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Laboratory of Artificial Life //
JlaBopaTopusi NICKYCCTBEHHOW XXN3HU

Elena Alkalaeva // EneHa Ankanaesa

Viral therapy is the direction of translational medicine, which involves the creation
of vectors based on viruses encoding and expressing therapeutic proteins in certain
tissues and in tumor cells. Due to the viral nature of the delivery of genetic material,
such therapy has serious limitations. First of all, they are associated with the risk of
uncontrolled replication of the virus and the premature expression of therapeutic pro-
teins. Our laboratory at the Institute of Molecular Biology develops a new system to
solve this problem. This system is based on the development of “one-time” viruses.
These are viruses carrying a genetic construct that encodes a therapeutic protein and
contains unnatural nucleotides. They will not replicate in cells, and genes encoded in
them will not be transcribed by cellular RNA polymerases. Transcription of genes with
artificial nucleotides will be possible only by viral mutant RNA polymerase, able to
read artificial nucleotides in the genes and transcribe them into natural mMRNA. Con-
sequently, the existence of such viruses will be completely controlled.

As part of the laboratory’s work in the summer school, we plan to analyze the
activity of mutant RNA polymerases we obtained — to determine their nucleotide
specificity and the accuracy of RNA synthesis using deep sequencing, to obtain RNA
in an in vitro transcription system and to synthesize the reporter protein using in vitro
translation system. Thus, the project participants will be able to see in the experiment
all three main processes occurring in the cells: DNA synthesis, RNA synthesis and
protein synthesis.

BupycHas Tepanusi — HanpaBneHne TPaHCNSALMOHHON MegULMHbI,
nogpasymeBaroLLee co3gaHne BEKTOPOB Ha OCHOBE BMPYCOB, KOOAUPYIOLLX
N 3KCMPEeCCHpPYOLLMX TepaneBTuieckme 6enky B onpeaeneHHbIX TKaHaX 1 B
ONyXOneBbIX KneTkax. 3-3a BUpyCcHOro xapakrepa A4OCTaBKU MreHETUYECKOro
Marepuana Takas Tepanus UMeeT cepbe3Hble orpaHnyeHuns. MNMpexae Bcero oHu
CBS3aHbl C PUCKOM HEKOHTPOIMPYEMOI pennnkaumm Bupyca n npexnespemMeHHoN
aKcnpeccumn TepaneBTudeckmx 6enkos. B Hawen nabopatopun B NHCTUTyTE
MOIEKYNSPHON Brosiornn BegeTcs pa3paboTka HOBOW CUCTEMbI O151 PELLEHNS STON
npobsembl. 3Ta CMCTEMA OCHOBaHa Ha Nony4YeHUn «0OHOPa30BbIX» BUPYCOB. OTO
BVPYCbI, HECYLLNE FEHETUYECKYIO KOHCTPYKLMIO, KOAVPYIOLLYIO TepaneBTn4ecKnii
6enoK 1 cogep>xallyto HenpupoaHble Hykneotuabl. OHM He ByayT pennuumMpoBaTbCs
B KJIeTKax, a reHbl 3aKoamnpoBaHHble B HUX He ByayT TpaHCKpMbupoBaTbCs
knetoyHbiMyn PHK nonnmepasamu. TpaHCKpUnuusa reHoB C UCKYCCTBEHHBIMI



HykneoTuaamy 6yneT BO3MOXXHO TOMbKO NOCPEACTBOM BMPYCHOW MyTaHTHOM
PHK nonvmepasbl, CnoCO6HOM YnTaTh NCKYCCTBEHHbIE HYKIEOTMABI B FeHax U1
TpaHcKkpubuposatb 1x B npupogHyto MPHK. To ecTb CyLLIEeCTBOBaHNE Taknx BUPYCOB
OyOeT NOSHOCTbIO KOHTPOIMPYEMbIM.

