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KAGEOPA TEHETUKU BUONOIMMYECKOIO ®AKYJIBTETA BI'y

JTabopaTopus MONEKynsApHON reHeTUKU YesioBeKa
TpaHCKpUNTOMMKA KNETOK KPOBU YerioBeka

HayuyHble nHTepech!I.

O CcTpyKTYypHO-OYHKUMOHaNbHaa opraHu3auma TpaHCcKpuntomMa
NENKO3HbIX U HOPMarbHbIX KIETOK KPOBW;

O petepmuHauma Hadana U OKOHYaHUA TpaHCcKpunuuu, a
TakKe KOHCTUTYTMBHOINO W anbTepPHaATMBHONO CchslancuHra
PHK B kneTkax reMornoaTnyeckoro nponCxXoXaeHus;

O BnnsaHMe reHoB-OpanBepOB JIENKO30reHe3a Ha CTPYKTYPHYHO

N (PYHKUMOHANbHYIO OpraHu3auuio TPaHCKPUNTOMa KreToK

reMono3TUYECKOrO NMPOUCXOXAEHWS;

NPOTEOreHOMMKa JIEMKO3HbIX N HOPMasibHbIX KNETOK KPOBY;

NMPUMEHEHNE BbICOKOMNPOU3BOAUTENbHbLIX WHCTPYMEHTanb-

HbIX METO0B aHann3a B TPAHCKPUNTOMUKE;

O BbluMCAUTENBHAA TPAHCKPUMNTOMUKA.

(.

Bacunuu B. NpuHes,
K.6.H., AoUEHT Kadeapbl
reHeTuku by
(e-mail: grinev_vv@bsu.by)
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KAGEOPA TEHETUKU BUONOIMMYECKOIO ®AKYJIBTETA BI'y

TpaHCKpUNTOMMKA KINEeTOK KPOBU YerioBeKa

NMpumepbl nyonukaumm.

O Tirtakusuma R., Szoltysek K., Milne P., Grinev V. V. et al. Epigenetic regulator genes
direct lineage switching in MLL/AF4 leukaemia. // Blood. — 2022. — Vol. 140, Ne 17. —
P. 1875-1890 (IF 25,476).

0 Radzisheuskaya A., Shliaha P. V., Grinev V. V., Shlyueva D. et al. Complex-dependent
histone acetyltransferase activity of KAT8 determines its role in transcriptional
regulation and cellular homeostasis. // Molecular Cell. — 2021. — Vol. 81. -
P. 1749-1765 (IF 19,328).

O Grinev V. V., Barneh F., llyushonak I. M., Nakjang S. et al. RUNX1/RUNX1T1
mediates alternative splicing and reorganizes the transcriptional landscape in
leukemia. // Nature Communications. — 2021. — Vol. 12(1) (IF 14,919).

0 Radzisheuskaya A., Shliaha P. V., Grinev V. V., Lorenzini E. et al. PRMT5 methylome
profiling uncovers a direct link to splicing regulation in human acute myeloid leukemia.
// Nature Structural and Molecular Biology. — 2019. — Vol. 26. — P. 999-1012 (IF 15,369).

O Ramanouskaya T. V., Grinev V. V. The determinants of alternative RNA splicing in human
cells. // Molecular Genetics and Genomics. — 2017. — Vol. 292. — P. 1175-1195 (IF 2,100).

O Grinev V. V., Migas A. A., Kirsanava A. D., Mishkova O. A. et al. Decoding of exon
splicing patterns in the human RUNX1-RUNXI1T1 fusion gene. // The International
Journal of Biochemistry and Cell Biology. — 2015. — Vol. 68. — P. 48-58 (IF 5,085).
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PABHOOBPA3UNE TEHOB 3YKAPUOT

eHbI, Koau- NeHbl Hekoaun- | MNceBpo-
Bcero
pyrowme 6enku | pyrowmx PHK reHbl

Homo sapiens 19869 42124 15204 77197
Pan troglodytes ﬁ 23534 9710 485 33729
Mus musculus n 21964 18004 13757 53725
Aquila chrysaetos 16118 845 89 17052
Varanus komodoensis 18098 592 82 18772
Leptobrachium leishanense g 29203 912 941 31056
Scophthalmus maximus 21263 12989 201 34453
Eptatretus burgeri 16513 733 - 17246
Drosophila melanogaster 13986 4054 340 18380
Ciona intestinalis 7 16671 455 27 17153
Caenorhabditis elegans 19985 24813 2128 46926
Saccharomyces cerevisiae ' 6600 424 12 7036

UcTouHuK:
Ensembl, Bbinyck 115, 2 ceHTsbpsa 2025 (https://www.ensembl.org/info/about/species.html)
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PASHOOBPA3UE PHK YEJTIOBEKA

PasHoobpasue Tunos PHK:
d kogupytowme PHK (211 475 Buaos);
O Hekogupyrowme PHK (298 156 Bngos).

