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Laboratory of Extreme Genomic
Conservation // JlabopaTopusi
nccnegoBaHNsa aKCTPEMasbHOW
reHOMHOW KOHCEPBaTUBHOCTM

Dmitry Korkin // Omutpuin KopkuH

The goal of this project is to study a recently discovered phenomenon of extreme
genomic conservation in eukaryotes. Genomic elements of extreme conservation are
DNA sequences that are exactly or nearly 100% identical (only a few base substi-
tutions are allowed) and are shared between three or more genomes. In 2004, hun-
dreds of elements were discovered in the syntenic positions across several mamma-
lian genomes and were named ultraconserved elements (UCEs). Later, the findings
were expanded to include UCEs shared between the original three genomes and
genomes from the tetrapod and arthropod species, as well as thousands of more
highly similar sequences that allow a few point mutations. In 2012, new elements of
extreme conservation were discovered: called Long Identical Multispecies Elements
(LIMEs), they represent a more general class of elements that do not necessarily
occur in synthetic regions of genomes. LIMEs were found conserved across six plant
species. Furthermore, new extreme elements were found in animal genomes shared
between human and five other species, including one in birds.

The origins of this mysterious phenomenon are yet to be ascertained: It has been
recently suggested that the ultraconserved non-coding regions in animals are under
significantly stronger purifying selection than the protein-coding regions, although
alternative hypotheses still exist. Similarly, little is known about the functions of these
elements. Many UCEs occur in non-coding regions; some of the UCEs are thought
to function as distal enhancers, transcriptional coactivators, splicing regulators, or to
associate with other regulatory factors. UCEs in exonic regions may be associated
with RNA binding and splicing regulation. The functional importance of the elements
is further complicated by several works, one that reported no detectable changes in
the phenotype of mice with several UCEs being genetically knocked out.

Recently, we have discovered yet a new class of ancient extremely conserved
elements. These elements are shorter than the previously discovered UCEs or LIMEs
but are conserved between human and more distantly related species, as far as jaw-
less animals, invertebrates, and even fungi. This unprecedented level of divergence
poses many interesting questions. In this project, we will aim to answer several of
them. For instance, we will try to understand if the evolutionary conservation implies
the population conservation by studying the ancient LIMEs across 1,000 human ge-
nomes. In addressing another question, we will look at the conservation of genes that
surround these elements to understand the extent of local synteny in these regions.
We will also try to understand the nature and evolutionary mechanisms behind the



appearance of multiple copies of the same LIME in different genomes. Lastly, we will
perform a comparative study across multiple eukaryotic genomes carrying near iden-
tical genomic regions (that is, regions that, unlike LIMEs, allow several substitutions).

During the course of the project, students will learn a number of bioinformatics
methods and databases, including Ensembl, 1000 Genome Project, UCSF Chimera,
BLAST, and others. Students with or without programming experience are welcome
to join.

OcHoBHas Lefb 3TOro NpoeKkTa - U3yunTb HEJABHO OTKPbITbI (hEHOMEH
3KCTPEMasbHON FrEHOMHOW KOHCEpPBaLMKM Y 9yKapuoT. ONEeMEHTbl 3KCTPeMasibHOM
reHOMHOW KOHCepBaTUBHOCTU - nocnegosatenibHocTy AHK, ngeHTnyHblie konmm
KOTOPbIX MOXHO HalTh B reHoMax Tpex 1 6onee BUOOB (XOTA MHOMAA B KOMMUSIX
[ONyCKalTCHa HECKOMbKO MyTauuii). Bnepsble aTOT heHOMEH Obl1 OTKPbIT B
2004 rogy, korga 661 OTKPbITbl COTHU 9KCTPEMASIbHbIX 3/IEMEHTOB, UMEIOLLNE
NOEHTUYHbIE KONUW B TPEX FreHOMaX MIEKONUTAIOLLMX. DTN y4aCTKM FEHOMOB
ObINIM Ha3BaHb! YNIbTPAKOHCEPBATUBHbLIMI 3nieMeHTamMu (ultraconserved ele-
ments, UCEs). [No3gHee, 66111 HaAeHbl yNbTPakoOHCEPBATMBHbIE 3NIEMEHTbI,
KOTOpble COXpaHANMCL 3a npegenamy n3HavasibHbIX TPEX FreHOMOB 1 HaxoAUCh
B reHoMax gpyrux BuaoB 4YeTBepoHorux (tetrapodes) n Hacekombix. Takxe 6biin
HanAeHbl TbiCA4M NocrefoBaTeNlbHOCTEN, COXPaHEHHbIX B FreHOMax YeTBEPOHOrnxX
C TOYHOCTbIO [0 HECKOJBbKMX TOYEYHbIX MyTauuin. B 2012 rogy Hawa rpynna
OTKpbI1a HOBbI KNacc 9KCTPEMaibHO KOHCEPBATMBHBIX 91EMEHTOB, KOTOPbIE Mbl
HasBanu OnvHHble VigeHTnyHble MexxBrpoBble dnemeHTol (Long Identical Multi-
species Elements nnu LIMEs). LIMEs npepncTtasnsitoT cobon 6onee obLumin knacc
KOHCepBaTMBHbIX 3/1EMEHTOB, T.K. B oT/mdne ot UCEsS oHW He 06a3aHbl HaXO4MTbCA
B CUHTETUYEeCKINX pervoHax. MNepsoHavansHo LIMEs 6biniv HaaeHbl B reHoMax
wecTtun Bugos pacteHun. Opyraa rpynna LIMEs 6bina HageHa B reHomax 4enioBeka
N eLle NATW XXUBOTHbIX, BKJTHOYas FeHOM NTULbI.

Mpupopa aTon 3aragovHoro peHoMeHa HesicHa [o cux nop. Hanpumep,
y4yeHble npegnonaratT, YTO HEKOOUPYHOLLME YNbTPaKOHCEPBATMBHbIE YHaCTKN Y
>KMBOTHbIX HAXOOATCS Nog ropasno 6osee CUNbHbIM AaBieHNneM 0Tbopa, HeXxenu
KOAVPYIOLLME YHaCTKM - HO, B TOXE BPEMS, CYLLIeCTBYIOT 1 afibTepHaTUBHbIE
rmnoTesbl. TakXke Hem3BecTHa U DYHKLMS YIbTPaKOHCEPBATUBHbIX 3/1IEMEHTOB.
MHoruve ynbTpakoHcepBaT/BHbIE 3N1IEMEHTbI HAXOOATCS B HEKOAMPYIOLLMX yYacTKax,
HEKOTOpble, BO3MOXXHO, (DYHKLIMOHNPYIOT KaK 3HXaHCEepbl, Apyrne MoryT SBNSTbCS
TPaHCKPUMNLMOHHbIMM KOaKTMBaTopamu, TPETbU MOMYT perynnpoBaTb CNAANCUHN Un
BbINOJIHATb KaKyo TO OPYTYIO PErynsLMOHHYI0 (DYHKLMIO. DNEMEHTbI, HANAEHHbIE B
3K30HHbIX y4acTkax reHoma, MoryT cBsa3biBaTbes ¢ PHK 1 yyacteoBath B perynauum
cnnancuHra. @yHKUMoHaneHas BaXXKHOCTb 3/IEMEHTOB CTaHOBUTCS elLle 6onee
CIIO>KHbIM BOMPOCOM B CBETE HECKOMbKUX HEAaBHMX paboT. B ogHom 13 Takmnx
paboT aBTOPbl HE OBHAPY>XXUNN N3MEHEHNIN (DEHOTMMNA B MbIWax, y KOTOPbIX Obinin
HOKayTNPOBaHbl HEKOTOPbIE U3 YNIbTPAKOHCEPBATMBHbIX 9/IEMEHTOB.

HepasHo Hawa nabopartopusi OTKpblna eLle OauH KNnacc aKCTpemMansHo
KOHCEepBaTVBHbIX 9/IEMEHTOB. DTN 3NeMeHTbI kopoue, Yem LIMEs nnn UCEs, ogHako
NX KOHCEPBATMBHOCTb ropasfo rnybxe: af1eMeHTbl HangeHbl B reHOMax YenoBeka,
MAEKoNMTaLWmMX 1 ropasfo 6onee ganekmx BUOOB, BKIKOYas YetoCTHOPOTbIX,



6ecno3BOHOYHBIX 1 gaxke rpnbos. B cBsasm ¢ atum 6ecnpelefeHTHbIM YPOBHEM
KOHCEepPBAaTMBHOCTW BO3HUKAIOT HOBbIE MHTEPECHbIE BOMPOCHI O NMPUPOoLE 3TUX
351eMeHTOB (Mbl HasBanu ux “gpesHune LIMES”). B aToM npoekTe Mbl nocTapaemMcs
OTBETUTb Ha HEKOTOPbIE U3 HUX. BO-NepBbIX, Mbl NOMbITaeMcs y3HaTb, cnegyeT
N U3 9BOJIOLMOHHON KOHCEPBATUBHOCTY 3N1IEMEHTOB UX NOMNYAALMOHHAsS
KOHCepBaTMBHOCTb, UCMONb3YS AaHHble U3 npoekTa «1000 eHomMoB» (YenoBeka).
Lpyroi NHTEePECHbIN BONPOC 3aK/I0HaETCs B U3YYEHUN JIOKANTbHOW CUHTEHNM C
MOMOLLIbIO NCCe00BaHNS, Kak COXPaHSAETCs IoKanbHas apxmuTekTypa reHoma
BOKPYI 3TUX 9/IEMEHTOB B pa3Hbix Buaax. Mbl Tak>Ke nomnbITaemMcsi NOHATbL NpUpoay
1 3BOJIOLMOHHbIE MEXaHU3MbI MOSABMIEHNST MHOIOYUCEHHbIX KOMUA OO4HOro 1 TOro
>Ke 3KCTPeMasibHOro 3/1eMeHTa B pasHblX y4acTKax OgHOro U TOro XXe reHoma.
HakoHeL, Mbl NpOBeAeM CpaBHUTESbHbIV aHANN3 NOYTU MAEHTUYHBIX Y4acTKOB
KoHcepBaTnBHoCTU (MpepcTaBbTe cebe LIMES, KoTopble [onycKaroT HECKONbKO
MyTauui B HEKOTOPbIX N3 FEHOMOB).

B TeueHue Bcero npoekTa yyactHukn LUMTB nosHakomMaTcsa ¢ pasnnyHbiMuy
B1onHMopPMaTMHECKMM NPOrpamMMamMin, anroputmamm 1 6azamm faHHbIX, BKOYast
Ensembl, 1000 Genome Project, UCSF Chimera, BLAST, u gp. NpoekT 6ynet
NHTEepeCceH Kak ANsi LWKObHMKOB C OMbITOM NPOrpaMMMpOBaHuns, Tak 1 s Tex, KTo
He MMEeEeT Takoro onbITa.



