doi 10.18699/bgrs2024-11.2-04

PHK-cBsi3bIBalomue ¢cBOiicTBAa MHOTO(PYHKIIMOHAJILHOTO OeJjIKa
NUCB1 u ero Bo3Mo:kHasi poJib B peryJsiiui TPAHCIAIUH

Kocrapesa O.*, Muxaitnuna A., Tumenko C.
Uncmumym 6eaxa PAH, [Iywuno, Poccus
* kostareva@vega.protres.ru

Kuouesbie ciioa: Hykineoounaus 1; NUCBI1; mukpo-PHK; perynsuus TpaHcisnuu

Momusayus u yenv: Hykneoounaun 1 (NUCB1) — xoncepBatuBHbIi Ca?*-cBA3bIBaIO-
it sykapuotuaeckuii 6enok. NUCB1 onmocpenoBaHHO BOBIIEUEH B PETYISALUIO0 MHO-
JKECTBa MPOLIECCOB B OPraHU3Me B pe3yJbTaTe ero B3aUMOACHUCTBHSI Pa3TNUYHBIMU MapT-
Hépamu: 6enkamu: Gai [1], Hsc70-interacting protein [2], APP [3]; nununamu [4]; JHK
[5, 6]. Ipeamonaraercs, uto JTHK-cBs3piBatomias aktuBHocth NUCB1 Moxer urpath
POJIb UHAYKTOPa ayTOMMMYHHBIX peakiuii [7]. beino nmokazano, uto NUCBI1 B kauectse
TPAHCKPHUIIIIUOHHOTO (hakTopa [6] NpUHUMAET y4acTUe B aKTUBAIMU SMTUTEITHATILHO-Me-
3eHXHUMAJIBHOTO Tepexo/a, CBs3bIBasch ¢ mocienoBateiapHocThio JTHK E-box cripto
npomotopa. HemaBao mbr BuepBeie mokazanu, uto NUCB1 crmocoben oOpa3oBhIBaTh
MPOYHBIE KOMIUIEKCHI ¢ HeKoTopbiMU MUKpOPHK uenoBeka, accolmnpoBaHHBIMY € pa3-
BATHEM CHCTEMHON KPACHOM BOTYAHKH U SIUTEIHAIEHO-ME3EHXUMATBHBIM IIEPEX0I0M
[8]. MBI mpennonaraem, uro B3anmoaericteue 6enka NUCB1 ¢ PHK umeer dhyrakmo-
HaJIbHOE 3HAYCHUE U MOXKET BIIHMSITH HA PETYIISIIUIO SKCIIPECCHH T€HOB HA YPOBHE TPaHC-
ssiun. Llensro HacTosIel paboThl ObLTO HUcciienoBanue poiau qoMeHoB NUCBI1 Bo B3a-
nmozericteun ¢ PHK.