Koanpyrowme PHK (pasmep ot 2 o 5 k6):
O wmatpuyHblie (MHpopmaumoHHble) PHK (206 094 Buaos);
O HekoTopble PHK-npoaykTel ncesgoreHos (5 381 BnaoB.).

Hekoaupyrowme PHK (pasmep ot ~0,02 oo 118 k0O):

ONnHHBbIE Hekoaupylowme PHK (191 378 BnaoB);

KopoTkue (Mmarnble) Hekogupytowme PHK (5 919 Buaos);

punbocomanesHble PHK (55 Buaos, Bkntovas 2 suga mutoxoHgpuanbHbix pPHK);
pnbo3umebl (8 BUOOB);

apyrve Hekoampyrowme PHK (100 796 sngos).

Doo00

Ctatuctuka npusegeHa no 49-my Boinycky GENCODE (ceHTsa6pb 2025 roga).

CmeHa napagurMbl B MONEKYNAPHOM OUMOMOrMK: TreHbl KoaMpylT 6enku K
NHAPACTPYKTYPHbIE/perynaTopHble HeTpaHcnmpyemble PHK, koTopble Heobxoaumbl Ans

3NUreHeTUYEeCKOro KOHTPONA TPaekTopun pa3BnUTUSA KIETOK.
Mo «Mattick JS. A Kuhnian revolution in molecular biology: Most genes in complex organisms
express regulatory RNAs. Bioessays. 2023 Sep;45(9):e2300080».
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PASHOOBPA3UE BEJIKOB HEIIOBEKA

PasHoobpa3ne 6enkoB YyenoBeka:

UniProtKB/Swiss-Prot (Bbinyck 2026_01, 28 aHBapsa 2026 roga) — 20 432;
Consensus CDS (Bbinyck 24, nocnegHee obHoBreHne 29 mapta 2026 roga) — 35 624;
GENCODE (Bbinyck 49, ceHTabpb 2025 roga) — 129 801,

NCBI RefSeq (Bbinyck 234, 16 mapta 2026 roga) — 136 282;

UniProtKB/TrEMBL (Bbinyck 2026 01, 28 aHBapst 2026 roga) — 184 832;

RCSB PDB (6 anpenst 2026 roga) — 188 048;

blastp nr (30 mapta 2026 roga) — 484 125 435.

pcooooop

NP_*

(67405)

I1Ba OCHOBHbIX Kflacca 6enkoB
yenoBekKa B 0a3e AaHHbIX
NCBI RefSeq (Bbinyck 234,

16 mapTa 2026 ropa)
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OOPMAJIN3ALNA MNMPOBJIEMbI

5’K3_I;I_-l/2 5’UITR MORF/CDS JUTR
LI | o |
A%G UAA, nnun U,%G, nnn UGA
smORF An
5UTR — 5’-HeTpaHCcNnpyembli PETNOH;
SMORF — Manas oTKpblTas paMKa CYUTbIBAHUS;
AUG — CTapTOBbIN KOOOH TpaHCnsaumu,
MORF — (rnaBHag) OTKpbITas pamka CYMTbIBaHUS,;
CDS — NocnegoBaTernibHOCTb, KogupytoLwasa 6enkoByro Mosekyny;
UAA, UAG, UGA - cTon-KogoHbl TpaHcnauuu,
3UTR — 3’-HEeTpaHCNNPYEMbIA PETNOH;
A, — nonu(A)-xBocCT.

OpraHusauua monekynbl Tunoson MPHK yenoBeka

MpmHes B. B. NpoTeoreHoMuKa KrneTok vyeroseka



OOPMAJIN3ALNA MNMPOBJIEMbI

®PparmeHT KOHK reHa SRSF10 (ENST00000492112):.
AGATGGCTAGGGTGTGGGTGAGGGGCAAAGGCAGGCTGAAAACACTGGAGAGACA
GGCCCAGCTCTGCGCAAGGGCACACACCTCCTTCCTTTACACACTCAATACAAGC ...

|1 200 400 600 800 |1 K 1,200 1,400 1,600 1,800 K 2,239

PacnpeaeneHue noteHuuanbHbiX ORFs
B PHK ENST00000492112 reHa SRSF10 yenoBeka

ORFhunteR — nakeT KOMMbIOTEPHbIX MporpamMmM, paspaboTaHHbIM COTPYyAHUKaAMMU
EenopyCCKoro rocygapCTBeHHOro yHVIBepCl/ITeTa n JItokceMByprckoro MHCTUTYTa 3,u,op0|3b;|

6 anpenﬂ 2026 roga nakeTt ckadaH 9622 pasa c penosntopusd Bloconductor |
[MakeT no3BonsieT TOYHO W ObICTPO UAEHTUDMUMPOBATL KOOpAMHATHI
OTKPbITbIX paMOK CYUTbIBaHMA B BonbLliom Habope monekyn PHK.