B pamkax paboTbl naboparopun B IETHEN LLKOSIE Mbl MaHMPYEM NPOBECTU
aHannM3 akTUBHOCTW NOJyYEeHHbIX HamMmu MyTaHTHbIX PHK nonumepas — onpegenutb
C NOMOLLBIO TyH6OKOro CEKBEHNPOBAHWS NX CNELMEUYHOCTb K HYKNeoTugam
1 To4yHOCTb cuHTe3a PHK, nonyunts ¢ nx nomowbto PHK B cucteme in vitro
TPaHCKPUMNLMA U CUHTE3NPOBATL C HEE PEMOPTEPHbLIN BENOK B CUCTEME in Vitro
TpaHcnauun. Takum 06pasom, y4aCTHUKM NPOoeKTa CMOryT YBULETb B 9KCNEPUMEHTE
BCE TPW OCHOBHbIEe NpoLecca, NpoTeKkarLwmx B kneTkax: cuHted HK, cuHtes PHK,
CcuHTE3 benka.



Laboratory of Human Immune Disease
Genetics // lTabopaTopusi reHETUKN
UMMYHHbIX 3a6oneBaHnin Yenoseka

Tiffany Amariuta //
TudpdarHn AmapuyTta

While some human diseases are regulated by a single gene, most diseases are
regulated by many, sometimes hundreds of factors, both genetic and environmen-
tal. These specific genetic factors, or nucleotides in the DNA sequence, vary be-
tween individuals. Genome-wide association studies (GWAS) have identified and
quantified thousands of associations between single nucleotide polymorphisms
(SNPs) and phenotypes, including diseases such as diabetes and anthropomor-
phic traits such as height. It has been estimated that more than 90% of these
associations implicate SNPs in the noncoding genome. The noncoding genome is
a vast space, accounting for approximately 98% of the 3 billion nucleotides in the
human genome. For this reason, trait-associated SNPs identified in these noncod-
ing regions are typically poorly characterized and have uncertain function. SNPs
may have functional impacts on both proximal and distal DNA sequences, or reg-
ulatory elements, and may affect protein binding affinities, the accessibility or 3D
conformation of the chromatin, and more. Adding to this complexity, the regula-
tory elements that are functionally affected by SNPs operate in cell-type-specific
contexts. For these reasons, understanding regulatory variation, especially in the
noncoding genome, may contribute valuable insight into human diseases and
traits.

In the lab, we will computationally integrate transcriptomic, epigenomic, and
genetic data, characterizing functional activity of different regulatory elements, in
order to better understand mechanisms of human disease, focusing on the auto-
immune disease rheumatoid arthritis. In terms of data, we will use single cell RNA
sequencing of human immune cells collected from healthy (control) and diseased
(case) individuals, transcription factor and protein binding data from ChIP-seq
(chromatin immunoprecipitation sequencing), and human GWAS SNP-trait associ-
ation values. First, we will identify transcriptomic and cellular differences between
cases and controls. Specifically, we will identify which genes are differentially
expressed between cases and controls and which cellular populations are differ-
entially expanded. Second, we will make mechanistic hypotheses for these differ-
ences by integrating ChlP-seq. Specifically, we will identify which proteins are ob-
served to bind in promoters or enhancers, identified with HiC data, of differentially
expressed genes and marker genes of differentially expanded cellular populations.
Third, we will integrate our findings with GWAS data to test if the SNPs located



near our identified candidate regulatory genes have larger disease association
values than expected by chance, validating our transcriptomic and epigenomic
findings.

This project will require programming in R, or another familiar language, and
statistical applications, both of which will be taught to students; no background in
programming or statistics is required.

