

on these results, we retained this step of the protocol.
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Figure 28. The addition of glass beads increases the aggregation rate. The graphs
plot the values of the model parameters describing the aggregation process in different
samples: dx (parameter inverse of aggregation rate) and lag phase in minutes.
* — p-value <0.05, according to Wilcoxon test.

To assess the sensitivity of the technique we performed a series of a-synuclein
aggregation experiments with the addition of pre-derived protein aggregates. Increasing
the concentration of aggregated protein reduces the lag phase, and when 10% of the
amount of monomeric protein is added, the lag phase is completely absent, fluorescence

starts to increase steadily from the first cycles of measurements (Figure 29).
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Figure 29. The addition of pre-existing aggregates accelerates the aggregation of
a-synuclein. A plot of the change in ThT fluorescence during a-synuclein aggregation
is presented. The graph represents the values of three repetitions of the experiment.
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We also tested the effect of fragmentation of pre-existing aggregates on the
aggregation rate of a-synuclein. According to the results obtained, ultrasound treatment

has no effect on the aggregation process (Figure 30).
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Figure 30. Fragmentation of a-synuclein fibrils by ultrasound has no effect on the
rate of protein aggregation. A graph of the fluorescence variation of ThT during
a-synuclein aggregation is presented.

We chose the following protocol as optimal. Composition of the reaction mixture
in PBS buffer: monomeric a-synuclein 1.5 mg/ml, sodium azide 0.05% (w/v),
thioflavin T 40 uM. Monomeric a-synuclein after dissolution in PBS was centrifuged
for 30 min at 4 °C and an acceleration of 21130 g. The sample volume per well was 150

ul. A glass bead was added to each sample for better mixing

3.4.5 Coaggregation of NOS1AP(292-390) and NOS1AP(391-506) fragments with

a-synuclein

To evaluate the effect of NOS1AP(292-390) and NOS1AP(391-506) fragments
on the aggregation rate of a-synuclein, we calculated parameters of the a-synuclein
aggregation kinetics model described in section 2.7.4. The value of dx (the inverse of
aggregation rate) in a-synuclein aggregation is slightly different from that in a reaction

in which NOS1AP(292-390) monomers are present besides a-synuclein monomer. The
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lag-phase time increases slightly (Figure 31). In the case of co-aggregation of
NOS1TAP(391-506) and a-synuclein, the value of dx did not differ at all from the assay

with a-synuclein alone (Figure 31). The lag-phase time also slightly increased in this

case (Figure 31).
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Figure 31. NOS1AP(292-390) fragment monomers accelerate a-synuclein
aggregation but do not affect the lag-phase of this process. A — comparison of the
lag-phase parameter (given in minutes) of a-synuclein aggregation (aSyn), a-synuclein
with NOST1AP fragment(292-390) and a-synuclein with NOS1AP fragment(391-506).
B — Comparison of the dx parameter (value inverse of the aggregation rate) of
a-synuclein aggregation (aSyn), a-synuclein with NOS1AP(292-390) fragment and
a-synuclein with NOS1AP(391-506) fragment. * — p-value <0.05, according to
Wilcoxon test.

To estimate whether the addition of NOS1AP fragments affects the morphology
of a-synuclein fibrils, we counted the length of fibrils formed by independent
aggregation of a-synuclein as well as by coaggregation of a-synuclein with
NOS1AP(292-390) and NOS1AP(391-506) fragments. It was observed that co-
incubation with NOS1AP(292-390) and NOS1AP(391-506) fragments increased the
length of a-synuclein fibrils (Figure 32). Thus, we can assume that the studied NOST1AP
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fragments do interact with a-synuclein and also appear to stabilize its aggregates,

leading to the formation of longer fibrils
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Figure 32. Comparison of a-synuclein fibrils characteristics during incubation
together with NOS1AP fragments. A — Comparison of a-synuclein fibril lengths upon
single aggregation as well as upon incubation together with NOS1AP(292-390) and
NOSTAP(391-506) fragments. B — Electron micrograph of a-synuclein fibrils during
single aggregation as well as during incubation together with NOS1AP(292-390) and
NOS1TAP(391-506) fragments. * — p-value <0.05, according to the Wilcoxon test.
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4. DISCUSSION
4.1 NOS1AP aggregation