Bonee noapo6Ho:

Grinev V.V., Yatskou M.M., Skakun V.V., Chepeleva M.K., Nazarov P.V. ORFhunteR: an accurate
approach for the automatic identification and annotation of open reading frames in human mRNA
molecules. // Software Impacts. — 2022. — Vol. 12. — P. 1-4.
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®OPMAIJIU3ALUNA NMPOBJIEMbI

suORF

T
AAAAAAA
5-cap 5UTR mORF (CDS) 3UTR poly(A)-tail

suoOREF, ogt-of—frame

f 1]

O e e \ AMAAAA

suoORF, in-frame

A
i 1

*—__ AAAAAAA

sintORF, +1 or +2
I—Aﬁ

e s [\ AAAAAA

Pa3Hoob6pasune manbix ORFs B monekynax PHK yenoBeka
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OOPMAJIN3ALNA MNMPOBJIEMbI

Pa3Hoo6pa3Me noaxogoB JIOKarindaunmm OTKPbITbIX PaMOK CHUTbIBAHUA B

monekynax PHK yenoseka:
O 6uonHdopmaTndeckne nogxonbi:

noaxoabl, OCHOBaHHbIE Ha NCIMONb30BaHNN METOA0OB MALLUMHHOIO U FJ'Iy6OKOI'O o6yqu|/|;|;
noaxoAbl, OCHOBaHHbIE HA UCMONb3oBaHUK 6a3 MUKPOMNpPOTENHOB N MOJTHOPA3MEPHbIX benkos;
noaxoabl, OCHOBaHHblE Ha OLIEHKEe KOHCepBaTM3Ma nocriegoBaTenibHOCTEN OTKPbITbIX paMOK
CHNTbIBAHUA Y pa3HbIX BUOOB XNBbIX OPraHN3mMoB,

noaxoabl, OCHOBaHHbIE HA OLIEHKE 3-HyKJ'IeOTI/I,EI,HOl7I nepnogn4yHOCTH,

d akcnepuMeHTanbHble NOAXoabl:

noaxoabl, OCHOBaHHbIE HA MACC-CMNEKTPOMETPUMN,

noaxodbl, OCHOBaHHbIE HA NMNOCTPOEHNI AeHOPOorpamMmbl TPaAHCIALWNN,
noaxodbl, OCHOBaHHbIE HA MNMPOTEOIN€EHOMUKE,

noaxodbl, OCHOBaHHbIE HA pI/I6OCOMHOM HpO(bMﬂI/IpOBaHI/IM.

MpmHes B. B. NpoTeoreHoMuKa KrneTok vyeroseka



NMPOTEOIN'EHOMUKA

Proteogenomics is an area of research at the interface of proteomics and
genomics. In this approach, customized protein sequence databases generated
using genomic and transcriptomic information are used to help identify novel
peptides (not present in reference protein databases) from mass spectrometry
proteomic data, in turn, the proteomic data can be used to provide protein-level

evidence of gene expression and to help refine gene models.
Lintupyetcsa no Alexey |. Nesvizhskii, 2014 rog.

(Proteogenomics is t)he study of how information about the DNA in a cell or
organism relates to the proteins made by that cell or organism. This includes
understanding how genes control when proteins get made and what changes
occur to proteins after they are made that may switch them on and off.
Proteogenomics may help researchers learn more about which proteins are
involved in certain diseases, such as cancer, and may also be used to help

develop new drugs that block these proteins.
LinTupyetcs no National Cancer Institute.

OpHa 13 nepBbix 0606wWaLWmMX 0630PHbLIX CTaTen:
Nesvizhskii A.l. Proteogenomics: concepts, applications and computational strategies. // Nature
Methods. — 2014. — Vol. 11. — P. 1114-1125.
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NMPOTEOIN'EHOMUKA

Mynbtuomuka, mynstu-OMUKC (aHrn. multiomics, multi-omics, integrative
OmICS, «panomics» WNu «pan-omics») — corflacoBaHHOE MCMNOSib30BaHME
BbICOKOMNPOM3BOAUTENbLHbLIX ~ OMUKC-TEXHOMNMOMMK,  OXBaTblBalOWKMX  cpasy
HECKOJNbKO YPOBHEN MOSIEKYIISIPHON OpraHu3auumn KreTku, U MHTeNNeKTyarnbHoro
aHanusa 0onbLWKNX JaHHbIX OS5 CUCTEMHOIO N3YYEHUS XKUBbIX OPraHN3MOoB.

reHoMunKa

ANMMreHoMmnkKa

1OLIOMY XI990HNBLMAH
NHaodg

NnPOTEOMUKA

NHTerpaums
MynsTM-OMUKC gaHHbIX
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NMPOTEONEHOMUKA

Y

Collection of amino acids
sequences from NCBI RefSeq,
UniProtKB/Swiss-Prot &
Consensus CDS

