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Momusayus u yenv: Cucrema CRISPR/Cas9, mupoko wucmojp3yemas B KadecTBeE
WHCTPYMEHTA PEAaKTUPOBAHUS TEHOMA, MOXKET OBITh aJanTUPOBaHA JAJIS PETyJSIHUN
SKCHPECCUM T'CHOB ITyT€M AaKTHUBALUU WIM PENPECCUU TPAHCKPUIILUM, HW3MEHEHHUS
SMHUI'CHOMA, BU3YaJIU3alM1 TMHAMUKY TeHOMHBIX JIOKYCOB U IIOCTPOEHHS T€HETUIECKUX
cereit [1]. OgHako HamMuMe HECHEIM(DUUECKOTO CBSI3BIBAHUS SIBIISETCS CEPhE3HOM
MpOoOJIEMO, OTpaHIYMBAIOIICH MPUMEHEeHnEe CUcTeMbl [2]. B gacTHOCTH, pamroHah-
HBI JHW3aifH TEHEeTHYEeCKHX CXeM TpeOyeT TOYHBIX 3HAYeHWH IapaMeTpOB
B3anMmoeicTBuUi komiekcoB dCas9 ¢ nenessiMu caiitamu JTHK. Ilennio paboTsl ObLIO
nsyuenne B3ammojericteus dCas9-6enkor ¢ JIHK in vitro B 3aBucuMoOCTH OT psia
¢akropoB (mocnenoBarensHocTh JIHK, PHK, coctaB pactBOpmTens) m pa3paboTka
MOAX0J0B K omnrumusamuu cBs3bpiBanus dCas9-6enkos ¢ JHK mos  cosmadus
(YHKIMOHAIBHBIX TCHETHUECKUX 3JICMEHTOB.

Memoowl u ancopummbi: JKCIIEPUMEHTHI IPOBOJMIUCH HA OYHUILIEHHOM B XOJ€ JTaHHOU
paboter Genke SpdCas9. Iapamerpbl B3aUMOJCUCTBHS KOMIUICKCOB BBIYHCIISUIUCH
MyTeM H3MEpeHus moiisipuzanuu (ayopecueHnu B 384-TyHOUHBIX IUIaHIIETaX Ha
IUTAaHIIETHOM CKaHepe. Bo3MoxHOCTH CcOOpKHM MOIU(PHUHMPOBAHHBIX KOMILJIEKCOB
MPOBEPSUIM METOJOM IPOCBEUHBAIOLIEH 3JIEKTPOHHOW MHUKPOCKOIUHM C HETaTHMBHBIM
KoHTpacToM. [lns  wm3ydeHus: KoH(opmaimoHHOW — monBikHOCTH — apo-dCas9
WCTIOJIB30BAJIN KPUOIIEKTPOHHYIO MUKPOCKOIIHIO.

Pesynsmamur: Pazpabotan MeTo/ XapakTepH3alry IapaMeTPOB CBSI3bIBAHUS HA OCHOBE
W3MEPEHUsI MOJSIpU3auK (ITyopecIeHIINHI, ONITUMU3UPOBAaHHBIN s n3ydenus: dCas9-
6enxoB u ux kommiekco ¢ JIHK. Ha ocHoBe pa3paboTaHHOT0 MeTO/1a OBIITH U3MEPEHBI
KOHCTaHThI cBsi3biBanust KomiuiekcoB dCas-rPHK ¢ JTHK B ycioBusX pasiudHbIX
KOHIIEHTPAlMi OJHO- M JBYXBAJEHTHBIX HOHOB. Tak, MOKa3aHO, 4YTO MPUCYTCTBHE
WOHOB MapraHiia B HEOONBIINX KOHIIEHTPAIMSX CIIOCOOCTBYET YITYUIICHHIO COOpKH
komiutekcoB dCas9-rPHK ¢ JIHK, mockosbKy BbI3BIBAET JIOKAJIBHOE PACKPYYHBAHHE
JHK B PAM-o6nactu. OgHako MOBBIIEHUE KOHLEHTPALMK 3HAYUTEIBHO YXYALIAeT
CBSI3BIBAHUE, YTO OOBSCHACTCS M3MeHeHHeM KoHbopmaimu [IHK, npensrcrByromieit
cBsa3biBaHmio ¢ KomiurekcoMm ACas9-rPHK. Taxke OBUTO OXapaKTEPH30OBAHO BIIUSHHE
nocienosatensHocTn JJHK Ha Hecnenmnpuueckoe cBs3bIBaHNE AaHHBIX KOMIUIEKCOB U
MOKa3aHa IMpsiMasi 3aBUCUMOCTb OT KonudectBa PAM-caiiToB. B ciydae komrmiekcos
apo-dCas9 ¢ JIHK moka3aHO, 4TO B3aMMOJCHUCTBHE HOCHT 3JIEKTPOCTATHYCCKUI
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XapakKTep U 3aBHCUT OT COOTHOLICHUSI KOHIICHTPALIUH MTOJI0KUTEIBHBIX 3apsinoB B PAM-
B3anMoJieiicTByoIeM gomeHe Oenka dCas9 u orpunarenshbix 3apsiaos JJHK. Tak, npu
COOTHOIIEHHH 3apsAnoB l:1 mpomcxoauT oOpa3oBaHHE HEPACTBOPUMBIX arperaros,
cocrosimx u3 dCas9 m JIHK, uTo BaKHO y4WThIBaTH B aHajam3ax in Vitro. Taxxke
noiydyena ctpykrypa oenka dCas9 ¢ ynydiieHHbIM pa3penienneM B oonact Pl momena.
AHanm3 CTpyKTYypHl, TosrydeHHoi metogom CryoEM, mokaspiBaeT Hann4ne moABHKHBIX
nomeHoB (RECIII), uto cormacyercss ¢ MexXaHM3MOM CBsi3bIBaHUS Oenka. OmHako
HallM4Me OJIICKTPOHHOH IUIoTHOCTH B oOmactu Pl-momena roeopur o ero
KOH(pOpMaMoHHOH cTabmibHOCTH 1Mo cpaBHeHHto ¢ gomeHoM RECII. Ha ochose
JUTEPaTypHBIX AAHHBIX O HEIEJICBOM CBS3BIBAHHH MPEATI0KEH IOAXO0/ K TOBBIILICHUIO
CHeU(pUIHOCTH CBSI3BIBAHUS IIyTEM BBEACHUS JOMOIHUTEIBHOTO IUMEPH3AIIHOHHOTO
nomena B mocnenoBarenbHocth TPHK [3] u paccuntana sddextuBHOCTH COOpKH
Pa3IHYHBIX MOTU(DUIIMPOBAHHBIX KOHCTPYKIHH iN Vitro.