The search for proteins prone to aggregation is an important task, not only in
biology but also in medicine. Various serious diseases such as Alzheimer's disease,
Parkinson's disease, amyotrophic lateral sclerosis, type 2 diabetes and many others are
associated with amyloids. Most of these diseases are incurable and even fatal to
humans. Studying new amyloidogenic proteins as well as the possibility of
coaggregating already known amyloids is not only an important fundamental task in
biology, but also opens up new targets for targeted treatment of the related diseases. The
lack of detailed understanding of the molecular mechanisms of amyloid aggregate
toxicity is an important reason for the lack of effective therapy for these diseases. There
are hypotheses that link pathological effects to interactions between amyloids and other
proteins. Of relevance here is the concept of 'amyloid networks' or 'amyloid cascade'
found in relation to Alzheimer's disease, in which amyloid aggregation of at least two
proteins is observed: amyloid-f and tau [355,356].

Searching for potential human amyloids in vivo is often difficult due to the
difficulty of sampling material. This problem is particularly acute for brain samples.
Most discoveries of neurogenerative diseases have been based on histopathological
studies of postmortem brain samples. Amyloid-specific dyes have been widely used to
identify new amyloids. Congo red is considered the 'gold standard' for amyloid
identification, but there are also examples of staining for non-amyloid proteins [29,357].
To solve the problem of human tissue material selection, it is possible to apply
bioinformatic approaches to predict proteins prone to aggregation. A large number of
algorithms exist for such tasks [358]. According to our bioinformatic calculations, the
NOSTAP protein is amyloidogenic (Figure 10). In addition, NOS1AP can interact with
a-synuclein according to protem screening. Therefore, it seems logical to study samples
from people with synucleinopathies in order to identify NOSTAP in aggregates together
with a-synuclein. On the other hand, the process of their interaction may be temporary.

And even if the NOS1AP protein is indeed amyloidogenic and does interact with
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a-synuclein, it may not be present in sufficient amounts in patient samples if the
interaction between the two proteins was short-lived. Moreover, assuming a functional
role for NOSIAP aggregates, showing this directly in humans would be quite a
challenge. All this allows us to conclude that the study of proteins whose properties are
modelled by bioinformatics methods should begin with simpler models.

For the NOS1AP protein, neither its ability to oligomerise or aggregate, much
less its ability to form amyloid fibrils, has been described in the literature. There are
many methods for studying the amyloid properties of proteins, both in vitro and in vivo.
In this work, we used a variety of them. Thus, a relatively simple bacterial C-DAG
system was used. In it, the proteins we studied, both full-length NOS1AP and its
fragments, showed no amyloid properties (Figures 11, 12). However, these data cannot
be immediately extrapolated to humans due to both the completely different organism
and the limitations of the method.

A yeast eukaryotic model is often used to investigate putative amyloid proteins
[9,345-347]. In such a system, it is convenient to investigate the luminescence pattern
of fluorescent tags coupled to the proteins of interest using fluorescence microscopy. It
should be noted that microscopy alone is not sufficient to assess whether the protein in
question is in monomeric, oligomeric or amyloid fibrils. To answer this question,
additional studies are required. But there is also the problem of correct extrapolation of
the results obtained in the case of human proteins. In our case, we observed by
fluorescence microscopy that the full-length protein NOS1AP as well as its fragment
NOS1AP(1-291) are able to form clusters in yeast cells. However, the exact amyloid
nature of such clumps cannot be judged; therefore, additional studies are required. For
this purpose, we used the SDD-AGE method and found that full-length NOSTAP in
yeast cells is in the form of detergent-resistant oligomers, which, however, are sensitive
to BME (Figure 18). The latter may indicate that such aggregates are stabilized by
disulfide bonds.