Isolation of total

Assembling of partial
cellular proteins Rl'g

or fulHength RNA sequences

Filtering of the

Trypsin digestion &
= assemblad RI&A sequences

iodoacetic acid treatment

of total cellular proteins lopmentjolihe

non-redundant set of amino
acids sequences
In silico translation of the
Mass spectra acquisition assembled RMNA sequences
using Orbitrap Fusion Lumus
Tribrid mass spectrometer

Reference proteome

HGNC/UniProtkB based
annotation of amino

acids sequences Development of the

non-redundant set of amino

acids sequences
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HGNC/UniProtkB based
annotation of amino

Conversion of mass spectro-meter I
acids sequences

*.rawfiles to * L files

Combined proteome
for DIA-NN library-free
search

Library-free search
& output generation

Parsing & filtering of the
DIA-NN output

Cxema noucka

HOBbIX OeNnKoOB B
KrieTkax yerioBeka

DIA-NN search
Post-analysis

Development a list of expressed
amino acids sequences

O606LeHO Ha OCHOBE:

l'ysoBa E.B., lNaBpuukoB A.A., UnbiowéHok WN.H., PomaHoBckaa T.B., Jluxosey M.A., CkakyH B.B., Aukos H.H.,
lpuHeB B.B BrnusHue coxpaHSeMbiX WMHTPOHOB Ha Koaupylowwmin noteHuman monekyn PHK B NenkosHbIX KreTkax
yenoseka. // Bec. Hau,. akaa. HaByk benapyci. Cep. 6ian. HaByk. — 2025. — Tom 70, Ne 2. — C. 146-160.

l'ysoBa E.B., Jluxosey M.A., laspunukos A.A., TpycoB W.C., UnblowéHok W.H., PomaHosckass T.B., puHeB B.B.
NoeHTudrkauma HeaHHOTMPOBaHHbIX 6ErkoB B KMeTKax OCTPOro MMENOMAHOMO fenko3a YerioBeka C NOMOLLBI0 MYIbTU-
OMICS nogxoga. // MonekynspHasa u npuknagHasa reHetuka. — 2025. — Tom 39. — C. 112-125.
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NMPOTEOIN'EHOMUKA

BblOeneHve noaroTtoBka XWOKOCTHas
KNEeTOYHbIX OEnKoB obpasua benkos xpomarorpadus

KINeTKN

—>
o
BronHpopmaTnyeckmin nony4veHue 40 il MacCC-CNneKTpo-
aHanus nenTUaHbIX CNEKTPOB fﬁ“’?\ MeTpus

¥yl y2 y3 y4 y6 y7 y8 y9 yi0 yN

w/ufafL ol rfwfal ol
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0 2
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O6wan cxema metoga LC-MS/MS cnektpomeTpumn 6enkos
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NMPOTEOIN'EHOMUKA

npenckasaHHbIM 6enok KASPROT431954

KaHOHUYEeCKaA 4acCTb HEKaHOHN4YeCKaA 4acCTb

A A
[ I |

1 AK[ER{ANGMELDG‘ IRVDFSITK]RPHTPTPGIYIGRSPHVNSWCWRMWSFCYREINSDPTPIKLHS 66

rrrrrrrrrrrrrrr e e e
75 AKERANGMELDGRRIRVDFSITKRPHTPTPGIYMGR 110

n3BecTHbIn 6ernok NP_001230808.1
(transformer-2 protein homolog beta isoform 2)

npeackasaHHbin 6enok KASPROT450885

HEKaHOHNYEeCKaA 4aCTb KaHOHMN4YEeCKaA 4acCTb

A A
[ | |

1 RDALRKRKRIPKDRVVLGGRRREDVGGTKVGLLEKKKEVPAVPETLKRKRRNFAELKYMKRLRKKE 65

LErrrrrrrrrrrr e e
16 EKKKEVPAVPETLKKKRRNFAELKIKRLRKKE 48

n3BecTHbIN 6eriok EAW86999.1
(ribosomal protein L7, isoform CRA_a)

lMonck HOBbIX OefiKOB B KNneTKax YenoBeKa: KaK 3To paboTtaeTt?

MpmHes B. B. NpoTeoreHoMuKa KrneTok vyeroseka



NMPOTEOIN'EHOMUKA

Yto 3TO HamMm pnaer”?

ichonb3oBaHMe MPOTEOreHOMUKN Mpu  pelleHnn QPyHaaMeHTarnbHbIX W
NPUKNagaHbIX 3aga4 B OHKOremMaTosrioruum.

O n3yyeHne CTPYKTYPHO-PYHKLMOHANbHON OpraHM3aunmn TpaHCKpMnTomMa 1 npoteoma
NENKO3HbIX U HOpMaribHbIX KNETOK KPOBM;

MONCK OMarHOCTUYECKNX MapKepoB;

MOUCK HOBbIX TepaneBTUYECKNX MULLEHEN (HEOAHTUreHbl ANs UMMYyHOTEepanuu,
HOBble BGEeNnKoBblIE MULLEHW AN BbICOKOCENEKTUBHbLIX MOOYNATOPOB akTUBHOCTW);
NPOrHO3 OTBETA HA NEYEHUE;

NPoOrHo3 ncxoga 3abonesaHus.