Laboratory of Transposons //
JlabopaTtopusi TpaHNO30HOB

Jose Luis Garcia Perez //
Xoce Jlyuc Napcwua lNepec

It is remarkable that the human genome contains fragments of DNA (termed
Transposable Elements) that can move from one place to another within our ge-
nome. Because of their mobility, Transposable Elements can generate mutations
in our genomes. In the “Transposable Elements” laboratory at the School, we will
conduct experiments to understand and visualize how stretches of DNA or RNA
can move in our genome, using cultured human cells as model system. Briefly,
we will use genetic assays in cultured cells to visualize and quantify how often
a Transposable Element can move in our genome. We will test how the cellular
environment, influenced by our daily human habits, affects the frequency of Trans-
posable Element mobilization. To this aim we will test potential inhibitors and acti-
vators of retrotransposition in our model system. Furthermore, we will purify parts
of the protein machinery of Transposable Elements, in order to search for cellular
interactors (host factors) required for retrotransposition.

OpHVM 13 NHTEepecHEeNLWNX 0OHEKTOB reHOMa YesioBeKa SBNSATCS Tak
HasblBaeMble TPAHCMO30Hbl — 3JIEMEHTbI, CMOCOBHbIE CAMOCTOSATENIBHO MEHSATb
CBOE& MOJI0XXEeHNE B reHoMe. 3Ta MOBUITIbHOCTb MOXKET CIY>XXUTb MPUYNHON
MyTauun. B Hawen nadopatopum Ha LLIKone Mbl NpoBenéM SKCNEPMEHTbI Mo
Budyanusaumn nepemelteHns JHK- n PHK-MobunbHbIX 91EMEHTOB MO reHoMmy,
NCMOMb3ys B KAYECTBE MOOESIbHON CUCTEMbI KYJbTYPbl YENTOBEYECKNX KITIETOK.
Vicnonb3yst MeToAbl MOMEKYNSIPHON FEHETUKUN, Mbl CMOXKEM OLEHUTb, CKOJb
4acTO TPaHCMNO30HbI CNOCO6OHbLI MEPEMELLLATLCS B YENTOBEHECKOM reHoMe. Takxke
Mbl N3Y4YMM, KaK KJIETOUHOE OKPY>KEHMNE BNNSAET HA MOBUIbHOCTb TPAHCMO30HOB
— 0191 3TOr0 Mbl NMPOTECTUPYEM B HaLLEN MOAENBHOM CUCTEME MOTEHLUMANbHbIE
WNHMMOUTOPbI 1 aKTUBATOPbl TPAHCMO30HOB. HakoHeL,, Mbl O4YMCTVM U BbIAENUM
OTOEeNbHbIE KOMMOHEHTbI 6€/TKOBON «MaLLUHEPUN», OBCNY>XXMBaIOLLIEN
TPaHCMNO30HbI, YTOObI HANTK KJIETOYHbIE (TaK Ha3bIBAEMbIE «XO3SNCKNE»)
hakTopbl, HEOOXOAMMbIE O PabOThl TPAHCMO30HOB.



Laboratory of Comparative
and Functional Genomics //
JlabopaTopus cpaBHUTENBLHON
N PYHKLNOHANBHOW FrEHOMUKM

Mikhail Gelfand // Muxaun "enbtaHg

The lab will continue working in traditional areas, bacterial comparative genomics
and functional genomics of eukaryotes. Some problems are (self-contained) parts of
our ongoing projects at lITP, Skoltech and EMBL; others are small independent proj-
ects that, dependent on the results, may be continued after the school. We do not
require knowledge of programming; however, some programming experience may
allow you to proceed faster.

+ Laura Avino Esteban plans to compare evolution of proteins that form homod-
imers and heterodimers (the former are parts of complexes consisting of identical
subunits, the latter form complexes with other proteins).

+ Anna Kaznadzey will analyze high throughput data on protein-DNA binding
in order to determine what proteins bind to DNA as heterodimrs. To do that, she will
compare data on direct DNA binding and data on total binding, including indirect
binding as complexes.

+ Zoe Chervontseva wants to study bacterial operons of ribosomal proteins,
that is, what genes not related to the ribosome occur in these operons, and why.

To do, she will analyze evolution of these operons in a variety of bacterial taxa. Her
other problem is analysis of leader peptides of tryptophan operons. Textbooks say
that genes of encoding peptides serve only a regulatory role, and their products are
immediately degraded. However, our colleagues at the Justus Liebig University in
Giessen have noted, that in at least some bacteria these peptides have a specific
function. This needs to be looked at.

- Olga Sigalova and Alexandra Galitsina have two projects. One is to study
how the three-dimensional structure of chromatin changes during development of
drosophila embryos and to understand whether it is linked to the regulation of tran-
scription. The other project is based on published data. A recent paper described a
deep neural network that has predicted DNA motifs for many human transcription
factors. The goal is to use the parameters of the trained network to see what it has
learned about interaction of transcription factors, and to compare it with transcrip-
tional network constructed using other types of high throughput experiments.

We also plan to closely collaborate with the lab of Maria Tutukina. And - to repeat
—one can do a project in our lab with no prior programming experience.

Kak 1 B npoLunblie roabl, nabopartopusi 6yaeT pabotatb B TPaOULMOHHBIX
Onsi cebsi obnacTax — CpaBHUTENBHON FreHOMUKE BakTepuii U (PyHKLMOHAIbHOW



reHoMuKe aykapuoT. HekoTopble 13 3agad nabopaTopun SBASKOTCS COCTaBHOM

(HO camoCTOSATENBHOW) YaCTbIO TEKYLLIMX MPOEKTOB HalMX Npenogasartenel B
UMM, EMBL n CkonTexe, opyrue xe siBNSOTCS HEOONbLUMMU CaMOCTOSTENbHBIMU
npoeKTamu, KOTopble, B 3aBMCUMOCTU OT Pe3ynbTaToB, OyAyT NPOOOIKEHbI U Noche
WwKosbl. [Ans paboTbl B nabopaTopumn He TpebyeTcs yMeHUe NporpaMmMmnpoBaTthb,
OfHaKO B HEKOTOPbIX 3afadvax faxke HebonbLOW HaBbIK B NPOrpaMMrpoBaHmm
No3BONUT OABUraTbCs YyTb ObICTPEE.

+ Jlaypa ABuHbO AcTebaH nnaHMpyeT CpaBHUTL IBOIOLMNIO 6ENKOB,
0o6pasyloLLmMx rOMOAMMEPDI U reTEPOAMMEPSI (B MEPBOM Clyvae OTAe/NbHble
MOJEKY bl OOHOMO 1 TOro Xe 6enka 06pasyroT KOMMNEKChI, BO BTOPOM — MOJEKY /b
pasHbIX 6enKoB). ITO ByAET aHMOA3bIYHbIA MPOEKT.

+ AHsa KasHap3seii OyfoeT cpaBHMBaTb MacCcoBble AaHHble MO CBSA3bIBAHUIO
6enkos 1 [HK ¢ uenbto onpepenntb, kakme 6enkun ceasbiBatotcs ¢ JHK B Buge
reTepoaMMepoB. [11s 3Toro oHa ConocTaBuT OBa BrAa SKCNepUMEHTasbHbIX
OaHHbIX, Mo aHanu3y Toro, kakue 6enku cesasaHbl ¢ JHK HenocpeacTBEHHO Unu
Yyepes napTHepa 1 No Tomy, kakme MoTuebl B [IHK 3T 6enkun y3HatoT.

+ 3085 YepBoHLUEeBa X0O4eT N3Y4nUTb ONEPOHbLI PUBGOCOMHbIX B6EIKOB B reHOMax
6akTepuii, TO4YHee, MOCMOTPETb, Kakune reHbl, He CBsi3aHHble C prGOCOMON, B HUX
BCTpeyvaroTcs, 1 noyemy. [1na aToro Hago 6yaet nccnenoBaTh 9BOSOLMIO 3TUX
OMepoHOB B pasHbix rpynnax 6aktepuin. Bropon ee 3agaden 6ygeT nccnenosatb
NaepHble NenTuabl TPUNTOMaHOBbLIX ONEPOHOB. B yuebHrKax HanncaHo, YTo reHbl
3TUX NENTUAOB HY>XHbl TOSIbKO AN perynsaumm onepoHa, a cam nentug TyT Xe
pasnaraetcs. OgHako Haww konnern n3 Yunsepcuteta KOcTyca Jlmbura B ['ncceHe
oBHapy>Xunu, 4To No KparHen Mmepe y HEKOTOPbIX 6akTepuin 3TOT NenTug MeeT
caMoCTosTeNbHYO (OyHKLMIO. B aToM Hapo pasobpartbces.

+ Onbra Curanosa n Cawa ManuubiHa NnaHnpyoT caenartb ABe 3agaqn.
OpHa 13 HUX — NOCMOTPETb, Kak MeHsieTCcs NpocTpaHcTBeHHas cTpykTypa OHK
npu passuTnn Apo3odusibl 1 NONpPoboBaTh NOHATL, CBA3AHO NN 3TO C Perynsumnen
paboTbl reHoB. BTopas — B3aTb pe3ynbTaThl HegasHO onybankoBaHHOM paboThl,

B KOTOPOW Mpu NOMOLLIM HENPOHHOM ceTn Bbinn HargeHbl [JHKoBble MOTMBbI Anst
60NbLIOro Yncna perynsTopoB TPAHCKPUMLMKN YeoBeka, MOCMOTPETb, YTO aTa
CeTb Bblyynna npo B3anmopencTame hakTopos, U CONOCTaBUTb 3TO C TEM, YTO
N3BECTHO NPO CETU TPAHCKPUMLNOHHBLIX B3aMOAENCTBUN U3 APYrMX MacCOBbIX
9KCMNEPVIMEHTOB.

MbI Takxe 6yaem TECHO COTpyaHU4YaTb ¢ naboparopuen Mawm TyTykmHon. B
3akJ/loyeHe NOBTOPYM, YTO B HALLMX NPOEKTaxX MOXHO y4acTBOBaTb, U HE Mes
onbiTa NPOrpaMMMpPOBaHKsI.



Evolutionary Immunogenetics Lab //
JlabopaTtopus 9BOAOLMOHHOW
NMMYHOIEeHETMKN

Jacek Radwan // Auek PagBaH

Highly polymorphic Major Histocompatibility Complex (MHC) genes, discov-
ered in the context of graft rejection, code for proteins involved in presentation of
pathogen-derived antigens to the immune system. Due to selective pressure from
ever-changing pathogens, MHC genes evolve under positive selection, i.e. selection
that favors amino-acid substitutions resulting in novel MHC proteins. Novel MHC
alleles should replace old ones, which should lead to fast allele turnover within pop-
ulations. Yet, some MHC alleles are often more similar to alleles in a different species
than to other alleles segregating within the same species — so-called ‘trans-species
polymorphism’. On that basis, it has been inferred that MHC allelic lineages are main-
tained over long evolutionary times, but this is obviously hard to reconcile with strong
positive selection.