In yeast cells, we observed that overproduction of the NOS1AP(391-506)
fragment leads to morphological changes in cells (Figure 13). This fragment contains a

C-terminal PDZ-binding domain that is able to interact with PDZ domain proteins to
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which NOSI belongs (Figure 33). Such proteins are also present in S. cerevisiae yeast
cells [348]. It can be assumed that this interaction leads to changes in cell morphology.
On the other hand, no such effect was observed for the full-length NOS1AP protein,
although its sequence also contains a PDZ-binding domain. This may indicate that it is
not always known how the studied protein will behave in a heterologous system where

the protein is absent in vivo.
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Figure 33. Domain organisation and proteins interacting with NOS1AP. Scheme of
NOSTAP domains. The proteins that interact with them are signed below the individual
sites: DEXRASI, Scribble and synapsins (synapsin I, II and III) bind to the PTB
domain; nNOS binds to the PDZ-binding motif; carboxypeptidase E (CPE) binds to the
CPE-binding domain (modified from [278]). Borders indicate the fragments used in this
work.

Mammalian cell cultures are one of the most adequate models for the analysis of
human proteins with potentially amyloidogenic properties. However, cell lines are more
often considered as in vitro systems. There are a large number of human cell lines with
different origins, cell types and other features. We chose the HEK293T line because it is
a very common and relatively easy model to work with. We also had in our arsenal the
IMR-32 line, the experiments with which had to be abandoned due to low transfection
efficiency. The line HEK293 (the precursor of HEK293T), derived from human
embryonic kidney cells, was long thought to represent fibroblasts, endothelial or
epithelial cells which are present in the kidneys. But it was later shown that this cell
culture has many of the properties of undifferentiated neurons [359]. However, in the

literature, HEK293 cells are more often referred to as non-neuronal cells. We observed
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in our work that in both IMR-32 and HEK293T, the full-length NOS1AP protein as well
as its fragment NOS1AP(292-390) form aggregates. The NOS1AP(1-291) fragment has
the same effect in HEK293T cells (Figures 15, 16 and 17).

Overproduction of full-length NOS1AP protein as well as its fragments
NOSTAP(1-291) and NOS1AP(292-390) affects mammalian cell morphology (Figure
15). It appears that aggregation of full-length NOS1AP is cytotoxic (Figure 19). In
contrast, only the NOST1AP(391-506) fragment alters the appearance of yeast cells
(Figure 13). We cannot yet offer a precise explanation for these differences. Perhaps
overproduction of proteins with functional domains to which NOS1AP belongs results
in disruption of cellular physiology. It is interesting to note that the NOS1AP(391-506)
fragment occupies the whole space of the cell as indicated by diffuse luminescence of
the EGFP tag and does not lead to morphological changes. But it is this fragment that
affects the morphology of yeast cells in which its production is also elevated.

Thus, we can conclude that full-length NOSIAP and its fragment
NOS1AP(1-291) form detergent-resistant aggregates in eukaryotic cells when
overproduced (Figure 18). This conclusion is based on the following key results. In
S. cerevisiae yeast cells, the investigated NOS1AP protein as well as its 1-291 fragment
form aggregates (Figure 13). In turn, in HEK293T cell culture, the aggregates form full-
length NOSTAP and its fragments NOS1AP(1-291) and NOS1AP(292-390) (Figure
15). Notably, the putative structured regions in the NOSIAP model fall within these
regions, whereas the NOS1AP(391-506) fragment falls within the unstructured region
(Figure 34).

It should also be added that not all known proteins with amyloid properties
aggregate in human cell culture. For example, in the human cell line HEK293,
aggregation of a-synuclein has a number of features. For example, small inclusions can
form in cells, but it is quite rare for them to be transformed into aggregates. Sometimes
overproduction of other proteins is required to enhance aggregation [360]. In the case of

NOSI1TAP in our experiments, it aggregated without additional influences (Figure 16).
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Figure 34. Three-dimensional structure of NOS1AP. Spatial structure of NOSI1AP
predicted using AlphaFold [361,362]. A — Spatial structure of NOSI1AP with the
regions taken into analysis in this work. B — Three-dimensional structure of the
NOSTAP protein with the validity for each residue (pLDDT) expressed as a value from
0 to 100. Some regions with a pLDDT below 50 may be unstructured.