(I O

MpmHes B. B. NpoTeoreHoMuKa KrneTok vyeroseka



NMPOTEOIN'EHOMUKA

Yto 3TO HamMm pnaer”?

cnonb3oBaHue NnpoTeoreHoMnkn npnm peeHnmn beH,aneHTaanbIX n
NPUKNagHbIX 3aAa4 B OHKOremMaTtoJsiorun.

MONCK OMarHOCTUYECKNX MapKepoB;
MOUCK HOBbIX TepaneBTUYECKNX MULLEHEN (HEOAHTUreHbl ANs UMMYyHOTEepanuu,
HOBble BGEeNnKoBblIE MULLEHW AN BbICOKOCENEKTUBHbLIX MOOYNATOPOB akTUBHOCTW);
NPOrHO3 OTBETA HA NEYEHUE;

NPoOrHo3 ncxoga 3abonesaHus.

(I O

MpmHes B. B. NpoTeoreHoMuKa KrneTok vyeroseka



NMPOTEONEHOMUKA

Yto 3TO HamMm pnaer”?

suORF

P
AAAAAAA
5.cap 5UTR mORF (CDS) 3UTR poly(A)-tail

suoORF, oyt—of—frame

i 1

O e s AN AAAAA

suoOREF, in-frame

A
f 1

‘-—__ AAAAAAA

sintORF, +1 or +2
l—l—l

O e e \ A AAAAA

sdoORF

I 1

O e s \NAAAAA

sdORF
(—1—\

| S——— e VY VYV YV

IanRF

I \

.a=AAAAAAA

Pa3HooOpa3une manbix ORFs B monekynax PHK yenoBeka

pnHeB B. B. lNpoTeoreHoMuka KneTok Yenoseka




NMPOTEOIN'EHOMUKA

Yto 3TO HamMm pnaer”?

Ensembl transcripts of UBE2M ATG

ﬁ CTG

Va
\

AT~

VYAV AN A AT AV A A 4
AR AN

\_T_I
UBE2M-202 = in-frame UORF

vsenzs [
UBE2M-204 .—éééél-él-éél

Bonee noapo6Ho:

AT~

<<~
UoeHTndpmkauma Hoson nsocopmbl 6enka
UBE2M ¢ yanuHeHHbIM N-KOHLIOM

UBE2M proteins

Amino acids
'] 5|0 190 ‘I?O 200 2§0
1
P61081 protein, 183 aa, 20.9 kDa
[
NH; = COOH
e
N-extended protein, 298 aa, 31.77 kDa
[P —
NH; = COOH

Significant structural elements of UBE2M proteins:
M — disordered region
I - UBC_2 core domain

lysoBa E.B., NaBpuukoB A.A., UnbiowéHok W.H., PomaHoBckaa T.B., Jlnxoeey M.A., CkakyH B.B., Aukos H.H.,
lpuHeB B.B BrnsHune coxpaHAemblX WMHTPOHOB Ha Koaupylwumn noteHuman monekyn PHK B NenkosHbIX KreTkax
yenoseka. // Bec. Hau. akag. HaByk benapyci. Cep. 6isan. HaByk. — 2025. — Tom 70, Ne 2. — C. 146-160.
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Intrinsically disordered proteins and biomolecular

condensates as drug targets

Mateusz Biesaga'?, Marta Frigolé-Vivas

Xavier Salvatella'?*

Abstract

Intrinsically disordered domains represent attractive thera-
peutic targets because they play key roles in cancer, as well as
in neL o] ative and They are,
however, considered undruggable because they do not form
stable binding pockets for small molecules and, therefore, have
not been prioritized in drug discovery. Under physiological
solution conditions many biomedically relevant intrinsically
disordered proteins undergo phase separation processes
leading to the formation of mesoscopic highly dynamic as-
semblies, generally known as biomolecular condensates that
define environments that can be quite different from the solu-
tions surrounding them. In what follows, we review key recent
findings in this area and show how biomolecular condensation
can offer opportunities for modulating the activities of intrinsi-
cally disordered targets
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This review comes from a themed issue on Next Generation
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For a complete overview see the Issue and the Editorial

https://doi.org/10.1016/].cbpa.2021.02.009
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Keywords
Intrinsically di proteins, Bi Free
energy landscape, Drug discovery.

Introduction
Protein domains that do not fold into well-defined
structures are said to be intrinsically disordered [1].

Available online at www.sciencedirect.com

NMPOTEOIN'EHOMUKA

Yto 3TO HamMm pnaer”?
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The conformations of this class of domains cannot be
represented by a single structure and are best depicted
by conformational ensembles that describe their strue-
tural heterogeneity [2]. The widespread nature of
intrinsic disorder and the often important functions of
intrinsically disordered domains challenge our under-
standing of how protein sequences encode biological
functions. It also represents a challenge for the ficld of
drug discovery because the tools used to target globular
domains with small molecules may not entirely suit
intrinsically disordered ones [3].