HecmoTps Ha To, 4TO HEKOTOpbIe YernioBeyeckre 601e3HN PEryNnNpyrTCA KakM-
TO OHUM reHom, 6onbLuas YacTb 3a60neBaHN 3aBMCUT OT MHOXECTBA (HhakTopoB
reHETUKM U OKpY>KatoLLen cpedbl. TakmmMmu pakTopamm SBNSIOTCA HYKNeoTuabI
[OHK, KoTopble pasnmyatoTcs y pasHbIX MHAMBUAYYMOB. [1OHOreHOMHbIN NOUCK
accoumauuin (GWAS) onpegenun Tbica4m OOHOHYKNEOTUAHbIX MOMMOP{U3MOB
(SNPs), B3anmocBsi3aHHbIX € (heHoTUnamu, Bkovas 6one3Hn (Hanpumep, ouaber)
1 BHELWHME Npu3Haku (Hanpumep, pocT). CornacHo pacyetam, 6onee 90% Bcex
SNPs npuxogsatcs Ha HEKOAMPYIOLLYIO YacTb reHOMa, KOTopas 3aH1MaeT NpYMepHO
98% oT Tpex MuIInapLoB HyKeOTMAOB, COCTaBNSAOLLMX BECb YeI0BEYECKINI
reHom. 1o aToi npuynHe cBsi3aHHble ¢ heHoTunamy SNPS 13 HekogupyroLLMxX
obnacTern 06bI4HO Mao N3y4eHbl, a UX PyHKUMM HensBecTHbl. SNPs moryT
oKasblBaTb BO3OENCTBME KaK Ha BNMXKHME, Tak U Ha OTOANIEHHbIE MeHbl, U Ha
perynsTopHbIE 31eMEHTbI, U BAMSATb Ha ah(PUHHOCTL CBA3bIBaHWS 6eNKOB 1n
KoHopmauuo xpomaTtrHa. bonee Toro, perynstopHble 31eMeHTbI, 3aBuCsLLME OT
SNPs, BegyT cebs no-pasHoMy B 3aBUCMMOCTM OT TUNa KNeTok. MNoatomy nayyeHve
N3MEHYNBOCTN, OCOBEHHO B HEKOAMPYIOLLEN HYAaCTN FreHOMa, MOXKET BHECTU Li€HHbI
BKNad B MOHMMaHWe YyenoBeyecknx 60nesHen.

B aToin nabopaTtopui Mbl COBMECTUM TPAHCKPUMTOMHbIE, ANNreHETUYECKINE U
reHeTU4YeCcKmne OaHHbIe, XapakTepu3yoLLMe akTUBHOCTb Pas3INYHbIX PErynsTOpHbIX
31eMEeHTOB, YTObbI Nyylle NOHATb MexaHn3Mbl 60M1e3Hel, N COCPeaoToUMCS
Ha ayTOMMMYHHOM 3ab0neBaHUn — peBMaTongHOM apTpute. Mbl MCNONb3yeMm
cekBeHvpoBaHe PHK ognHOYHbIX KNETOK MMMYHHOW CUCTEMbI, B3ATbIX Y
300pOBbIX (KOHTPOJIbHASA rpynna) n 60/bHbIX (SKCNepuMeHTanbHas) nonen,
NHOPMALIMIO O CBSA3bIBAHUN TPAHCKPUMNLMOHHbIX hakTopoB u 6enkos n3 ChiP-seq
(cekBeHVpPOBaHVe NMMYHOMPELMNUTaLMN XPOMaTHA) U AaHHbIE O B3aMMOCBSI3M
mexay SNPs n deHotunamu na GWAS. CHavana Mbl yCTaHOBUM TPAHCKPUNTOMHbIE
N KNETOYHbIE Pa3Nnyns MeXay KOHTPOSbHONW 1 SKCMepuMeHTaIbHOW rpynnamu.