Recently, it has been suggested that positive selection facilitates introgression of
MHC alleles between hybridizing species. This predicts that allele sharing will be ob-
served between species that are not isolated geographically, but fast allele turnover
will result in little allele sharing between geographically isolated populations, even
of the same species. We will explore this prediction in a freshwater fish, the guppy
(Poecillia spp.). Two young species (P. reticulata and P. obscura), isolated by moun-
tain chain, occur in the island of Trinidad. The species come into secondary contact
due to translocations by humans. The lab will explore if this has resulted in sharing of
MHC alleles between species. At the other end, we will look for trans-species poly-
morphism, i.e. e investigate allele sharing between P. reticulata populations that have
been isolated by the sea for ca. 30 000 generations. We will start by approximate
dating of the time of divergence of species and populations using molecular clock
(mtDNA divergence). We will then perform MHC typing of the same samples using
high-throughput sequencing and test if isolated populations of the same species
share fewer MHC alleles than young species that come into secondary contact.

Students will have an opportunity to practice wet-lab techniques (DNA extraction,
PCR) and get acquainted with some analytical tools (phylogeny reconstruction, anal-
ysis of genetic differentiation of populations, handling for next-generation amplicon
sequencing data). We will also discuss other mysteries of MHC evolution and think
about possible ways to solve them.

Bbicoko-nonumopdHble reHbl MnasHoro Komnnekca Nnmctosmectnmoctn (MHC)
KOAMPYIOT BeNKK1, BOBEYEHHbIE B MPE3EHTaLMNI0 MMMYHHO CUCTEME NaTOreH-



CBSA3aHHbIX aHTUreHoB. /13-3a NOCTOSAHHOM 9BONIOLMM NAaTOreHoB, KOTOPble
OeNCTBYIOT Kak hakTop otbopa Ha MHC, 3Tn reHbl HAXOAUTCA NoL, MOSIOXMUTENbHbIM
OTO6OPOM — 1 B UTOre OT60P 6NaronpuaTCTBYET 3aKpPeneHNo aMUHOKNCAOTHbIX
3aMeH B HOBbIX BapuaHTax cooTBeTcTBytowmx 6enkos. HoBble MHC-annenn
OOJKHbI 3aMeLLaTh CTapble — YTO AO/MKHO BECTU K ObICTPOMY «KPYroBOpPOTY»
annenen BHyTpu nonynsaumn. Bnpoyem, HekoTopble MHC-annenn yacto 6onee
CXOXXW Opyr C OpYrom B pasHbIX BUOax, HEXEN YeM annenn, CerpermpoBaHHble
BHYTPY OQHOrO BMAa — 3TOT (PeHOMEH HOCUT Ha3BaHne «MeXBUA0BOro
nonumopdunama». Ha aton ocHoBe npepnonaraetcs, 4to nuHun MHC-annenen
noagep>KnBaroTcs Ha 60MbLINX OTPEe3Kax BPeMeHW, HO OYEBUOHO, YTO UM TPYAHO
NpeogoneTb CUMbHbIA NONOXUTENbHBIN OTOOP.

HenaBHO BO3HMKIO NPeANOsIOXXEHNE, YTO NOSOXUTENbHbIA OTOOP
nopaep>xmnsaet obmeH MHC-annensammn mexay rmépuansnpyowmMmmncs Bugamu.
Ecnun aTo npeanono)eHne BEPHO, TO Mbl [OMKHbI Hab4aTh 6OMbLIE CXOXNX
annenen mMexagy pasHbiMU BUAAMU, HE N30NNPOBAHHBLIMU reorpadunyecku, no
CpaBHEHWIO C reorpadryeckn N30NPOBaHHLIMU NOMYALUSMU OQHOMO BMAA,

T.K B nocnegHux 6ynet natm 6biCTpbIi 1 HE3ABUCKMbIN KPYroBOPOT asnnenemn

6e3 BO3MOXXHOCTN 06MeHa. Mbl nocTapaemMcsi NPoBepUTL 3TO NpeAckasaHue,
n3y4yasi npecHoBoHbIX pbl6 rynnu (Poecillia spp.). Ha octpose TpuHuaan ects asa
monogbix Buaa (P. reticulata and P. obscura), nsonnposaHHble ropHOW rpsgon. 3tn
BMAbl BCTYMNAIN BO «BTOPUYHbIN» KOHTaKT 6narogapsi mepeHocy, OCyLLEeCTBASEMOMY
nogbmMun. Hawa nabopatopus NpoBepuT, NPYBENO N 3To K 06meHy annensamn MHC
Mexay ynomsiHyTeiMu Bugamu. C opyron CTOPOHbI, Mbl MONpobyem npoHabnoaaTsb,
noggep>knBaroTcs nn Kakme-H1byab anneny MHC Ha npoTsXXeHUn MHOMMxX
NMOKONEHUN, «MeXBUO0BON NOAMMOPMU3M» - ANS 3TOr0 Uccnedyem Ase nonynsauumn
P. Reticulate, koTopble 6blM M30MPOBaHbI MOpPeM B TeveHne 6onee yem 30 ThiC.
MOKONEHWUI, HA Hann4yne nNoxoXmx annenen. Mbl HA4HEM C OLEHKM NPUMEPHOro
BPEMEHN PacxXoXXOeHVs BUAOB M MOMNyNsLUUii, NCNOAb3Ysl METOL, «MOJIEKYNSPHbIX
YacoB» (OCHOBaH Ha aHanuse mutoxoHgpuanbHon AHK). 3atem Mbl npoBeaém
TnuposaHue MHC ¢ NOMOLLbIO BbICOKOMPON3BOANTENIbHOINO CEKBEHMPOBAHUS -

1N NPOBEPUM, UMEIOT 1 N30SIMPOBaHHbIE MONYNSALMN OQHOrO BMAA MeHbLUE (Mn
6onbLe) ognHakosbix MHC, yem aBa 6nn3knx Bnga, BCTYNUBLUNX BO BTOPUYHbIN
KOHTaKT.

Y4yacTHUKM NpoeKTa nosyyaT BO3MOXHOCTb MONPaKTUKOBATLCH B COBPEMEHHbIX
nabopartopHbIx TexHuKax (akcTpakumsa OHK, MLP) n no3HakoMaTcst C HEKOTOPbIMU
aHaNUTNYECKMMU MeToAamMm (PEKOHCTPYKLMS DUNOreHeTUYeCcKX AepeBbeB, aHanm3
reHeTUYECKNX pasnnynii B Nonynsumsx, pabota ¢ AaHHbIMU CEKBEHNPOBaHUS).
Tak>xe Mbl 06CcyanM pasnnyHble OTKPbITble BONpockl asontounm MHC 1 BO3MOXHbIe
nyTW UX paspeLLeHuns.



Laboratory of Microtubules //
JlabopaTtopust MMKpoTpybo4dek

Nikita Gudimchuk // HukuTa N'ygumuyk

The goal of our project is to find new promising chemical compounds, which
inhibit cell division and thereby can become new anti-cancer drugs. During cell di-
vision, dynamic polymers, called microtubules, capture duplicated chromosomes
and transport them to newly forming daughter cells. As a result, each daughter cell
receives an identical copy of genetic material of the mother cell. Although detailed
understanding of the mechanism of interaction between chromosomes and micro-
tubules is still lacking, it has been established that chromosomes are attached to
microtubules via a large specialized super-complex of proteins, called kinetochore.
Among kinetochore components, the key microtubule binder is the 4-subunit NDC80
complex. We have used molecular docking methods to screen over 30,000 com-
pounds for their ability to associate with NDC80 complex. This way, we have pre-se-
lected 40 promising drugs, which were successful in our computer screening. We
have brought them to the School of Molecular and Theoretical Biology to test them
experimentally. In this project, we will first express a recombinant NDC80 complex,
tagged with a green fluorescent protein, in bacterial cells and purify it using biochem-
ical methods. Then we will assemble microtubules and use Total Internal Reflection
Fluorescence (TIRF) microscopy to observe how the microtubules interact with puri-
fied NDC80 complex in presence of each of the 40 drug candidates. In case of suc-
cess, we will recommend the identified drugs for further tests in cells and in model
organisms.

Llenb Hawero npoekTa — HaTN HOBbIE NEPCMNEKTUBHbIE XUMNYECKIE
CcoefHEeHNSs, KOTopble B6IOKUPYIOT AeneHre KNeToK 1 bnarogaps 3ToMy MOryT
cTaTb HOBbIMM NMPOTMBOPAKOBLIMU NpenapaTamu. Bo Bpems AeneHns KneTok
OnHaMn4ecKmne nonMmMepsl, HadbiBaeMble MUKPOTPYOOUKaMu, 3axXBaTbiBatOT
YOBOEHHbIE XPOMOCOMbI 1 MEPEHOCST UX B HOBOOBPa3oBaHHble JoYepHME KNeTKu. B
pes3ynbTaTe Kaxnas [OYEPHSss KieTka nonyvyaet MOSHTUYHYO KOMUIO FTEHETNYECKOro
MaTepurana MaTepuUHCKOM KNeTKn. XOoTs AeTalbHOe NOHMMaHne MexaHuama
B3aMOAENCTBUS MEXOY XPOMOCOMaMM 1 MUKPOTPYyHoUKamMmn BCe eLLle OTCYTCTBYET,
ObINI0 YCTaHOB/EHO, YTO XPOMOCOMbI MPUKPENSAOTCS K MUKPOTPYO6OYKam
Yyepes 60/bLLON crneumanM3npPoBaHHbIA CYNnepKoMIeKC 6enKoB, HasbiBaeMbIi
KnHeToxopomM. Cpeaun KOMMNOHEHTOB KMHETOXOPaA KIloHEBOE CBA3YIOLLEE 3BEHO C
MUKpPOTpYybovkamun npencraBnseT cobon 4-cybbenmHnyHbin komnnekc NDC80.