This class of domains can have a propensity to phase
separate into biomolecular condensates often formed by
liquid—liquid phase separation [4,5]. This phenomenon
leads to the formarion of dynamic mesoscopic assem-
blies, srabilized by a large number of weak transient
noncovalent interactions, that are liquid and generate
unique chemical environments [6]. Our understanding
of how biomolecular condensation may allow specific
functions to emerge is likely still incomplete: it is
nevertheless already clear that they can act as reservoirs
of primed inactive protein [7], as scaffolds to facilitate
protein—protein interactions [8,9], and as molecular
sieves to regulate molecular traffic through biological
membranes [10,11], among other functions [12].

It is thus natural that this phenomenon has raised sub-
stantial interest in the field of drug discovery, as
evidenced by the foundation of a number of biotech-
nology companies with this focus [13]. Indeed, under-
standing how small molecules partition in biomolecular
condensates and whether they can be used to madify
the composition, stabilities, rates of formartion, and
physical properties of these assemblies holds substantial
promise for challenging indications [14] and may allow
using small molecules to modify the activity of thera-
peutic targets currently considered mudrugeable.

The free energy landscape of intrinsically
disordered proteins

Free energy landscapes are useful to describe the
conformarional properties of intrinsically disordered
proteins and of the multimeric assemblies that they can
form [15]. They represent the free energy of the protein
as a function of its conformation and are usually plotted

Current Opinion in Chemical Biology 2021, 62:90-100
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Abstract

Intrinsically disordered proteins (IDPs) and biomolecular condensates are critical for cellular processes and physi-
ological functions. Abnormal biomolecular condensates can cause diseases such as cancer and neurodegenerative
disorders. IDPs, including intrinsically disordered regions (IDRs), were previously considered undruggable due to their
lack of stable binding pockets. However, recent evidence indicates that targeting them can influence cellular pro-
cesses, This review explores current strategies to target IDPs and biomolecular condensates, potential improvements,

and the challenges and opportunities in this evolving field.

Keywords |DPs, Biomolecular condensates, Drug design

Biomolecular condensates and IDPs

Biomolecular condensates are membrane-less organelles
or compartments within cells that undergo a process
known as liquid-liquid phase separation (LLPS) [1, 2].
These condensates are dynamic and may comprise dif-
ferent subcellular components such as nucleic acids,
proteins, and other biomolecules, thereby organizing
the intracellular environment and compartmentalizing
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cellular processes without the need for membrane-bound
structures [3]. Biomolecular condensates are responsi-
ble for coordinating complicated biochemical reactions
in a spatial and temporal manner [4-6]. Dysfunction of
phase separation, characterized by disruptions in the
intracellular liquid-liquid phase separation process,
encompasses several anomalies: the inability to execute
LLPS, where biomacromolecules such as proteins and
nucleic acids fail to spontaneously form high-concen-
tration condensates via multivalent interactions [7, 8];
impediments in transitioning between dense and dilute
phases, affecting biomolecule distribution and function
due to either excessively rapid or slow phase transitions
[9]; condensates aging into insoluble phases, leading to
protein aggregation and fibrosis as observed in neurode-
generative diseases [10, 11]; compromised stability and
dynamics of condensates, which are essential for accurate
cellular signal response and effective participation in bio-
chemical reactions [12]; and abnormal composition and
regulation of condensates, indicating irregularities in reg-
ulatory hani that alter densate composition
and size, thereby impacting their function [13].
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Bonee noapo6Ho:
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Bonee noapo6Ho:
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Grand roles for microproteins

Across all living species, proteins are
involved inmost cellular processes and

are ultimately the building blocks of cells,
tissues and organisms. Identifying and
characterizing all the protein-coding genes
hastherefore beenalong-standing questin
the life sciences. A class of small proteins,
known as microproteins (or sometimes
micropeptides or short/small open reading
frames (ORFs)) were initially undetected

or dismissed owing to their small size of
<100 amino acids. Studies by the Kageyama
group (Kondo et al.) and the Couso group
(Galindo et al.) were a major milestone in
expanding our definitions of what func-
tional proteins could be and doin the
context of animal development.

Although small ORFs had been identi-
fied in other systems since the 1990s
(Velculescu et al.; Olivasetal.), these two
studies converged on key findings for the
same polycistronic mRNA, previously

MVIKpOGQ.I'IKVI KaK BaXXHblé KOMIMNOHEHTbI
npoTeoMa KieToK 4YeJioBeKa

MpmHes B. B. NpoTeoreHoMuKa KrneTok vyeroseka

identified as anoncoding RNA in Drosaphila
melanogaster. First, theyidentified that

this mRNA encoded the shortest func-
tional peptides described to date = only 11
amino acids. These similar peptides were
transcribed froma gene called pri or tal,
were evolutionarily conserved, and were
arranged in polycistronic messengers.
Through meticulous genetic, cellular,
molecular and developmental phenotyping,
the studies identified that these micropro-
teins are required for F-actin assembly dur-
ing cell morphogenesis. Importantly, it was
proposed that the small size of the peptides
may facilitate their movement across the cell
membrane, perhaps in ways thatlarger
proteins would not be able to, to correctly
regulate F-actin biochemical pathways and
organization.