B vacTHOCTM, Mbl ONpeaenum pasHuLy B 3KCNPECCUN FreHOB 1 PacLUMPEHN
nonynaumi knetok. Mocne, ncnonssys gaHHsle ChlP-seq, Mbl BbiABMHEM rMnoTe3y,
06bsACHSOLLY0 3T pasnmuns. OcHoBbIBasicb Ha AaHHbIX HiC, Mbl onpegenvm, kakne
6enKn CBA3bIBAIOTCA C NPOMOTOPaMU U SHXaHCepamMun pasinyHO 3KCNPeCcCpyemMbIxX
1N MapKepHbIX FTEHOB B Npefenax KAeToYHbIX Nonynsauun. 3ateM Mbl COBMECTUM
pesynbTarthbl ¢ gaHHbIMU GWAS, 4To6bl NPOBEPUTL, NPosABNAOT N SNPs,
pacnofioXKeHHble PSAOM C HaNOEHHbIMU PEryAsaTOPHLIMU FeHamMu, CTaTUCTUYECKN
3HAYUMbI YPOBEHb aCCOLMMPOBAHHOCTY C 6ONE3HAMMN.

PaboTa Hap npoekToM NoTpebyeT nporpaMMmpoBaHns Ha R n ctatucTukm, yemy
CTYOEHTOB 00yyaT HEMOCPEACTBEHHO B Nlabopatopun. Hukaknx npegsapuTesibHbIN
3HaHWM He TpebyeTcs.



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

Mikhail Gelfand // Muxaun "enbtaHg

As usual, the projects in our lab are self-contained fragments of our research
performed in Moscow, Heidelberg, Vienna and Hinxton (UK). This year, along with
traditional bacterial genomics problems (evolution of unusual bacteria having two
chromosomes instead of one, Olga Bochkareva) we will study eukaryote genomes.
We will compare promoters of transcription in yeasts, fruit flies, and mammals (Olga
Sigalova); study mutations and chromosome rearrangements caused by desiccation
in the famous sleeping chironomid (Nurislam Shaykhutdinov); search for new genes
hidden in mitochondrial genomes (Pavel Kravchenko); identify genes involved in sex
determination in daphnia (Alexey Popov). In addition we will train neural networks to
recognize promoters and enhancers in eukaryotes (Laura Avifié Esteban) and to un-
derstand regulation of gene expression in bacteria (Zoe Chervontseva).

If you already have some programming experience, this is fine, but not essential
— we will teach you the basics and select a problem where you will be able to apply
your newly acquired knowledge. Each project will be done by one or two students
with an advisor.

For a more detailed description of our projects go to http://tiny.cc/smtb19.

Kak Bcerga, npoekTbl Halen nabopaTtopumn — 3TO CaMOCTOATESbHbIE YacTh
nccnegosaHnii, NPoBoAMMbIX HaMmy B Mockse, Menpenbbepre, BeHe 1 XHKCTOHe
(BenukobpuTtaHus). B aTom rogy, Hapsgy € TpaouuMoHHbIMY 3afavamm B o6nactu
reHOMUKKN 6akTepuin (3BOMIOLMS HEOBbIYHBIX 6aKTEPUIA, UMEIOLLMX OBE XPOMOCOMbI,
Onbra boukapeBa), Mbl 6yAemM MHOMO 3aHMaTbCs aykapuoTamu. B gpoxokax,
Opo3odunax 1 MaekonuTaroLmx Mbl 6yaemM cpaBHMBaTb PasnyHbIE TUMbI
npomoTopoB TpaHckpunumn (Onbra Cruranosa); y 3HAMEHNTOrO BbIChIXatOLLEro
KoMapa Mbl 6ygem n3ydaTb MyTaumMm U XPOMOCOMHbIE NEePECTPONKM, BO3HMKAKOLLNE
B pe3ynbTare o6e3soxuBaHms (Hypucnam LLanxyTanHOB); Mbl MOWLLEM HOBbIE MEHBb,
cnpsiTaHHble B reHoMax mutoxoHapuii (Masen KpaB4yeHko); nonpobyem y3HaTb,
Kakue reHbl onpegenstoT nona y gadHun (Anekcen lNMonos). Kpome Toro, mbl 6ygem
YUUTb HEMPOHHbBIE CETU Y3HaBaTb, Kak B3aUMOLENCTBYOT MPOMOTOPbI U 3HXaHCEPbI
y aykapuoT (Jlaypa JlaBnHb0 ScTebaH) 1 Kak perynmpyetcs paboTta reHoB y
bakTepuii (Bos YepBoHLEeBa).