Buisoowr: [lpumenenne n pa3paboTka pa3IMIHBIX METOIOB KaK (PH3UKO-XMMHYECKOMH,
TaK M CTPYKTypHO# xapaktepusaimu cuctembl CRISPR/Cas no3Bosisitor pa3odparscest B
MexXaHU3Max HeleleBoro csa3piBanus Cas-6eakos ¢ JJHK.

Qunancuposanue: ViccinenoBanue monaepkano MHUHHUCTEPCTBOM HAayKH W BBICIIETO
obpasosanus Poccuiickoit ®eneparun (cormamenne Ne 075-15-2024-539).
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Motivation and Aim: The CRISPR/Cas9 system, widely used as a genome editing tool,
can be adapted for gene expression regulation by activating or repressing transcription,
modifying the epigenome, visualizing the dynamics of genomic loci, and constructing
genetic circuits designing genetic circuits [1]. However, off-target activity and non-
specific binding are significant issues that limit the application of the system.
Specifically, the rational design of genetic circuits requires precise values of the
interaction parameters of dCas9 complexes with target DNA sites [2]. The aim of this
work was to study the interaction of dCas9 proteins with DNA in vitro depending on
several factors (DNA sequence, RNA, solvent composition) and to develop approaches
to optimize the binding of dCas9 proteins to DNA for the creation of functional genetic
elements.

Methods and Algorithms: Experiments were conducted on the SpdCas9 protein purified
during this work. Interaction parameters of the complexes were calculated by measuring
fluorescence polarization in 384-well plates using a plate reader. The assembly of
modified complexes was checked using negative-stain TEM. Cryo-EM was used to
study the conformational mobility of apo-dCas9.
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Results: A method for characterizing binding parameters based on fluorescence
polarization measurements was developed and optimized for studying dCas9 proteins
and their complexes with DNA. Using this method, the Kd of dCas-RNA complexes
with DNA were measured under varying concentrations of mono- and divalent ions. It
was shown that the presence of manganese ions in low concentrations facilitates the
assembly of dCas9-RNA complexes with DNA by causing local unwinding of DNA in
the PAM region. However, increasing the concentration significantly impairs binding
due to DNA conformational changes that hinder interaction with the dCas9-RNA
complex. Additionally, the influence of DNA sequence on the non-specific binding of
these complexes was characterized, showing a direct dependence on the number of PAM
sites. For apo-dCas9 complexes with DNA, it was shown that the interaction is
electrostatic and depends on the ratio of positive charges in the PAM-interacting domain
of the dCas9 protein to the negative charges of DNA. At a charge ratio of 1:1, insoluble
aggregates consisting of dCas9 and DNA form, which is important to consider in in vitro
analyses. The structure of the dCas9 protein with improved resolution in the Pl domain
was also obtained. Analysis of the structure obtained by CryoEM shows the presence of
mobile domains (RECIII), which is consistent with the protein's binding mechanism.
However, the presence of electron density in the Pl domain region indicates its
conformational stability compared to the RECIII domain.

Based on literature data on off-target binding, an approach to enhance binding specificity
was proposed by introducing an additional dimerization domain into the RNA sequence,
and the efficiency of assembling various modified constructs in vitro was calculated [3].
Conclusion: The application and development of various methods for both
physicochemical and structural characterization of the CRISPR/Cas system allow for a
better understanding of the mechanisms of off-target binding of Cas proteins to DNA.
Funding: The study is supported by the Russian Ministry of Science and Higher
Education (grant No. 075-15-2024-539).

Cnucox aumepamypwi/References

1. Fadul S.M., Arshad A., Mehmood R. CRISPR-based epigenome editing: mechanisms and applications.
Epigenomics. 2023;15(21):1137-1155

2. Lazzarotto C.R. et al. CHANGE-seq reveals genetic and epigenetic effects on CRISPR-Cas9 genome-
wide activity. Nat Biotechnol. 2020;38(11):1317-1327

3. Cho S.W. et al. Analysis of off-target effects of CRISPR/Cas-derived RNA-guided endonucleases and
nickases. Genome Res. 2014;24(1):132-141

BGRS/SB-2024 507