MbI ncnonb3oBany MeETOAbLI MOMIEKYISPHOIO AOKUHIA s nepebopa 6onee 30000
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COeOMHEHWI C LieNbio BbISIBIEHUSI UX CMOCOBHOCTM CBS3bIBATLCS C KOMIMIIEKCOM
NDC80. Taknm obpasom, Mbl NpeasapuTenbHo oTobpanu 40 NnepcnekTUBHbIX
BeLLeCTB, KOTopble OblM YCMELHbI B HALLEM BUPTYalibHOM CKpuHe. Mbl npuBenu
9Tu BewecTBa Ha LLIkony MonekynspHon n TeopeTnyeckon 6uonornm, 4tobel
NCnbITaTh UX SKCMEePUMEHTaNIbHO. B 3TOM NpoekTe Mbl cHavana aKcnpeccupyem
pekoMbuHaHTHbIN koMnnekc NDC80, noMeyeHHbIn 3eneHbiM hJlyopeCLEHTHBIM
6enKoM, B 6akTepranbHbIX KNETKax 1 OYNCTUM €ro C MOMOLLBI BMOXUMUYECKIX
MeTOoAOoB. 3aTeM Mbl cO6epeM MUKPOTPYDBOUKM 1 UCMONb3YyeM (hTyOPECLIEHTHYIO
MUKPOCKOMUIO MOJTHOIO BHYTPEHHero otpaxeHus (TIRF), 4Tobbl Habnoaatsb,

Kak MUKPOTPYBOUKM B3aMOAENCTBYIOT C ounLLeHHbIM Komnnekcom NDC80 B
NPUCYTCTBUN Kaxkaoro n3 40 BeLlecTB-KaHAUOATOB Ha posib lekapcTea. B crnyyae
ycnexa Mbl 6ygeM pekoMeHOoBaTh HaAeHHble COeANHEHNS ONs OaNbHENLIMX
UCMbITaHWI B KNETKaX U B MOAENbHbIX OpraHM3max.
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Laboratory of Extracellular
Nucleic Acids //
JlabopaTtopuns BHEKNETOUHbIX
HYKNENHOBbLIX KNCNOT

Dima Ter-Ovanesyan and
Tiffany Amariuta //

Ouma Tep-OBaHecsH

n TudpbaHn AmapunyTta

DNA and RNA act inside of cells, but it has been known for 70 years that there
are small amounts of nucleic acids outside of cells as well. For example, plasma
(the extracellular fraction of blood) contains both DNA and RNA. Although there are
many open biological questions as to how nucleic acids are released from cells,
these circulating nucleic acids are already being used for diagnostic purposes. For
example, there is great interest in using circulating DNA in blood plasma to identify
mutations in cancer using an easily available blood sample instead of tumor biopsy.
In our laboratory, we will study the release of DNA from cells during cell death. We
will use a human cancer cell line to induce different types of cell death and study the
resulting release of DNA into the extracellular media. Particularly, we will the compare
the release of extracellular DNA during different types of cell death such as apoptosis
(programmed cell death following a defined pathway) and necrosis (which is a form of
cell death that is less defined and specific). We will induce cell death using different
stimuli and then isolate and characterize the DNA that is released into the cell culture
media. We will use biochemical techniques to study questions about extracellular
DNA such as whether it is released as parts of cells surrounded by membrane. These
questions will help us understand a poorly understood aspect of cell death and may
help us think about how to better design cancer diagnostics.

OHK 1 PHK gencTBytoT BHYTpY KNeTKW, HO nocnegHne 70 neT nsBecTHO,
YTO CHapPY>Xn Tak>XXe NMeeTcs HebOoMbLLOE KONMMYECTBO HYKTENHOBBIX KUCIOT.
Hanpumep, nnasma (BHEKIETOYHOE MPOCTPAHCTBO B KPoBW) coaepXunT kak OHK,
Tak n PHK. XoTs1 He BNosHe ICHO, KaK HyK/1EMHOBbIE KNC/OTbI BbICBOOOXKAOTCS
13 KNETKWU, 3TN LUMPKYANPYIOLNE HYKTEUHOBbIE KMCNOTbI Y>KEe NCNONb3YHTCH
Ons guarHocTukun. Hanpumep, cyliecTByeT 60MbLION MHTEPEC K NCMOIb30BaHUIO
umpkynupytowen JHK B nnasame KpoBu ans naeHTugmkaumm pakosbix MyTauui,
NOCKOJIbKY aHanm3 KpoBu NpoLLe, Yem brorncus onyxonu. B Hawen nabopaTtopun
Mbl 6yaem n3y4datb BbicBoboXXaeHNe JHK 13 kneTkn Bo Bpemsi e€ rubenun. Mol
Oy[eM 1UCnonb30BaTb PaKoBble KETKM, YTOObI CTUMYIMPOBAaTL PasfivyHble TUMbI
rnbenun knetok n nccneposatb [HK, KoTopas BbicBO60MIACE BO BHEK/IETOUYHOE
NpPOCTPaHCTBO. B yacTHOCTU, Mbl cpaBHMM BbicBoboaeHe OHK npu pasnnyHbix
Tnax rmbenn KNeTok, Takmx Kak anonTos (3anporpaMmmMmpoBaHHas rmbenb KneTkim)
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N HEKPO3 (MeHee onpepenéHHas rnbenb kneTkr). Mbl bygem nHoyumposaTb rméens
KJIETOK MPY MOMOLLM Pa3inYHbIX CTUMYJIOB, a 3aTEM N30MPOBaTh 1 U3y4vaTb
BbicBO6oAMBLUYtoca [HK B cpene kneTto4Hom KynbTypbl. Mbl 6yaem ncnonsb3osatb
Broxnmmnyeckmne MeTofbl, YToObI yylle NOHATb NoBeaeHne BHekneToyHon OHK.
Hanpumep, Ba>KHO NOHATb, okpy>xeHa 11 JHK yacTbio KneToyHom MembpaHbl.

OTO NOMOXET HaM MOHATb, YTO MPOUCXOAUT NPY MMBENnN KNeTKN - 1 Kak sy4yile
paspaboTaTb ANarHoCTMKy paka.
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Laboratory of Mitochondrial Biology //
JlabopaTtopus
MUTOXOHAPWaNbHON 6uonornm

Cory Dunn // Kopw OaHH

Mitochondria are organelles derived from a bacterial ancestor. Beyond their
well-recognized role in generating cellular energy, mitochondria are also the home of
many other important activities. These organelles are often in constant motion within
the cell, moving along the cytoskeleton with the help of molecular motors. Mitochon-
dria harbor their own genomes (mtDNA), which are derived from their bacterial an-
cestor. Because mitochondria are derived from bacteria, they can be sensitive to the
same antibiotics that we use to treat infectious disease. These organelles are often in
constant motion within the cell, moving along the cytoskeleton with the help of mo-
lecular motors.

We will investigate several questions regarding mitochondrial biogenesis and
function:

1) In some organisms, mitochondria move along actin filaments, while in other
organisms these organelles move along microtubules. We will visualize mitochondria
in normal and mutant laboratory strains of budding yeast, a commonly used experi-
mental system for studying mitochondrial assembly and function. Then, we will gen-
erate our own fungal isolates, visualize their mitochondria, and learn which method of
mitochondrial motility is used by our samples. We will attempt to identify our isolated
organisms by amplifying and sequencing conserved regions of their genomes.

2) Recent findings suggest that several antibiotics also have a negative effect on
our own mitochondria. We will examine whether and how a commonly used antibiotic
might affect mitochondrial function.

3) Some organisms can survive the loss of mtDNA, while others cannot. Study of
mtDNA loss has been very informative about human mitochondrial disease. We will
test whether our own fungal isolates can survive the loss of mtDNA, and we will test
for the presence or absence of mtDNA using molecular and phenotypic methods.

MuToxoHZpun — 3TO opraHensibl 6akTepuanbHOro NMPOUCXoXaeHus. NMommmo
TOro, YTO OHM ABMSAOTCH LeHTpaMn 3HeproobecneyeHnst KNeTokK, MUTOXOHOPUN
y4acTBYIOT BO MHOMMX OPYrnX BakHbIX npoueccax. OHU HaxoasTcs B MOCTOSIHHOM
OBVIXKEHUN B KNETKe, NepeaBurasicb no LMTOCKENETY C NMOMOLLIbIO MONEKYNSPHbIX
MOTOPOB. Y MUTOXOHAPWUIA eCTb CBOW COBCTBEHHbIN reHOM (MUTOXOHOPMAaNbHas
OHK, mtOHK), KOoTopbIN OHM Nony4nunn oT CBOero bakrepmansHoro npegka. U ns-
3a cBOero 6akTepranbHOro NPOUCXOXKAEHNS MUTOXOHAPUN YYBCTBUTENbHbI K
aHTMONOTMKAM, KOTOPbIE Mbl UCNOMb3YEM AN TeHeHNs 6akTepuanbHbIX MH(EKLMNIA.
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B Haweln nabopaTopum Mbl U3y4MM HECKOJIbKO BOMPOCOB GroreHesa n yHKLUn
MUTOXOHOPWN:

1) B kneTkax HEKOTOPbIX OPraHN3MOB MUTOXOHAPUW NepeMeLLaoTCs No
aKTUHOBbLIM MUKpPOUNaMeHTam, a B opyrux — no MMkpoTpyboykam. Mel 6yaem
n3y4yaTb, Kak MUTOXOHAPUM NEPEMELLAIOTCS B KNIETKaX NekapCKnX APOXOKeN —
nonynspHOM 3KCNEPUMEHTaNIbHON CUCTEMbI AN N3YYeHNS (PYHKLMN MUTOXOHOPUIA.
MbI NOCMOTPUM Ha MUTOXOHAPUN B HOPMaJIbHbIX Y MyTaHTHbIX J1Ta60paToOpHbIX
WTaMMax gpodoKen. 3ateM Mbl cO34aaMM COBCTBEHHbIE LUTaMMbl SPOXOKEN,
NMOCMOTPUM Ha UX MUTOXOHAPUMN U BbISICHM, KakM ClOCO60M MUTOXOHOPUN
nepemeLLalTcs B 9TUX WTammax. Mbl NonbITaeMcs 0XxapakTeprn3oBaTb CO34aHHbIE
HamMu LUTaMMbl, OTCEKBEHNPOBAB KOHCEPBAaTNBHbIE Y4acTKN X FEHOMOB.

2) HepgaBHne nccneposaHns 06HapY XK, YTO HECKOSIbKO BUOOB aHTUOMOTUKOB
HeraTMBHO BIVSIIOT HA MUTOXOHAPUM B HalWNX KneTkax. Mbl BbISCHUM, BANSIOT N
HEKOTOpbIE LUMPOKO NCMONb3YeMble aHTUONOTUKM Ha (DYHKLNIO MUTOXOHAPUIA.