Ecnu Bbl y>Xe ymeeTe HEMHOIo NporpaMmMmnpoBaTh — XOPOLLO, HO 3TO He
ABnsieTcs 06513aTeNlbHbIM YCOBUEM: Mbl Hay4IM Bac OCHOBaM NporpaMM1poBaHus
1 nogbepem 3agadvy, B KOTOPOWN Bbl CMOXXETE NPUMEHUTL CBOU HOBbIE YMEHNSI.



Kaxxgyto 3agavy 6ynyT nenatb ogvH-ABa CTygeHTa C OOHUM PYKOBOAUTENEM.
MogpobHee Npo HawwW NPOEKTbI MOXHO npounTaTth TyT: http://tiny.cc/smtb19.




Laboratory of Protein Biochemistry //
JlabopaTtopusa 6enkoson 6Guoxmmmmn

Natalia Ketaren // Hatanusa KetapeH

Proteins are the workers of a cell. They create networks of interactions with other
proteins to allow a cell to function. An example is the TCA cycle/Krebs cycle, which is
a sequence of reactions catalyzed at each step by a protein, allowing our cells to de-
rive stored energy in our bodies that provides us with the energy we need to survive.

When we attempt to elucidate the mechanism of such a fundamental reaction
pathway in the cell, we need to know what proteins are involved. How do we do this?
How can we being to understand what proteins are associated with a fundamental
process, such as a signaling pathway involved in cancer progression or the cascade
of signaling reactions that occur upon infection of a cell? How do we study pro-
tein-protein interactions (PPls)?

A major tool to study biological PPIs is Co-Immunoprecipitation (Co-IP). The prin-
cipal of the immunoprecipitation technique, is that an antibody, specific for a target
protein is immobilized on a surface (most commonly a bead) where it forms a com-
plex with the protein it recognizes, effectively ‘capturing’ its target protein. In Co-IP
experiments, the antibody captures its target protein (antigen) and any other protein
(secondary protein(s)) that interacts with its target protein (Fig. 1). After capture, a
series of buffer washes are performed to remove any non-specific interacting com-
ponents and the sample is eluted off the beads and the eluate analyzed to determine
the protein composition.

To perform Co-IP experiments efficiently and effectively we need the following:

[ Quality antibodies and reagents
i

i) A hypothesis for the system we’re studying
ii
iii Robust experimental design

iv)  Carefully made buffers

,\,\,\,\
=

Our lab exclusively utilizes a unique antibody variant for our Co-IP experiments,
called a “nanobody”.

In nature there exists a type of antibody composed solely of heavy-chain glyco-
proteins. 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 camels, alpacas and llamas. 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 glycoprotein subunit is the nanobody (Fig. 2). At 15 kDa, a nanobody
retains the specificity and affinity of a conventional antibody even though it is 10
times smaller, making it the smallest naturally occurring antibody fragment identified
to date.

What we aim to do in the lab is optimize our current Co-IP protocol as there are
common problems faced when performing such experiments. Such as:

1) Inefficient antibody attachment to beads:

When antibodies are immobilized to the surface of the beads it begins with a
chemical coupling followed by a precipitation of the antibody to the surface of the
beads. The precipitation step is required to ensure as much antibody as possible is
immobilized to the surface of the beads. This precipitation can affect the quality of
the antibody on the surface of the beads and requires a lot of antibody. If we could
skip this precipitation step, we could effectively decrease the concentration of anti-
body required for immobilization thereby resulting in drastically less antibody waste.
This has the potential to significantly reduce the costs of experimentation.