We showed that NOSTAP and its fragments 1-291 and 292-390 can form stable
aggregates in yeast and/or mammalian cells. It should be added that in our work, protein
overproduction constructs were used in eukaryotic cells, which also does not allow us to
judge the behavior of this protein at normal levels of synthesis. However, it is worth
noting that elevated amounts of NOSIAP gene mRNA as well as the corresponding
protein have been reported in schizophrenia [22]. On the other hand, inactivation of
various proteins in aggregates of their functional partners has been shown in many
examples [13]. his suggests that NOST1AP aggregates are able to titrate nNOS, with a
possible reduction in the number of nNOS complexes with NMDA receptors, which
reduces NMDA-mediated calcium influx and deactivates the catalytic activity of nNOS.
Reduced activity of these receptors has been suggested to be associated with the
development of schizophrenia [311]. Thus, our data allow us to propose a new
molecular mechanism within the glutamate hypothesis of schizophrenia development

based on NOS1AP aggregation (Figure 35).
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Figure 35. Possible role of NOS1AP aggregation in the pathogenesis of Parkinson's
disease and schizophrenia. The black solid lines correspond to experimental results
and the dashed lines to hypothetical assumptions. The red arrows indicate the processes
and hypotheses that we suggest based on our results.

4.2 Interaction of NOS1AP with a-synuclein

The interaction of the NOS1AP protein with a-synuclein is only mentioned once
in the literature and is the result of a proteomic screening based on co-
immunoprecipitation followed by mass spectrometry [26]. However, no directed
validation of this interaction has been performed. That said, NOS1AP does not appear
in studies on protein-protein interactions of a-synuclein with partner proteins in
sinuleinopathies or schizophrenia [363,364]. Thus, we had the opportunity for the first
time to study in detail the physical interaction of NOS1AP with a-synuclein.

The bimolecular fluorescence complementation method is a fairly common way
to study protein-protein interactions in living cells. It is suitable for studying the
interaction of two target proteins. In a more sophisticated variant, the method can even
be extended to the study of three proteins. In this case, the FRET method based on BiFC

takes place [365]. But even when only two proteins are studied, it is possible to use a
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large number of controls, as there are theoretically eight combinations of constructs that
differ from each other, for example the N- or C-terminal location of the fluorescent
protein fragment [366]. Thus, care must be taken when obtaining fluorescent-tagged
proteins and interpreting the results. In our work, the NOS1AP protein and its fragments
NOSTAP(1-291), NOS1AP(292-390) and NOS1AP(391-506) were shown to interact
with a-synuclein in HEK293T cells (Figure 20), which we can judge by the detection of
fluorescent protein upon reassociation of its parts. This calls into question whether the
NOSITAP protein sequence contains a specific site responsible for interaction with a-
synuclein. It is possible that certain amino acid motifs with which a-synuclein interacts
are present in the sequence of all fragments. It is also conceivable that the NOSTAP and
a-synuclein proteins interact via some kind of mediator protein. However, this would be
possible in human cells. In yeast cells, we showed colocalisation of full-length
NOSIAP and its fragments NOS1AP(1-291) and NOS1AP(292-390) with a-synuclein
(Figure 21). This confirms the previous results, although it does not allow us to speak
with certainty about the physical interaction between the proteins in yeast cells.
Interestingly, different results are observed for NOS1AP and a-synuclein colocalisation
with amino acid substitutions (Figure 22). We can speculate that the A5S3T and E46K
substitutions of a-synuclein interfere with its interaction with NOS1AP. Data on such
interactions may be useful in light of the fact that a-synuclein variants with substitutions
themselves have different properties, such as aggregation rate and cytotoxicity
[353,367]. For a more detailed analysis, yeast lysates could be further examined using
FRET, which would speak directly to their interaction. Notably, in the case of the
NOSTAP(391-506) fragment, there is also a discrepancy in the experimental results in
yeast and human cell cultures (Figures 20, 21). It is possible that when this fragment
interacts with yeast proteins via the PDZ-binding motif, the probability of contact with
a-synuclein is reduced. Taking into account our data on human HEK293T cell culture
and S. cerevisiae yeast we can conclude that full-length NOSIAP as well as its
fragments NOSI1AP(1-291) and NOS1AP(292-390) interact with a-synuclein in