3) HekoTopble opraHnambl MOryT BbXuBaTb, gaxe ytpatms MtOHK, a
Opyrue — He MoryT. Hanpumep, ApoX>Kn MHOrAa MOryT CyLLLECTBOBaTb BOOOLLE
6e3 MUTOXOHAPUIA, a y YernoBeKa Aaxe YacTUYHOe HapyLLeHne NX yHKLMN
NPUBOAMUT K TSXKENbIM U HEMN3NIEYMMbIM FreHeTUYeckM 3abonesaHusam. NsyyeHve
MexaHn3MOoB 1 nocnegcTsun notepu MTOHK y>ke gano MHOro LeHHom nHdopmaumm
O MUTOXOHAPUanbHbIX 3aboneBaHusAx y nogen. Mol U3y4nm, MOryT it NOSyYeHHbIe
HaMW WTaMMbl OPOXOKEN BbIKUTb, noTepsis MTAHK. [0ns aToro mbl onpeaenm
Hann4ne Nnm oTCyTCTBME MUTOXOHAPUANIBHONO FeHoMa C MOMOLLLIO FEHETUYECKMX U
MOJIEKYNSPHO-BMONOrMYECKNX METOLOB.
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Laboratory of Bacterial
Genomics // JlabopaTtopus
b6akTepuanbHON reHOMUKN

Masha Tutukina and Sonya
Garushyants // Mawa TyTykunHa
n CoHga MapyLsHL,

Bacteria, helpful or harmful, play a very important role in our everyday life. They
are so small that it seems they should be organised very simply. Indeed, an enteric
bacterium Escherichia coli is one of the most studied organisms so far, and we think
that we definitely understand everything about it. But we only think so.

We still do not understand how bacteria can switch their metabolism so quickly
upon transition to a new environment, like a host organism, or even become patho-
genic? These processes are commonly regulated at the level of transcription - the
first stage of genetic transfer.

In the last decades, it turned out that regulation of transcription in bacteria is or-
ganized in a far more complex way than it had been thought as early as 10 years ago.
The operon theory suggested by Jacob and Monod (the lac-operon concept) made
it clear how transcription of a specific gene could be turned on or off in response to
specific signals. Over the forthcoming 50 years, a vast amount of information about
local regulators and their targets was achieved. Then the “omics” revolution oc-
curred, and it was soon realised that some transcription factors regulated hundreds
of genes, and thus “global” regulators appeared.

LeuO is one of such global regulators. It was initially annotated as an activator of
the IeuABCD leucine operon, but it was soon realised that LeuO may be involved in
most processes accounting for bacterial virulence, motility, and their communication
with each other (quorum-sensing).

Moreover, we found out that the second protein product with lower molecular
weight can be synthesized from the leuO gene that is not typical for bacteria.

In the course of this project, we will combine systematic analysis of the
whole-genome data and modern experimental approaches (Western-blot, gRT-PCR,
etc) to learn what LeuO isoforms are synthesized and function in Escherichia coli un-
der different growth conditions. We will determine what motif is recognized by LeuO
on the DNA, and reveal to what extent it overlaps with other protein regulators of the
E. coli virulence.

BakTepun - nonesHble N BpedHble - UrparoT OrPOMHYIO POJb B HaLLEN
NOBCEAHEBHON XN3HN. OHN HACTONBLKO Marsibl, YTO, KaXKETCS, A0JIKHbI ObITh
YCTPOEHbI O4EHb NPOCTO. [lencTBUTENBHO, KMweYHas nanoyka Escherichia coli
SABNSAETCHA OOHNM N3 CaMbIX N3YYEHHbIX K HACTOSILLIEMY BPEMEHN OPraHn3MOoM, 1
HaM Ka>KETCH, YTO y>K MPO HEE-TO Mbl TOYHO BCE MOHUMaeM. HO 3TO Ham TObKO
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KaXKeTcs.

MbI 0O C/X NOP HE MOHUMAEM, Kak 6akTepun yOaeTcs Tak 6bICTPO NePEKSIoUNTb
CBOW MeTabon1M3m Npu NonagaHnumn B HOBbIE YCIIOBUS — HAMPUMepP, B OpraHn3m
X0391Ha, N BoobLe BAPYr CTaTb NAaTtoreHHON? ITU NPOoLEeCcChl Yallle BCEero
PerynnmpyroTcst Ha YPOBHE TPaHCKPUNUUM — NepPBOro aTana nepeaayn reHeTnyeckKoro
mMaTepwuana.

Okasanochb, 4TO perynsauus TpaHcKpunuumn y 6aktepuin opraHMsoBaHa ropasno
cnoxkHee, Yyem mbl gymanu ewe 10 net Hazag,. MNMpegnoxxeHHasa >XKako6om n MoHo
KOHUENUUS NToKanbHbIX PErynsaTopoB (KOHLenums lac-onepoHa) nomMmorsia npocTo 1
JIOMMYHO OOBACHUTD NEPEKIOYEHME NPOLECCOB HAa YPOBHE TPAHCKPUMLUMK, U C TEX
nop 3a 6onee 4em 50 neT, 66110 HAKOMIEHO OFPOMHOE KOINYEeCTBO MHGOopmauun o6
OTAENbHbIX PErYNATOPax 1 PerynmpyemMbix M1 reHax.

Mbl y3Hanm, 4To MHOrMe PerynsaTopbl, CHATABLUMECS JIOKANIbHLIMK, HA CAMOM
Oene KOHTPOJIPYIOT TPAHCKPUMLMIO COTEH reHoB-MuLweHeln. K TaknMm «rnobansHbiM»
perynstopamM OoTHOCHAT U TPaHCKPUNUMOHHbLIN hakTop ABonHoro genctaus LeuO.
M3HavanbHo LeuO 6bIn aHHOTUPOBAH TOMIbKO Kak akTMBaTop NENUMHOBOro onepoHa
leuABCD, a noToMm okasanocb, 4TO OH BOB/ieYeH B 60bLUMHCTBO MPOLIECCOB,
OTBevatoLMX 3a BUPYIEHTHOCTb, MOOBUXXHOCTb BaKTEPUI N X KOMMYHUKaLIO
mMexxay cobon. Kpome Toro, Hamu 6bin1 3aperncTpmpoBaH cUHTe3 ¢ reHa leuO
BTOpPOro 6e51K0BOro NPOAYKTa C MeHbLUEN MONEKYNSPHON MacCcomn, YTO HEOBObIYHO
ons 6akTepuin.

B pamkax aToro npoekTta Mbl COBMECTUM CUCTEMATUYECKUI aHaNN3
NOJIHOrEHOMHbIX AaHHbIX U COBPEMEHHbIE 3KCMEPUMEHTasbHbIE MOOXOAbI
(Western-blot, gRT-PCR, n gpyrue), 4tobbl y3HaTb, kakne ndogopmsl LeuO
CUHTE3NPYIOTCH 1 paboTaroT Npu pocTe 6akTepuin B pasfinyHbIX YCIOBUSIX,
onpenenum, Kako MoTuB oH y3HaeT Ha [OHK, 1 oueHum cTeneHb ero nepekpbiBaHns
C opyrumm 6enkamm-perynsatopamu BUPYIEHTHOCTM KULWEYHOWN NanoyKu.
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Laboratory of Protein Biochemistry
& Structural Biology // JlabopaTtopusi
6enkoBon 6GUOXUMUA

N CTPYKTYpHOU Bronormum

Natalia Ketaren // Hatanna KetapeHx

Our immune system is a complex network of cells, tissues and proteins that
work together to defend our bodies against infection by bacteria, viruses and other
disease-causing substances. An important part of the immune system are proteins
called antibodies, that bind these disease-causing agents (antigens) and target them
for destruction by immune system cells. Antibodies are large Y-shaped protein com-
plexes formed by two types of glycoproteins (Fig. 1), called heavy-chain glycopro-
teins (VH and CH) and light-chain glycoproteins (VL and CL). These antibodies are
a part of our adaptive immune system and upon infection, are released by a type of
immune cell called B-cells. Antibodies interact specifically with the antigen through
an antigen binding site on the antibody, formed from the combination of two of its
subunits (the VL and VH domains).

There exists in nature a type of antibody composed solely of heavy-chain gly-
coproteins. These antibodies are referred to as heavy-chain only antibodies (HCAD).
HCADb’s are not found in humans and are only found in a few species including spe-
cies in the family Camelidae, which includes llamas, camels and, alpacas. These
HCADb are unique to conventional antibodies in many ways. One key difference is that
the site of interaction on the HCAb with the antigen, is via a single glycoprotein sub-
unit. This single subunit, we refer to as the nanobody (Fig. 1).

Nanobodies can be produced easily and have the benefits of traditional antibod-
ies, but without many of the pitfalls when working with conventional antibodies. Thus,
the development of nanobody technology for the use in the therapeutics of human
diseases such as cancer, autoimmune diseases and rare blood disorders, has in-
creased rapidly.

What our lab is focused on is understanding how a nanobody, being so small and
so different to conventional antibodies, can still behave so efficiently — recognizing its
target antigen with great efficiency and precision. This will benefit the development of
nanobody technology for use in biomedicine.

What we will be exploring in our lab are some fundamental properties of nano-
body functionality by looking at:

(@ How nanobodies interact with their antigen
(b) How changes in nanobody structure affects function

To do so, our project that we offer is separated into three aims:
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Aim 1 — (Wet-lab): We will use immunoprecipitation assays to investigate wheth-
er mutated nanobodies interact stronger or weaker with its antigen in comparison to
unmutated (wild-type) nanobodies. This will show us what regions of a nanobody are
critical for functionality.

Aim 2 — (Dry Lab): We will use a variety of protein modelling software including
the Schrédinger Biologics Suites, to model the 3D structure of nanobodies. Here we
will investigate how introducing mutations on the structure of nanobodies could af-
fect their ability to interact with their antigen.

Aim 3 — (Wet-lab): We would like to generate the atomic structure of one of the
strongest interacting (high-affinity) nanobodies we have. The atomic structure will let
us look at the interaction interface of the nanobody and antigen — looking at the mo-
lecular interactions that compose it, making it so strong. To get an atomic structure,
we need to first generate protein crystals, thus Aim 3 will be to test a variety of buffer
conditions, to see which buffer condition produces the best protein crystals to use
for determining the atomic structure of this high-affinity nanobody.

Hawa nMmyHHasi cuctema — CnoxXHasi CeTb KJ1IEeTOK, TKaHeln 1 6enKoB, KOTopble
paboTatoT BMecTe A/15 3allMTbl HaLero Tena oT 6akTepuanbHbIX Y BUPYCHbIX
NHMEKLNIA 1 Opyrnx cybCcTaHLmin, rpossimx 3abonesaHmammn. BaxxHenwwyo yacTb
WMMYHHOW CUCTEMbl COCTaBNAOT 6e/1KN, HadblBaeMble aHTUTeNaMm — KoTopble
CBA3bIBAOT BESIKN YNOMSIHYThIX 60/1€3HETBOPHbIX areHTOB (AHTUIEHbI) 1 TEM
CaMbIM «MOMEeYaoT» MUX ANS YHUUTOXEHUSA UMMYHHbIMU KNeTkamu. AHTUuTena - ato
6onblime 6enKoBbIE KOMMIEKCHI, HAaNoMuHatowme dopmoin byksy Y (Fig. 1). Otun
KOMMneKcbl (hOPMUPYIOTCS OBYMS TUNAMKU rIMKOMPOTENHOB — Tak Ha3blBaeMble
«Tspkénble» (VH and CH) n «nérkue» uenu (VL and CL). AHTUTena SBNsaoTCA YacTbio
Halen afanTUBHOM UMMYHHOW CUCTEMbI U B CNyYae MHMEKLN BbiAENSTCS
Tak HasblBaeMbIMU B-knetkamu. AHTuTEena cneunduyeckn B3anmMogencTaByoT
C aHTUreHamu, HanpsiMyto CBSI3bIBasICb C HAMUW CreuuanbHbIMU canTamu,
hopmmpyembiM aByMs cybbegnHuuammn (oomeHamm, o6osHavaembiMm VL n VH).