2) Antibody fragment interference:

If the antibody which is used to capture our target protein is present in our re-
sults, this can negatively affect our data analysis. We would like to try a few different
methods to release the protein complex from the antibody to decrease antibody con-
tamination of the protein complexes we are analyzing.

What we will be exploring in this lab are the following two aims:

Aim 1 - Determine whether we can increase the efficiency of our nanobodies be-
ing immobilized to beads for Co-IP experiments.

Aim 2 - Determine whether we can release our target protein complex efficiently
from our antibody.

Antibody binds protein,
Incubate lysate with beads are wasncd to remove Cut bands from SDS-PAGE
beads functionalised with non-bindin, oleins ar gel, in gel digestion
Harvest and lyse specific antibody for retain prole ns in complex Elule cumo\ex SDS-PAGE of with trypsin then add identify
cellshtissue protein of intarest with protein of interest from beads eluted proteins proteins by MS/MS

2 u—r-
¥ % b+ [
OBead

Y Antibody
Outline of a Co-IP experiment. // Cxema npoTokona Ko-MMMyHOMpeuunuTaumm.

MS

R
1
IR

In the lab, you will perform a series of Co-Immunoprecipitation assays to inves-
tigate the above two aims in addition to learning bead conjugation, protein quantita-
tion and Western blot analysis. Our results have the potential to increase the efficien-
cy and effectiveness of nanobody technology for the study of any protein interaction
network using Co-IP.
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Conventional Camelid single Nanobody Comparison between con-
antibody chain antibody (VyH) ventional antibodies and

ANTIGEN heavy-chain only antibod-

Vh ies showing the 15 kDa
Vi Cul VyH nanobody (VHH) fragment.
C ~15kDa // CpaBHeHMe 06bIYHbIX
Cy2 Cy2 aHTUTEN N aHTUTen,
a3 Ca3 COCTOSLUUX NNLb 13
TSKESIoN Lenu.
~150kDa ~100kDa

Benkn - aTo “paboune” knetok. OHN OpraHM3yIoT Lesble CETU B3aMMOAENCTBUIA
OpYyr ¢ opyrom, 4tobbl obecnevnTb PYHKUMOHMPOBaHME KNeToK. [pnumepom Tomy
aBnseTcs umkn Kpebca - KoTopbI NpeacTaBnsieT cobon nocnenoBaTeslbHOCTb
peakumi, Ha KaXXAoM Luare Katanuanpyembix 6esKkamu, 4YTo NO3BOASET HALLMM
KneTkam BbICBOOOANTb 3anaceHHyo B HALLUX Tenax SHEPruto, YTobbl 06ecneynTb eto
HalLM NPOLLECChI XXN3HeOesATeTbHOCTU.

Korpa Mbl NblITaemMcs BbISCHUTb MEXaHU3M CTOJb (DyHOAMEHTa/IbHOrO
MeTabonmMyecKoro NyTu B KNeTKax, Mbl Hy>KAaemcs B 3HaHUW TOro, Kakue 6enku
B HEero BoBfieyeHbl. Kak oHu a1o genatoT? Kak Mbl MOXKeM pa3obpartbCs B TOM,
Kakune 6enkun accounmpoBaHbl ¢ (hyHAaMeHTabHbIMW NPOLLECCamm, TaKMMN Kak
CUMHasbHbIN MyTb, BOBIEYEHHbIN B OHKOreHes, UM Kak Kackap, CUrHasibHbIX
peakumi, BKIIIOHAIOLLMXCS NMPU BTOPXKEHUN B KNETKY UHMeKUmn? Kak BooOLLE Mbl
MO>KeM n3y4daTtb 6enok-6enkoBble B3aumopencTaus (protein-protein interactions,
PPI)?