Memoowt u ancopummur: beuto momyueno 5 pparmenror 6enka NUCBI, conepxarux
pasHble nmomeHbl Oenka, PHK-cBs3piBaromas crmocoOHOCTh TpEX (parMeHTOB ObLia
WCCIIEIOBaHA C TIOMOIIBIO0 METOA MMOBEPXHOCTHOTO Pe30HAHCA IJIa3MOHOB.
Pesynomamesi: NUCB1 o0pasyeT QpyHKIIMOHATBHBINA TUMEP U COCTOUT M3 HECKOJIBKHX
JOMEHOB: curHanbHbii nentun, JHK-cesaspiBarommii momes, Ca?*-cBS3bIBArOLIMIA
nomen (comepxut 2 EF-Hand motuBa) u neiinunoBas «3actéxka-monuus». NUCB1
ObLT BIIEpBBIE OOHapykeH Kak (akTtop pocra u nuddepeHnrpoBku B-kietox mpu
cucteMHol kpacHoi Bouanke (CKB) B kynbpType kieTok cenezeHku mbimm KLM1-7.
beimo mokaszano, yto NUCBI1 cnocoben B3ammopeiictBoBath ¢ TotanbHoi JIHK,
BBIJICJICHHOM M3 STOH KyJlbTyphl KieTok. Cucremarmueckue wunbekunn NUCBL
OPUBOIMIM K Pa3BUTHIO y MojeibHbiX juHui Mmbimeir (MRL/Ipr u MRL/n) CKB-
mo100HOTO 3a00JIeBaHus (MOSABJICHUE ayTOAHTUTEN K OJHO- U ABylenouyeunoit JJHK).
MyrantHas ¢opma NUCBI, immeHHas  NpenroIOKUTENBHBIX — yYacCTKOB
B3aumoneiicteusa ¢ JJHK (JAHK-cBs3piBaromuii TOMEH WM JICHIIMHOBAs «3acTEXKKa-
MOJIHHS»), HE CTHMYJHpoBana nossieHus antuten k JHK. Otu nanHble mo3Bonwim
npeanoyiokuth, uto JIHK-cBs3eiBaromas akrusHocth NUCB1 urpaet posib uHIyKTOpa
ayTOMMMYHHBIX peaknuii. Takum obpazom, s BzanmoneicTeus ¢ JJHK HeoOxoammbt
kak JIHK-cBs3pIBaromnuii JoMeH 6eka, Tak U JJOMEH JICHITHHOBAS «3aCTEKKa-MOJTHUS.
OpmHako, KakoBa pojib JOMEHOB Bo B3ammozeiicTtBuun ¢ PHK, no cux mop He OBLIO
nokazano. Mel monyunnun Tpu MmyrtantHele Gopmel NUCBI1, xoropwle conep:kanu
kanbiuii-cesa3eiBatonuii qomen: NUCBIAN (239461 a. 0., NUCBI1, aumennsiii JJHK-
ceaspiBaroniero gomena), NUCB1AZ (31-320 a. 0., NUCBI, numieHHsIii JTeHITHHOBOM
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«acTéxku-Monauny) u CaBD (228-326 a. o., comepxamuii TOJBKO KabIHii-
cszpiBaronuii fomeH). [lomnopasmepnsiii 6enok NUCBI1 u mytanTHbIe POpMBI Oeiika
OBLIH POy UPOBaHbI B KieTkax E.COli 1 ounIeHb! ¢ moMoIIp0 XpoMaTorpaduaeckux
MeTonoB. MytanTtHas popma 6enmka NUCB1AN Tak ke, kak TIOJTHOpa3MepHBIH OeToK,
¢dopmupoBana romoaumep, a mytanTabie Gopmel NUCB1AZ u CaBD npucyrcrBoBanu
B pacTBOpPE B BHJIE MOHOMEPOB H3-32 OTCYTCTBHUSI OMEHA JICHIIMHOBAS «3aCTEXKKa-
MonHU». MBI onpenenvian apQUHHOCTh B3aUMOJICHCTBHS BCEX MONYyYEHHBIX (OpPM
oenkxa ¢ PHK meTtomom moBepxHOCTHOTO pe3oHaHca mia3MoHoB (Tabm. 1). Ilokazano,
gro 6e10k NUCBI1 u ero myranTHble OpMBI 00J1a1aI0T BEICOKMM (HAHOMOJISPHBIM) U
crrenudraecknm cpoactBoM Kk PHK, B Tom unciie k mukpoPHK, accommmpoBanHOi ¢
pasButue CKB y uenoBeka. Takum 06pa3zom, OBLIO MOKa3aHO, YTO I B3aUMOICHCTBHS
¢ PHK nmocrarouen kanbumii-cBsizbiBatommii qomeH 6enka NUCB1. Oxgnako, HecMoTpst
Ha BOBJIEUEHHOCThH KaJIbIIMI-CBA3LIBAIOIIET0 JOMEHA, B3auMoaeicTeue 6enka ¢ PHK He
3aBHICETIO OT MPHUCYTCTBHUA MOHOB KaJbIIH B PACTBOPE.

Taoauua 1. Koncranter auccormarnyy kommiekcoB 6enka NUCBI1 u ero MyTtaHTHBIX (hopM €
PHK

PHK Kp, nM
NUCB1 NUCBI1AN NUCBI1AZ CaBD
miR-200a-3p 3.8+0.1 0.6 +0.09 0.3+0.01 52402
Omuro (C) B3aumonelicTBue HE IETEKTUPOBATIOCH
Ouro (A) 1.2+0.1 1.4+0.1 0.3+0.02 5.7+0.5
Omuro (U) 1.1+0.1 1.7+£0.3 0.4+ 0.03 0.2+0.04
Ommuro (G) 1.5+0.2 5.3+0.6 3.1+0.2 182+3

Jst Toro yTOOBI OLIEHNTH HeoOxoquMocTh yaactus CaBD Bo B3aumoseiicTBin Oenka ¢
PHK, mb1 co3nanu nBe MmytanTHBIE (hopMBI Oenka, He copepxkame CaBD — NUCB1
DBD (31-220 a. 0.) u NUCB1 LZ (328416 a. 0.). B Hacrosiiee Bpems Benércs
nccnenosanane PHK-cBs3pIBatomiet ciocoOHOCTH 3THX MYTaHTHBIX (opM.