B npupoge cyLecTBylOT aHTUTENA, 06Pa30BaHHbIE TONBKO «TSXKENLIMU»
uensMn — nx HasbiBatoT «heavy-chain only antibodies», HCAb. OHu He
OBHapy>eHbl B Yel0BEY4ECKOM OpraHM3Me 1 BCTPEYatoTCS TOIbKO B HEKOTOPbIX
Opyrux Bugax — Hanpumep, B cemerictee Camelidae, B KOTOpoe BXOOAT Nambl
1 Bepbnogbl. YNOMSAHYTbIE aHTUTeNa YHUKasbHbl B CUTY MHOXECTBa NPUYMH.

OpHa 13 1X KJHYeBbIX OCOBEHHOCTEN — B3aUMOLENCTBME C aHTUreHaMKN Yepes
caunT, 06pa3oBaHHbIN €OMHCTBEHON MMKONPOTENHOBOW CcybbenuHuuen. Takune
cybbeaunHnLbl HasbIBaloT «HaHoTenamm» (IsobpaxkeHue 1).

HaHoTena foBOMIbHO 1Erko NPOV3BOOATCSH, MMEIOT NPEenMyLLLECTBa B CPaBHEHN
C TPaAVLUMOHHBLIMY aHTUTeNaMmn 1 NO3BONSAIOT N36exxaTb MHOMMX TPyAHOCTEN,
CBSA3aHHbIX CO «CTaHAAPTHOW» UMMYyHOTepanuen. [o3aToMy TEXHONOrsS1 HAHOTEN
01151 ICMONBb30BaHWA B Tepanun YenoBeyecKnx 3aboneBaHnin — Taknx Kak pak,
ayTOMMMYHHble 6ONEe3HN N peakne 3aboneBaHns KpoBM — NONyYnIa CUTbHENLINIA
UMnynbc B nocnegHve rogpl. Hawa nabopatopus akLeHTUPYEeTCS Ha U3yYeHnn Toro,
Kak HaHoTena — bygyyn CTosIb HEOONBLUMMUY, U OT/INYAIOLLMMUCS OT «TUMNYHBIX»
aHTUTEN — OKa3blBaOTCA-TakM 3(PPEKTMBHBI 1 TOYHbI B PACNO3HAHWUN TapreTHbIX
aHTUreHoB. VI3yyeHne aToro Bonpoca CyauT o4eBuaHble 6eHeduTbl B BuomeamumHe.
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MpepmeTom nccnepoBaHni Hawwen nabopatopum cTaHyT dyHAaMeHTabHble
CBOWCTBA HaHOTEN U UX (DYHKLNOHANBHOCTY, a UMEHHO:

(@) Kak HaHOTena B3aMogencTBYIOT C aHTUreHaMun
(b) Kak nsMeHeHus1 CTPYKTYp HaHOTeN oTpaXkaeTcsl Ha X PyHKLMAX

[lns noncka oTBETOB Ha 3TW BOMPOChI HaLl NPOeKT ByaeT pa3nenéH Ha Tpu
yacTu:

YacTb 1 - (3ken. nab.): Mbl Mcnonb3yem MeToouKy MMMYyHOMpeunnmTaLmmn
O8I MyTaHTHBIX HAHOTEN, YTObbI U3Y4YNTb, YCUNMBAETCS UM OCNabnseTcs nx
B3aMMOLENCTBME C aHTUreHamun. STO NO3BOMIUT HaM ONpPenennTb y4acTKn HaHoTen,
KPUTUYHbIE ONs UX (DYHKLNOHANBHOCTM.

YacTtb 2 — (Teop. nab.): Mbl ncnonb3ayem pasnnyHble NporpaMmmbl
MoLoenMpoBaHus 6enKoBbIX CTPYKTYP, B T.4. Schrodinger Biologics Suites,
4TOObI CMOAENMPOBATb NPOCTPAHCTBEHHbIE CTPYKTYP HaHOTEN. Mbl nonbiTaemcs
pas3obpaTtbCs, Kak BHECEHNE MyTaUWi B CTPYKTYPbl HAHOTE MOXKET BINSATb Ha UX
CNOCOBHOCTL B3aMOLENCTBOBATL C aHTUreHamu.

YacTtb 3 - (Okcn. nab.): Mbl nonpobyem nony4nTb aTOMHY0 CTPYKTYPY OLHOro
N3 cuUnbHeNWX (B nnaHe B3anMoLeNcTBMS C aHTUrEHOM) HaHOTENA, NMEIOLLIErOCS B
HaweMm pacnops>keHun. Takas CTPyKTypa No3BOMUT HaM B3M/ISIHYTb Ha KOHKPETHbIN
NHTEpdENC B3aMOAENCTBUSA HAHOTENA N aHTUreHa — U MOHATb, Kakue MMEHHO
B3aMMOLENCTBMSA OeNnaroT 3TO B3aUMOLENCTBME CTOMb CUSIbHbIM. [Nns nonyyeHns
aTOMHOW CTPYKTYpPbl HAaM NOTPebyeTcs Ans Havana nosy4mTb 6enKoBble KpucTansbl
- notomy «HacTb 3» noTpebyeT TECTUPOBaHWE Pa3/INyHbIX BydepHbIX PpacTBOPOB,
0abbl BbIOpaTh YCNOBUS, B KOTOPbIX KPUCTanIM3aums npongéT Hanbonee ycnewwHo.

Conventional Camelid single Nanobody
antibody chain antibody (VyH)
ANTIGEN
Vi
\'A Cyl VyH
C
~15kD
) G .
Cu3 Ch3
~150kDa ~100kDa

Figure 1. Comparison between conventional antibodies and heavy-chain only
antibodies showing the 15 kDa nanobody (V H) fragment.

N3o6paxeHune 1. CpaBHeHe CTaHOAPTHbLIX aHTUTEN U @aHTUTEN, COCTOALLIMX U3
TONBKO TSHKENbIX Lieneii, AeMOHCTpupytoLee «HaHoTeno» (V,H) pasmepom 15 k[a.
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Laboratory of Bioinformatics //
JlabopaTtopusi 6ronHpopMaTmKin

Vanja Kulakovskiy and Ira
Eliseeva // Bans Kynakosckuin
n Npa Ennceesa

RNA bioinformatics covers a wide array of studies, from analysis of elements in
three-dimensional structures to global mMRNA content in different cells. In our lab, we
plan three projects covering genomics + transcriptomics (genes and transcripts) and
structural bioinformatics.

In our work, we will use Python programming languages and its rich libraries for
data analysis, visualization, machine learning, and statistics. If you already have pro-
gramming skills using different scripting languages (for example, Ruby or R), they will
help you to learn Python by attending our open course, that is planned for the school.

(1) Base triples in RNA structures

Jenya Baulin, programming + visualization of structures

RNA spatial structure plays important role in different cellular processes. Recur-
rent structural elements (“motifs”) of RNA are less studied comparing to the protein
structures. A structural motif may have a special function, for example, it may stabilize
the whole RNA structure or its local domain or serve as a docker platform for binding
of other molecules. In our project, we will study the base triples, the clusters of three
RNA nucleobases interacting edge-to-edge by hydrogen bonding. Specifically, we will
study the “romantic” A-minor motif, the base triple formed by adenine approaching the
minor groove of a double helix segment.

To identify preferred locations of A-minor motifs and their relation to pseudoknots
we will use known RNA structures and annotations of their elements such as base
pairs, double helices, and loops. To see interesting motifs in detail we will visualize
them with PyMol.

(2) Predicting translation termination with machine learning

Katya Sakharova and Sanya Anisimova, programming + machine learning

mRNA translation by ribosomes is a key stage of transferring genetic information
from DNA to protein. High-throughput sequencing allowed developing the ribosome
profiling technique that pinpoints the exact location of ribosomes in coding seg-
ments of various transcripts. Ribosome profiling revealed short translated segments
in non-coding RNAs and outside of main coding regions of “regular” mRNAs. Such
segments may be regulatory or may code short peptides that perform various cellu-
lar functions. However, the borders of the translated regions are not always clear. The
ribosome footprints are clearly visible at translation initiation sites (start codons), and
notably less exhibited at translation termination sites (stop codons). To have a clear-
er image of translation termination events we will employ modern machine learning
methods and new ribosome profiling data. We will use ribosome footprints on mRNAs
extracted from organs of healthy mice of different age. We will search for novel unan-
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notated termination sites and study their dynamics during aging. Exact locations of
translation termination sites may help to reveal the function of short translated seg-
ments and their role in aging.

(3) Discovering partners of FTO demethylase

Ira Eliseeva and Vanja Kulakovskiy, programming + statistics

Epigenetics provides another layer of information that determines gene expres-
sion. Global genomic map of modified nucleotides in DNA or modified amino acids in
tails of DNA-packing histones was actively studied. A global map of mMRNA modifica-
tions remains notably less explored. One of the common modifications is the adenine
methylation (m6A), which controls mRNA stability and translation efficiency, and, at a
cellular level, cell differentiation and stress response.

FTO protein can erase methyl “labels” from RNA and participates in dynamic bal-
ance of epigenetics marks controlling alternative splicing and mRNA polyadenylation.
FTO demethylase participates in memory formation and early development. FTO ex-
pression changes are observed in cancer and obesity. Furthermore, a mutation in the
catalytic domain leads to early death, growth delays and cognitive disorders.

In our project, we will analyze global genomic maps from DNA-protein and
RNA-protein interaction experiments. We will search for possible protein partners of
FTO that bind the same RNA molecules or participate in transcription regulation to
ensure co-transcriptional FTO binding.

BrionHopmaTnka prboHyKNENHOBbLIX KMCNOT pellaeT pa3HoobpasHblie 3agayn: ot
aHanmM3a 3/1EMEHTOB TPEXMEPHbIX CTPYKTYP A0 U3y4deHus rnobansHoro coctasa MPHK
B pasnnyHbIX KneTkax. Mbl nnaHMpyem Tpu NpoekTa, 3aTparmBatoLLie reHOMHYHo
(“reHbl”), TPAQHCKPUNTOMHYHO (“NPOAYKTLI FEHOB, TPAHCKPUMTHLI”) U CTPYKTYPHYIO
61ONHMOPMAaTUKY.