“mutations in short ORFs
... may hold a genetic key
to rare or uncharacterized
diseases”

By identifying functional roles for small
prateins encoded by short ORFs, these two
studies laid the foundation for continued
exploration of microproteins. Now, 17 years
after these publications, the field is primed
with new technologies and perspectives to
explore many open questions. Forexample,
thousands of putative microproteins have
beenidentified in animals — how, when,
and where are they functional, if at all? And
howmay altered physiological states, such
as cancer, ageing or stressed states, enable
ORFs tobecome transcribed and translated?
These questions are linked to the evolution
ofnewly arising or lost small ORFs, and how

they may contribute to the evolution of
novel cellular processes, states or types.

In the clinic, mutations in short ORFs
may have escaped patient DNA sequenc-
ing efforts, such that this broad category
may hold a genetickey to rare or unchar-
acterized diseases. Furthermore, protein
functions associated with small sizes may
inspire pharmacological approaches.
Finally, the recent awarding of the 2024
Nobel Prize in Chemistry for compu-
tational protein design highlights the
reciprocal interplay between understand-
ing protein structures and functions
that may exist in vivo and possible novel
protein designs for additional targeted or
unique functions. Thus, there is a growing
appreciation for what small proteins may
have yettoteachus.
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cnonb3oBaHMe MNPOTEOreHOMUKM Mpu  pelleHnn yHaaMeHTarnbHbIX W

NPUKNaaHbIX 3a4a4 B OHKOreMaTorsiormm:.

O nsyyeHmne CTPyKTYPHO-OYHKLMOHANBHOM OpraHM3auUmnmn TpaHcKpmMnToma 1 npoteoma
NENKO3HbIX N HOpMarbHbIX KNETOK KPOBY;

O nouck AnarHOCTUYECKUX MapKepOB;

U nporHo3s oTBeTa Ha NnevYeHune;
O nporHo3 ncxona 3abonesaHus.

MpmHes B. B. NpoTeoreHoMuKa KrneTok vyeroseka



NMPOTEOIN'EHOMUKA
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3KCI19pVIMeHTaJ1beIe MeToAabl NMMMYHOTEpParnmm OHKOJTOT'M4eCKUX

3aboneBaHNN YenoBeka:

MMMYHOMOAYNATopbl (aHrn. immune modulators);

MHIIMBUTOPBLI KOHTPOIbHBLIX To4YeK Makpodaros (macrophage checkpoint inhibitors);
MHIMBUTOPLI KOHTPOMbHLIX Todek T-numdounto (T-CPIs, ot anrn. T-lymphocyte
checkpoint inhibitors);

T-numdountbl ¢ XUMEPHBLIM aHTUreHHolM peuentopom (CAR-T, ot aHnrn. chimeric
antigen receptor T-lymphocytes);

EK-knetkm ¢ xmmepHbiM aHTuUreHHoiM peuentopomMm (CAR-NK, ot aHm. chimeric
antigen receptor NK cells);

bucneunduyeckne aktueaTtopbl T-numdoumtoB (BITES, oT aHrn. bispecific
T cell engagers);

bucneundmnyeckne aktmpaTopbl KUnnepHolx knetok (BIKES, oT aHrn. bispecific killer
cell engagers);

Tpucneundunyeckme aktuBatopbl KUNepHbIx knetok (TriKEs, ot aHrn. trispecific killer
cell engagers);

MONEKyrnbl nepeHauenueaHuss C ABOMHbIM  cpoactBoM  (DART, oT aHmm.
dual-affinity re-targeting molecules);

NPOTMBOONYXONEBbIE BaKUMHbI (@Hr. (anti)cancer vaccines).

o O 0O 0 O 0O 0O D00
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Tumor cell

ApanTupoBaHoO u3:
Keenan T.E. et al. Genomic correlates of response to immune checkpoint blockade. // Nature Medicine.
—2019. - Vol. 25. — P. 389-402. - DOI: 10.1038/s41591-019-0382-x
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Knaccbl n TMNbI aHTUreHOB OMNYXONEBbIX KNETOK:
0 onyxoneaccouunpoBaHHble aHTuredbl (TAAS, oT aHrn. tumor-associated antigens);