eukaryotic cells during overproduction.
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The coaggregation of two proteins during protein fibril formation is of great
interest from a fundamental point of view. Therefore, the study of the ability of
NOSTAP and a-synuclein proteins to coaggregate was an integral part of our study. In
in vitro experiments, we demonstrated that the addition of the NOS1AP(292-390)
fragment monomer accelerates the aggregation of monomeric a-synuclein (Figure 31).
We also observed the following trend. The addition of NOS1AP(391-506) fragments
increases the lag-phase time in a-synuclein fibrillation. When NOS1AP(391-506) and
a-synuclein are incubated together, no increase in rate is observed. It can be assumed
that the interaction of the two proteins occurs in such a way that the NOS1AP(391-506)
fragment does not prevent the elongation of a-synuclein fibrils by being attached to an
already formed oligomer or protofilament (Figure 36). This is probably a case of
coaggregation where two proteins interact in monomeric form, then one of the proteins
forms aggregates and the other remains specifically bound to it [13]. When
NOS1AP(292-390) monomer is added, however, the rate of a-synuclein aggregation
increases. It is possible that by binding to one a-synuclein molecule, the NOS1AP(292-
390) fragment is able to bind another (Figure 36, B). In this case, the
NOS1AP(292-390) protein bound to the a-synuclein fibril attracts other a-synuclein
monomers, thereby stimulating secondary nucleation.

It is also worth noting that the addition of NOS1AP(292-390) and NOS1AP(391-
506) resulted in longer a-synuclein fibrils than in the case of independent a-synuclein
aggregation, which may further indicate an interaction between the proteins studied
(Figure 32). A slight contradiction is observed: when both NOS1AP fragments are
added, an increase in a-synuclein fibril length is observed, but acceleration of
aggregation is observed only in the case of NOS1AP(292-390) fragment. It can be
assumed that coaggregation with NOS1AP(292-390) does not overlap the NAC region
of a-synuclein responsible for its amyloidization. Thus, it is possible that the
NOS1AP(292-390) fragments additionally ‘'attract’ monomers and oligomers of
a-synuclein to each other, which on the one hand accelerates its aggregation and on the

other hand promotes the stabilization and formation of longer fibrils (Figure 36, B).
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Figure 36. A suggested pattern of coaggregation of a-synuclein and NOS1AP
fragments. Scheme of possible interaction of NOS1AP(292-390) and NOS1AP(391-
506) fragments with a-synuclein during its amyloidization. A — process of formation of
a-synuclein fibrils during its self-aggregation, which includes such stages as primary
nucleation, elongation and secondary nucleation. B — process of formation of
a-synuclein fibrils upon addition of NOS1AP(292-390) fragment monomers. In this
case, NOSIAP fragments are able to bind to the formed fibrils, attracting other
a-synuclein monomers to them, thereby accelerating secondary nucleation. C — process
of formation of a-synuclein fibrils upon addition of monomers of NOS1AP(391-506)
fragment. According to this scheme, NOSIAP fragment monomers bind a-synuclein
monomers in such a way that the formation of a-synuclein oligomers is hindered, which
can lead to delayed primary nuclease formation.