B pa6oTe mMbl 6yaemM 1cnonb3oBaTh s3blK NporpaMmmmnposanns Python n ero
6oratble 61BNNOTEKN N5t aHanM3a AaHHbIX, BU3yann3aumm, MalmHHOro obyyeHns 1
MaTemMaTu4ecKon cTaTucTukn. Ecnmny Bac y>xe ecTb HaBblKM NPOrpaMMmMpoBaHns Ha
OpYyrnx CKpunToBbIX A3blkax (Hanpumep, Ruby nnn R) - 6ygeT nerve ndyuntb Python
Ha OTKPbITOM KypCe, KOTOPbIA Mbl MPOBEAEM BO BPEMSI LLKOJSIbI.

(1) Tpynnekcobl B CTPYKTYypax puGOHYKJIEMHOBbIX KUCIIOT

KeHsi BaynvH, nporpaMmmMupoBaHve + BUdyanusaums CTPYKTYp

MpocTtpaHcTBeHHas cTpykTypa PHK nrpaet kno4vesyto posb B pasinyHbIX
KNeTo4HbIX npoueccax. [pn 3ToM, No CpaBHEHNIO CO CTPYKTypamMm 6enKkos,
XapaKTepHble 91eMEHTbI (“MOTUBbI”) NPOCTPaHCTBEHHON CTPYKTYpbl PHK n3yyeHbl
xy>e. MoTnB MOXeT cTabunmsnpoBaTtb CTPYKTYPY Uun “y3HaBaTtb” Apyrve Mosiekybl,
¢ koTopbiMn PHK o6pasyeT komnnekc. B xofge npoekTa Mbl pacCMOTPUM TPUMIEKChI
OCHOBaHWI (TPU HyK1eoTaa, pacrnosoXeHHble B OOHOW MIOCKOCTY 1 obpasytoLiue
BOLOPOAHbIE CBSA3M) U NX CNeumnanbHbIi Knace - “poMaHTu4eckumin” moTtms “Jis-
MUHOP” (A-minor) - TpUNAeKC, obpasyroLnMncs Npy NPUGANXKEHNN afeHHa K
y4acTKy OBOVHOWM Cnvpanu co CTOPOHbI Manor 6opo3saku). Mel 6ygem ncnonb3osatb
N3BECTHble NPOCTPaHCTBEHHble CTPYKTYpbl PHK, cHab>XeHHble CTPYKTYpHON
aHHoTauwuen (cnapnBaHnst OCHOBaHWIA, Y4aCcTKM OBOVNHOW CNpanu, HecnapeHHble
y4acTKu 1 T.4.) 1 nocTapaemMcs OTBETUTb Ha Pas/iNyHbIE BOMPOCHI O XapakTepPHbIX
CTPYKTYPHbIX CBOMCTBAxX TPUMJIEKCOB, B YaCTHOCTU, rAe 06bIYHO HAXOOATCS MOTMBBI
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A-minor n Kak OHM CBA3aHbl ¢ “ncesgoy3namn”. VIHTepecHble aK3eMMIsipbl MOTVBOB
Mbl ByeM BM3yann3npoBaThb C MOMOLLbIO MakeTa TpexMepHon Bnayanusauum PyMol.

(2) Mpepcka3aHve TepMUHALN TPAHCNALMM MeTOAAaMWU MALIMHHOIO 0GyYeHus

Kats CaxapoBa 1 CaHst AHMCMMOBa, MPOrpaMMnpoBaHme + MalHHOE 0byyeHne

TpaHcnsaumsa matpuyHbix PHK pnbocomamu - kntoveBon aTan nepeHoca
reHeTnyeckon nHopmauum ot AHK k 6enky. Beicokonpon3sBogntTenbHOe CEKBEHN-
poBaHve No3Bonuio paspaboTtare MeTod prboCcoMHOro NpodaninHra, KoTopbin
MokKasblBaeT TOYHOE MOIOXKEHNE PUBOCOM Ha KOAMPYIOLLMX 06/1aCTSaX BCEBO3MOXHbIX
MPHK. C nomoLso pnbocoMHOro npodaninHra bbinm HangeHbl KOpOTKME yYacTKuy,
ynTaemble pubocomamu, 1 B NpeanonoxmTenbHo Hekoaupyrowmx PHK, n B Hekogu-
pyrOLLMX yyacTkax “obblyHbIX” MaTpuyHbix PHK. Takue yyactku peryampytot
TpaHCNSALMIo, a TaKXKe MOryT KOOMPOBaTb KOPOTKME NENTUAbI, BbIMOHAOLWNE
pasnunyHble KneTouHble pyHKUmMn. OgHako He Bceraa U3BecTHO, rae TOYHO
HaUYMHaIOTCSA 1 3aKaHYMBAKOTCH TPAHCIMPYEMbIE YYaCcTKU: oTnevaTkm-cneabl pubéocom
[OCTaTOYHO XOPOLLO BUOHbI HA yYacTKax MHULMALMN TPaHCASALMN - CTapTOBbIX
KOAOHaX, N 3aMEeTHO XYy>Xe - Ha CTOMN-KogoHax. YeTye paccMoTpeTb cobbITUsS
TepMrHaUMn TPaHCAALUA Ham NMOMOIYT COBPEMEHHbIE METOAbI MALUMHHOIO 06y4YeHns
N HOBble JaHHble prboCcoMHOro npodannuHra. Vicnonb3ys cnegbl pubocom Ha MPHK,
N3BJIEYEHHbIX N3 OPraHoOB 340POBbIX MbILEN pa3HOro Bo3pacTa, Mbl bygem nckarb
HOBble, paHee HeaHHOTMPOBaHHbIE COBLITUS TEPMUHALN TPAHCASALMN N N3y4YaTb MX
N3MeHeHns B npoLecce ctaperus. MNMpaBnnbHO onpefeneHHble Mecta TepMmHaLmm
TpaHcnmpyeMmbix yyactkoB MPHK nomoryT pasobparbcs B X QyHKLMKW, MOHATb
0COBEHHOCTY perynsaummn cuHTesa 6enka 1 ero Bo3pacTHbIX U3MEHEHWN.

(3) Mounck naptHepoB aemeTunasbl FTO

Vpa Ennceesa n BaHs Kynakosckuia, nporpaMMnpoBaHne + ctatucTmka

OnureHeTn4yeckas pasmeTka reHoMa NpeacTaBnsieT cobol 4ONONHUTENbHbIN
YPOBEHb MH(OpMaLK, ONPEAENSAOLLMIA aKTUBHOCTb SKCMPECCUm reHoB. [nobasnbHble
KapTbl MNOMOXEHNS MOONMDULNPOBaHHbIX HYKNeoTuaoB B Mosekynax OHK n
aMUHOKMCSIOT B XBOCTaxX YNakoBOYHbIX 6EMKOB-TMCTOHOB Y 9yKapuoT n3dyyarTcs
nasHo. IHTepec kK rnobansHbiM Mogudgrkaumsam PHK Bo3Huk nosxe. OgHom n3 yacto
BCTpeYatoLLMXCcs MogngurKaumn aBnseTcs MeTuIMpoBaHe ageHuHa (m6A), kotopoe
KOHTPONMPYET CTabunbHOCTb U 3heKTUBHOCTb TpaHcnaumm MPHK, n, B macwtabe
KNeTku, onddepeHUnpOoBKY 1 peakLmo Ha CTPECCOBLIE BO3OENCTBYS.

Benok FTO cnocobeH cHuMaTb MeTusnbHble MeTkn ¢ PHK, To ecTb yyacTByeT
B AVHAMNYECKOM U3MEHEHNWN SMUTEHETUYECKMX METOK, YTO MOXET ONpeaensTbh
anbTepHaTMBHbIN crnancuHr u nonnageHnnposaHne PHK. Oemetnnasa FTO
yyacTsyeT B (hOpMMpPOBaHN/ NaMsiTh, paHHEM Pa3BUTUM, @ HapYyLLUEHNS B €e Konnye-
CTBe HabnoaanTCs NPU PakoBbiX 3a60NeBaHNSX U OXMpeHUn. Kpome Toro, ogHo-
HyKeoTuaHas MyTaums B KatanmtnyeckoM AoMeHe 6enka NpuBOAUT K PaHHeln cmep-
THOCTW, 3afep>KKe B POCTE N MHOXECTBEHHBIM KOTHUTUBHBIM HapYLLUEHNSIM.

B xope npoekTa Mbl 6yaem cpaBHMBaTbL FnobanbHble FEHOMHbIE Pa3METKM,
noslyYyeHHble B 3KCMEPMEHTaxX NO NOUCKY yYacTkos cBasdbiBaHus OHK- n PHK-
cBsa3biBatoLLMX 6enkoB. Hawa uenb - HanTy noTeHumanbHbiX napTHepos FTO,
B3aMOAENCTBYIOLWMX UK paboTaloLmx COBMECTHO C HUM. B yacTHocTn, Byaem
nckatb OHK-cBsasbiBaowme 6enkun, onpegenstowme nocagky FTO Bo Bpems
TpaHckpunumn MPHK, n PHK-cBssbiBatowme 6enkun B panoHax nocagku FTO.
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Laboratory of Neurodegeneration //
JlabopaTtopusa HenpogereHepaTnBHbLIX
3abonesaHnn

Natalia Rodriguez Muela //
Hatanus Pogpurec Myena

Today up to 1 billion people -nearly one in six of the world’s population- suffer
from neurological disorders, with about 7 million dying each year. Neurodegenera-
tive diseases occur when nervous system cells (neurons) in the brain and spinal cord
begin to deteriorate. They are clinically characterized by a subtle onset and slowly
progressive course and are frequently hereditary. They share the common feature of
the selective loss of a particular subset of neuron. Motor neuron disorders (MND) are
among neurodegenerative diseases, being spinal muscular atrophy (SMA) and amy-
otrophic lateral sclerosis (ALS) the most common early and late onset MNDs respec-
tively and in both cases the neuron that selectively degenerates is the motor neuron
(MN). MNs are the nerve cells located in the spinal cord and in the cerebral cortex
that control muscle contraction and their degeneration leads to muscle weakness
and wasting. Why these neurons are selectively targeted by the disease is an intrigu-
ing question that remains unanswered and a matter of intense investigation world-
wide.