Buisoowr: Tlokazano, uro kanbLuii-cBsa3piBaromuii qomeH 0enka NUCB1 nmocrarouen
st cBsi3biBaHus Oenka ¢ PHK, mpuuém, 3T0 B3auMOJCHCTBUE SBISICTCS KaJbIIUM-
HE3aBUCHMBIM. B nuTepaType omnmcaH TOJIbKO OAMH ciy4ail BoBiedeHHoctd EF-hand
MotuBa Oenka VILIP B cBsspiBanme ¢ PHK [9], HO 3TO B3anMozciCTBHE 3aBHUCHT OT
noHoB Kanbius. [To-euaumomy, 6enok NUCB1 y3naer PHK no yHukansHoMy, TIoka He
WCCJIEJOBAHHOMY, MEXaHH3MYy M MOKET OIOCPEIOBAaHHO YYacTBOBaTh B PETYJISAILIUU
tpancisiuu PHK nocpencrtBom B3aumonerictus ¢ MukpoPHK.
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Motivation and Aim: Nucleobindin 1 (Calnuc, NUCBL) is a highly conserved multi-
domain DNA- and calcium-binding eukaryotic protein. NUCBL1 is involved in the
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regulation of many processes via interactions with proteins: Gai [1], carboxyl terminus
of Hsc70-interacting protein [2], APP [3]; lipids [4], and DNA [5,6]. DNA-binding
ability is suggested to can play the role autoimmune reactions inductor [7]. It has been
shown that NUCBL is involved in epithelial-mesenchymal transition (EMT) activation
as a transcription factor through binding to the canonical enhancer box (E-box) sequence
of the Cripto-1 gene promoter. Recently we have shown that NUCBL1 is capable to form
high-affinity complexes with some of human micro-RNAs which are associated with
system lupus erythematosus (SLE) and EMT [8]. We assume that RNA-binding ability
of NUCBL1 has the functional significance and could be develop on gene expression
regulation at the translational level. The purpose of current study was investigation of
contribution of different NUCB1 domains to the RNA interaction.

Methods and Algorithms: Five truncated forms of NUCB1 protein have been produced
and RNA-binding ability for three of them has been estimated by surface plasmon
resonance technique.

Results: NUCB1 forms functional dimer and consists of several independent functional
domains: a signal peptide, a basic amino acid-rich DNA-binding domain (DBD),
calcium-binding domain (contains two Ca2+-binding EF-hand maotifs) (CaBD), a C-
terminal leucine zipper (LZ). NUCB1 was first found as B-cells growth and
differentiation factor in spleen cell culture KLM1-7 of SLE-prone mice. NUCB1 has
been shown to bind total DNA extracted from these cells. Systematic injections of
NUCBL1 into SLE-prone mice (MRL/Ipr u MRL/n) resulted in increased production of
anti-ssSDNA and anti-dsSDNA autoantibodies. Injections of mutant forms of NUCB1
lacked proposal fragments for DNA interaction (DBD and LZ) didn’t result in increased
production anti-DNA autoantibodies. Thus, one may assume a potential role of NUCB1
DNA-binding capacity as inductor of autoimmune processes. It was established that the
DBD and the LZ domain are important for DNA binding, but their involvement in
NUCB1 binding to RNA has never been shown. We obtained three mutant forms of
NUCBL1 all of which contains CaBD: NUCB1AN (239-461 aa, NUCB1, lacked DBD),
NUCBI1AZ (31-320 aa, NUCBL1, lacked LZ) and CaBD (228-326 aa, containing EF-
hand motifs). NUCB1 and its mutant forms were produced in E. coli cells and purified
using chromatographic techniques. The truncated forms NUCB1AZ and CaBD were
monomers due to the absence of LZ, whereas NUCB1AN formed dimers similarly to
NUCB1. We have defined affinity of all produced mutant forms to RNA by surface
plasmon resonance technique (Table 1). Apparently, all truncated NUCB1 variants
retained high (nanomolar) affinity for RNA. They are also bind RNA in specific manner,
including to micro-RNA associated with SLE in human. CaBD alone has been shown to
be sufficient for RNA binding. Calcium ions did not affect the binding of the truncated
NUCBL1 forms to RNAs.

Table 1. The Kp (hM) of complexes formed by the NUCB1 mutant forms with RNAs

PHK Kp, nM
NUCB1 NUCBI1AN NUCBI1AZ CaBD
miR-200a-3p 3.8+0.1 0.6 +0.09 0.3+0.01 52+0.2
Oligo (C) Not detected
Oligo (A) 12+0.1 1.4+0.1 0.3+0.02 57+0.5
Oligo (V) 1.1+0.1 1.7+0.3 0.4+0.03 0.2+0.04
Oumro (G) 1.5+0.2 53+0.6 3.1+02 182+3
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To estimate necessary of CaBD into RNA-interaction of NUCB1 we produced two
additional NUCB1 truncated forms lacked CaBD — NUCB1 DBD (31-220 aa) and
NUCB1 LZ (328-416 aa). We are studying their RNA-binding ability now.
Conclusion: Calcium-binding domain of NUCBL protein is shown to sufficient to the
interaction with RNA, moreover the interaction is calcium-independently. Only one
article is devoted to involvement of EF-hand motif of VILIP protein in RNA-binding
[9], but that interaction is calcium-dependent. Apparently, NUCB1 protein recognize
RNA using a unique, not yet studied mechanism, and could be involved in the regulation
of translation of mMRNAs via interaction with microRNAs.
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