In the case of the NOS1AP(391-506) fragment, we can assume that its monomers
just touch the NAC region of a-synuclein, which probably leads to some increase in the
lag phase of the reaction, but further a-synuclein fibrillisation proceeds without
significant rate changes. It can be suggested that the NOS1AP(391-506) fragment also
enables a-synuclein fibrils to 'strengthen' due to their longer length than in the case of

independent a-synuclein aggregation. It should be added that we also tried adding
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bovine serum albumin as a second protein as a control (data not shown), but this had no
effect on a-synuclein aggregation parameters.

Our findings have important biomedical significance because a-synuclein is a
known human pathological amyloid, and data on its physical contacts with another
protein may point to novel mechanisms of molecular processes leading to the
development of synucleinopathies. On the other hand, NOS1AP protein has been
associated with psychiatric disorders, mainly schizophrenia [23,24]. Thus, it is possible
to suggest that some human pathological conditions are interrelated if the participants in
their molecular mechanisms interact. In medical practice, cases of coexisting idiopathic
parkinsonism and schizophrenia have been described [12]. There is also evidence that
patients with schizophrenic spectrum disorders have an increased risk of developing
Parkinson's disease [368].

Our data on the interaction and co-aggregation of NOS1AP and a-synuclein
suggest a molecular mechanism underlying the co-existence of two socially relevant
pathologies: Parkinson's disease and schizophrenia. An increase in the local
concentration of a-synuclein in NOS1AP aggregates may contribute to its aggregation
and the development of synucleinopathies (Figure 35).

Parkinson's disease and schizophrenia are two neuropsychiatric disorders that
represent two extremes of the dopaminergic spectrum, where in Parkinson's disease
there is dopamine deficiency and in schizophrenia there is excessive dopamine activity
in the midbrain [364]. Simultaneous therapy of these disorders is complicated by the
fact that the drug treatment of each disorder has the opposite effect on dopamine levels
[369]. These cases suggest that the nigrostriatic and mesolimbic dopaminergic pathways
function independently, with the result that patients with schizophrenia are not
necessarily less likely than others to develop idiopathic parkinsonism as they age. Thus,
it is conceivable that aggregation of the NOS1AP protein and/or its coaggregation with
a-synuclein (and possibly other pathological amyloids) leads to destabilization of
neuronal NO synthase function, and consequently impaired NO formation, which can
result in the development of a broad spectrum of neurological and neurodegenerative

diseases.
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From another perspective, a mechanism based on a-synuclein modification may
also explain the relationship between Parkinson's disease and schizophrenia. It can be
assumed that increased production of NOSIAP leads to excessive nitration of cellular
proteins. Nitration is one of the possible oxidative mechanisms leading to the formation
of a-synuclein oligomers through dithyrosine 'cross-linking' [370]. Nitrated a-synuclein
is found in Levy corpuscles in brain samples of patients with Parkinson's disease
[227,371,372]. For example, soluble a-synuclein nitrated to Tyr39 binds inefficiently to
proteases, leading to a reduced rate of its degradation, accumulation and formation of
protein fibrils [373]. Thus, it can be suggested that overproduction of NOSIAP may
also lead to a-synuclein nitration and affect its aggregation (Figure 35). In this case, it is
worth mentioning a study in which, in mice, NOSIAP overexpression led to
significantly higher levels of phosphorylated, oligomerised and insoluble tau as well as
increased tyrosine nitration at position 29 (Tyr29) [25].

Thus, our work has shown that the NOS1AP protein and its fragments form
aggregates in mammalian cells. We were also able to show for the first time the
interaction of NOSIAP protein and its fragments with a-synuclein. Moreover, we
demonstrated that NOS1AP(292-390) monomers can accelerate o-synuclein

aggregation.
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5. CONCLUSIONS

The following conclusions can be drawn from the results obtained:

1. NOS1AP protein and its fragments form detergent-resistant non-amyloid
aggregates in yeast and human cells during overproduction.

2. NOSIAP protein physically interacts and coaggregates with a-synuclein in yeast
and human cells during overproduction.

3. NOSI1AP fragments affect the aggregation kinetics of a-synuclein.
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