SMA is almost exclusively caused by mutations or deletions of the SMN1 gene,
being therefore a monogenic disease, and it is universally accepted that increasing
the amount of protein produced by the SMN1 gene, survival of motor neuron protein
(SMN), prevents the MN degeneration observed in the disease and improves the clin-
ical picture. The main goal of this course is to understand why SMN protein deficien-
cy leads to cell death. Despite MNs is the first and most severely affected cell type in
SMA, common pathological mechanisms can be revealed in other cell types easier to
work with in the lab. We will use the widely studied HEK293 line together with hu-
man fibroblasts and perform immunofluorescence-based and biochemical assays to
search for those disease pathways. During last year's SMTB we obtained very inter-
esting results on how the number, size and functionality of several cellular organelles
may be impaired upon SMN deficiency. This year we will dig deeper on the appear-
ance of pathological cellular processes that may lead to cell death pathways resulting
in the neuron loss observed in MNDs, focusing in mitochondria and lysosomes. We
will also investigate why SMN-deficient cells seem to be more susceptible only to
certain cell death pathways than control cells.

B HacTosiLee Bpems okono 1 munnvapga niogen - npuMepHoO ofHa wecTtas
HaceneHns 3eMnu - cTpagaeT OT HEBPOJOMMYECKMX 3a6oneBaHnin, eXXerogHo
YHOCSALLMUX NPUMEPHO 7 MJIH XXN3Hen. HenpopereHepaTtBHble 3a60n1eBaHns
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pas3BMBaloTCA Kak noTepst PyHKUMOHANIbHOCTU K/IETOK HEPBHOW CUCTEMBI
(HeMpoHOB) B rOIOBHOM 1 CMIMHHOM Mo3re. lNpoLecchl 3Ton AereHepauum
Ha4YMHaIOTCA HE3aMETHO, MPOTEKAOT MELIEHHO, 3a4aCTyl0 UMEIKOT HACNEACTBEHHYIO
NpeapacnonoXeHHOCTb U NMEIOT obLLme YepTbl, B NiiaHe noTepy onpeaenéHHbIX
rpynn HempoHoB. Cpean HelpoaereHepaTuBHbIX 3aboneBaHnii BolgensietTcs 60nes3Hb
MOTOPHbIX HenpoHoB (motor neuron disorders, MND) BkntovatoLLas cnvHanbHyo
MblLeYHyto atpoduto (spinal muscular atrophy, SMA) n 60KoBoI aMnoTPOPUHECKIN
cknepo3 (amyotrophic lateral sclerosis, ALS), o6Hapy>XuBaemble eXXerogHo y 0gHOro
13 50 000 yenoBek — Npu KOTOPbIX CENEKTUBHO AEreHeprpyroT Tak Ha3biBaemble
MOTOpPHbIe HenpoHbI (motor neuron, MN). MN — 3To HepBHbIe KNETKW, HaxogsaLmecs
B CMVHHOM MO3re 1 B KOpe rofIOBHOMO MO3ra, 1 UX AereHepauus Bedét K
ocnabneHuio 1 atpogumn MbliwL,. Bonpoc o Tom, NoYemMy MMEHHO 3TU HENPOHDI
CTO/b CENeKTMBHO 3aTparnsatoTcs 3abonesaHnemM, OCTaéTCa UHTPUMYIOLLMM U He
NMEIOLLM TOYHOMO OTBETA - U N3YYEHNIO 3TOr0 BOMpOca NOCBSLLEHbl MUHTEHCUBHbIE
nccnegoBaHns Mo BCeMy MUPY.

SMA npakTn4eckun Bcerga BbI3bIBAETCA MyTaUUsaMN U AeNeUnsiMn B reHe
SMN1 - 6ygyun,Takum o6pa3om, MOHOreHHbIM 3aboneBaHnem. A o6LLEenprHATO
4YTO yBenMyeHne KonmyecTs 6eska, nponssognmoro ¢ reHa SMN1 - «6enka
BbDKMBaHNSi MOTOPHbIX HEMPOHOB» (survival of motor neuron protein, SMN) -
npepotBpawaet MN-gerpagaumio, Habnogaemyto B 3abonesaHuun, 1 ynydaeT
KJTMHUYECKYIO KapTuHY. [NaBHOW Lenbio Halero npoekTa CTaHeT NOHUMaHne
Toro, nodemy gecpuunt 6enka SMN npmnBoguT K KnetoyHom rnéenn. Xota MN-
KNEeTKN - NepBUYHbIE N Hanboree 3afeicTBOBaHHbIe Npy SMA, aHanornyHble
naTonorn4yeckne MexaHn3mbl HabNIOOATCA U B KNETKax apyrux Tunos, 6onee
yAo6HbIX Ansg nabopaTopHbIX nccrnefosaHnii. Mbl ICAONb3YyeM LUMPOKO N3YYEHHYIO
nnHnio HEK293 BmecTe ¢ yenoseveckummn mbpobnactamu, 4YTobbl U3y4nTb C
MOMOLLIbIO IMMYHOMyOPECLEHTHbBIX Y BUOXMMUYECKUX METOAOB NYTU Pa3BUTUS
yNOMSIHYTOrO natoreHes3a. B npeabigyLume rogbl UMeHHO Ha SMTB Mbl nonyynnm
OYeHb MHTEepPEeCHbIe pesynbTaTbl O TOM, Kak MMEHHO KONMYeCTBO, pasMepsbl 1
hYHKUMOHANBHOCTb HEKOTOPbIX KNIETOYHBLIX OPraHessl MoryT ObiTb CBSi3aHbl C
neduvumtom SMN. B aToM rogy mbl 3arnsiHeM eLé rnyby>ke B NaTtosiorniyeckme
K/IETOYHbIE MPOLECChl, KOTOPbIE MOIYT BECTU K KNETOYHOMN rmbenn 1 nToroBomn
notepe HenpoHoB, Habntogaemon npy MND - a cokycmpyemcs Mbl Ha
MUTOXOHOPWSX 1 IM30COMax. Takxke, Mbl ndyunm, nodemy SMN-gedpmunTHbIE
KNeTKU BbIrNSaaT 6051ee npeapacnosiodKeHHbIMU K HEKOTOPbIM KOKHPETHBIM My TAM
KNETOYHOW rmbenn, Yem HopMasibHble (KOHTPOJTbHbIE) KIETKM.
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Laboratory of Rational

Drug Design // labopaTtopus
paunoHanbHOro gusanHa
NeKapCTBEHHbIX NpenapaTos

Peter Vlasov and
Polina Avdiunina // Nétp Bnacos
n NonnHa ABAtoHMHA

The main goal of the project is to give our students an outlook of modern rational
drug design and computational techniques aiding in drug discovery and personalized
medicine.

The educational process will include theoretical lectures and discussions on “hot”
topics on the interface of molecular biology and medicine, practice of systematic
approach towards target identification and self-research and data analysis. On the
scientific hand, we will learn and apply the most up-to-date modelling techniques to
establish protein structures, as well as to visualize protein-ligand interactions with the
aid of relevant biological and medical databases (e.g. genes and genomes, proteins
and drugs databases, etc.)

This year we would like to superimpose methods of genomics and systems biol-
ogy on the rational drug design approach, to embody the idea of personalized medi-
cine. We want to choose several promising protein targets from so-called “mitochon-
drial respiratory chain”. People quite often have mutations in the genes encoding
these protein targets that could potentially alter functions of these proteins and their
interactions with ligands - that may cause many different diseases. We will implement
the research and modelling of the effects of such mutations and evaluate individual
deviations in biochemistry and drug responses in corresponding people. In addition,
as it traditionally happens, new interesting problems and protein targets may acci-
dentally arise throughout the project.

maBHas Lenb NpoekTa - AaTb y4aCcTHUKaM MPeAcTaB/ieHne O COBPEMEHHbIX
TEOPETUYECKMX MeToAax pas3paboTKM NeKapPCTBEHHbLIX NpenapaTos 1 O
nepcoHann3npoBaHHON MeguLuuHe.

O6paszoBaTenbHasa cocTaBnstoLas NpoekTa BKIoYaeT obcy>aeHne
pa3HO0bpasHbIX TEM U TEXHOMOMIA BUOOrNN, NPUMEHSIEMbIX B MEANLVHE,
NPaKTKy CUCTEMHOIO Noaxoda B NMOUCKe MULLEHEN 1 CaMOCTOSITESbHbINA MOUCK
1 aHanus nHopmMaumn. HayyHasa coctaBnsioLLas NpoeKkTa BKIKYaEeT U3yyveHne n
NCMOSIb30BaHNE COBPEMEHHbBIX METOL,0B MOLEMUPOBAHUS BENKOBBIX CTPYKTYP U
6enoK-nMraHaHbIX B3auMOLENCTBUIA C MPUMEHEHNEM aKTyaslbHbIX 611010rMYeCcKIX
N MEAVLMHCKNX PecypcoB 1 6a3 AaHHbIX (Mo reHam un reHomam, 6enkam,
HN3KOMOJIEKYISIPHBIM COeOUHEHUSIM, NTEKaPCTBEHHbLIM Npenapartam u np.).

B aToM rogy Mbl XOTUM COBMECTUTb B HalleM NPOEKTe MeToAb! paLOHasIbHOro
Oun3anHa nekapcTB, FfEHOMUKN 1 CUCTEMHOWN 61oNorMm, YTobbl BONMOTUTL MAEWN
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nepcoHanM3npoBaHHol GruoMeanLmnHbL. 15 3TOro Mbl XOTUM BbiGpaTh B opraHna3me
yenoBeka HEeCKOJTbKO UHTEPECHbIX 6eNKOBbIX MULLIEHEN B TaK Ha3biBaeMoW
«OblXaTeNbHON Lenv nepeHoca aNeKTPpoHOB». B reHax, kogupyowwmx atn 6enku, y
pasHbIX JII0OEN HEPEAKO BCTPEYaoTCA MyTaLun, KOTOPbIe NOTEHLNANIbHO N3MEHSIIOT
hyHKLUMOHANBHOCTL 6€MKOB 1 VX B3aMMOOeNCTBUA C IMraHaammn — YTto, B CBOKO
o4yepefb, MOXET BECTU K pa3BUTUIO pasfinyHbIX 3a6osieBaHmnii. Mbl OCyLLLECTBUM
noucK 1 MogenMpoBaHve adhdekTa Taknux MyTaumi - u, TakiMM 06pas3om, OLLEHNM
VHAOVBMAYaSIbHblIE 0OCOGEHHOCTM COOTB. NoAei B 6MOXMMUN /N B peakumm

Ha niekapcTaa. Takxe, Kak TpaguLMOHHO CllydaeTcs B Halleln nabopaTtopum,

HOBblE MHTEePECHbIE 3a4a4n 1 KOHKPETHbIe 6e/IKOBbIE MULLEHN MOTYT NOSABUTLCS
«OUHAMUYECKN», MO XOAY NMPOeKTa.
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In case of emergency // Ha Bcsikui cnyyan

Fedya Kondrashov // ®eps KoHgpaluoB +43 (664) 883-262-14
Anya Puzyreva // Ans lNy3bipeBa +7 (926) 254-85-53
Masha Gavryushina // Mawa l"aBptowmHa +64 (635) 504-947