O onyxonecneunduyeckmne aHtureHol (TSAS, oT aHrn. tumor-specific antigens):
m MyTaHTHble TSAs (MTSAS, oT aHrn. mutated TSAS);
m 6enku oHKoreHHbIX BUpycoB (OVTSAS, OT aHrs. oncovirus TSAS);
m TSAs c abeppaHTHOWN akcnpeccunen (aeTSAS, oT aHrn. aberrantly expressed TSAS):
TpaHCNALMA KOPOTKMX ancneprnpoBaHHbix NoBTopos (SINEs aeTSAS);
TpaHCNAUMA OSIMHHBIX aucneprupoBaHHbix NoBTopoB (LINEs aeTSAS);
TpaHCNAUMS 3HAOreHHbIX peTpoaniemeHToB (ERES aeTSAS);
TpaHCcnAumMs coxpaHeHHbIX MHTPOHOB (RIs aeTSAS);
TpaHcnAuMa HeTpaHenmpyeMblx pernoHoB (UTRs aeTSAS);
TpaHcnAuma anvHHbIX Hekogupyrowmnx PHK (InNcCRNAs aeTSAS);
m TSAs, nopoxgaemble abeppaHTHbIM crnancuHrom (asTSAs, ot aHrn. aberrantly
spliced TSAs);
m TSAs, nopoxgaemble abeppaHTHbIMM MOCT-TPAHCASUMOHHBIMK  MOAUdMKaALNAMUN
(aptmTSAs, ot aHrn. aberrantly post-translationally modified TSAS).

HEOAHTUIEHbI
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Trusau |.S., Huzava K.V., Grinev V.V. Bioinformatics pipeline for assessment of the immunogenicity of pathogens
proteins and cancer neoantigens. // Com. Tech. Data Analas. — 2024. — P. 276-279.
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Treatment of relapsed or refractory 1t(8;21) AML with targeted
AML1-ETO neoantigen cytotoxic T cells (CTL).

ClinicalTrials.gov ID NCT06499025

Sponsor BGI, China

Information provided by BGI, China (Responsible Party)
Last update posted 2025-08-28

Brief summary:
0 to evaluate the safety and tolerability of targeted AML1-ETO neoantigen

cytotoxic T cells in the treatment of relapsed or refractory acute
myeloid leukemia;

U to evaluate the effectiveness of targeted AML1-ETO neoantigen cytotoxic
T cells by the complete response rate and overall survival followed.
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Yto 3TO HamMm pnaer”?

cnonb3oBaHMe MNPOTEOreHOMUKM Mpu  pelleHnn yHaaMeHTarnbHbIX W

NPUKNaaHbIX 3a4a4 B OHKOreMaTorsiormm:.

O nsyyeHmne CTPyKTYPHO-OYHKLMOHANBHOM OpraHM3auUmnmn TpaHcKpmMnToma 1 npoteoma
NENKO3HbIX N HOpMarbHbIX KNETOK KPOBY;

O nouck HoBbIX TepaneBTU4eCKnx MULLIEHEN (HeoaHTl/IreHbI A1 UMMYHOTEepanuu,
HOBblE BENKOBbLIE MULLEHU AN BbICOKOCEEKTUBHbIX MOOYINATOPOB aKTl/IBHOCTI/I);

O nporHo3 ncxona 3abonesaHus.
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MOFA (ot anrn. Multi-Omics Factor Analysis) mynstu-OMICS

AAaHHbIX OOJIbHbIX OCTPbIM MHUEeNongHbIM JIENKO30M.
NaeHTndmumpoBaHo 28 cKpbITbIX NepeMeHHbIX (12 ucKknYnTenbHO
NPOTEOMHbIX U 5 — TPAHCKPUNTOMHbIX), 5 noarpynn nauMeHToB,
ocobas noarpynna C-Mito
ApanTupoBaHoO u3:

Jayavelu A.K. et al. The proteogenomic subtypes of acute myeloid leukemia. // Cancer Cell. — 2022. —
Vol. 40. — P. 301-317.
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BMECTO 3AKITIOYEHUAL...
Y10 B CyXOM ocTaTKe?

KpaTko:

0 npoTteoreHomuKa, Kak ogHO 13 HanpassrieHun mynstu-OMUKC — aT0 noka oyeHb
OOPOro U CNOXHO;

L npoTeoreHOMMKa — 3TO AnarHocTuyeckad, TepanesTndeckas U nporHocTnyeckad
OCHOBa MNEepCOHNMUUNPOBAHHOMW OHKOremMaTosniormm cpegHe- W OONTOCPOYHOro
ByayLiero, no3sonswwWwas pelartb 3a4a4m BbICOKOrO YPOBHS CITOXKHOCTU;

O HauuoHanbHble MEepCcrnekTuBbl — WUCMOMNb30BaHME OONbLINMX MPOTEOre€HOMHbIX
OaHHbIX, OOCTYMHbIX Yepe3 NybsriMyHble penosnTopuun, Koonepauus ¢ Kosneramm
N3 3apyObeXHbIX HayYHbIX U MEeOMLUUHCKMX LEHTPOB, pasBUTME HaLUMOHaNbHOM
MaTepuanbHO-TEXHUYECKON, MeTOANYECKON U BUonHdopmMmaTmnyeckon 6asbl.
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