'naBHbIM NHCTPYMEHTOB n3y4yeHns PPl aBnseTcs Tak Ha3biBaemas Ko-
nmmyHonpeunnutaums (Co-Immunoprecipitation, Co-IP). MpuHUMN 3TON TEXHUKMK
COCTOUT B TOM, YTO aHTUTENO, creundmryeckoe anst KOHKPETHOro “6enka-
MULLEHN”, UMMOBUNN3NPOBAHHO (3aKPEenIeHO) Ha MOBEPXHOCTM OCOBbIX rpaHy,

Ha KOTOPbIX aHTUTENO 06pas3yeT, B UTOre, KOMMJIEKC C pacrno3HaBaemMbiM GEIKOM.
B Co-IP akcneprmMeHTax, ganee Kk o6pasyemMomy KOMMIEKCY NPUCOEANHAETCS Tak
Ha3blBaeMbIN “BTOPUYHBIN” 60K, B3aUMOOENCTBYOLWNIA C 6enkoM-muLeHbto (Fig.
1). HakoHeL, cepurei 0OTMbIBOK pasnuyHbIMy BydepHbIMI pacTBopamim fobrsatoTcs
yaaneHus nobbix He-cneunguyHbIX B3auMMOAENCTBYOLLMX KOMIOHEHT, YTOObI
[obUTLCA OT UTOrOBOro 06pasLa YNCTbIX KOMMIEKCOB, NMPUrOAHbIX A1 HAAEXXHOro
onpegeneHns CoCTaBASIOLWNX NX 6enKoB.

[ns kayecTBeHHOro npoeeaeHus Co-IP skcnepnMeHTOB, TpebyeTcs creaytoLLlee:

) 'MnoTes3a 0 KOHKPETUKE U3y4aemMblX B3aMOLENCTBUN
i)  KauyecTBeHHble aHTUTENa 1 MPoYNe peareHTbl

i)  YéTkum gmnsanH sKkcrnepumeHTa

iv)  AKKypaTHO noaroToBneHHble 6ydepHble pacTBOpPbI

B Haweln nabopaTtopumn anst Co-IP akcneprMeHTOB NCMONb3YyeTCs YHUKaibHas
Pa3HOBUOHOCTb aHTUTEN - HadblBaemblx “HaHaTenamun” (“nanobody”).
B npupogae cyLecTByOT pa3HOBUOHOCTb aHTUTES], COCTOSILLMX NINLLb N3 TSXKENON
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uenu rnNKONPOTEMHOB. OTW aHTUTeNa Ha3BaHbl COOTBETCTBYIOLLIMM 06pa3oMm -
“heavy-chain only antibodies”, HCAb. 3Tu aHTUTena He ob6Hapy>XeHb! y Ntogen
N noeHTnhnumpoBaHsbl NnwWwbL B ocoboMm cemenctee Camelidae, BkntoyaroLem
Bepbnogos 1 nam. HCAb yHuKabHbl 1 BO MHOFOM OTAINYAlOTCA OT “Kraccmyecknx”
aTuHTen. OQHO M3 KNHYEBLIX Pa3fIMynii - TO, YTO CalT UX B3aMMOLENCTBUS C
aHTUIreHOM ABNSETCSA NPOCTbIM, €ANHUYHBIM OMEHOM CyObeanHULbI FMKonpoTenHa
(a He obpa3oBaH HECKONBKUMM LOMEHAMU, KaK Y “Kriaccuyecknx” aHtuTen). 9Tot
OOMeH 1 HasbiBaeTcs “HaHoTenom” (Fig. 2). Obnapas maccon 15 ka n 6yaoyun
B 10Tb pa3 meHbLuUe (!) 4eM OBbIYHbIE AaHTUTENA, HAHOTENA COXPAHSIIOT BbICOKYHO
cneundu4HOCTb N apPMHHOCTb K aHTUMEHaM - SIBSSICb, TakM 06pasoMm,
HaVMeHbLUMMWN N3 OBHapYy>XeHHbIX (Ha AaHHbI MOMEHT) B NPUPOoAe aHTUTeNnamu.
Llenb pa6oT B Hawel naboparopun - ONTUMU3NPOBaTb Hawn HeiHewHue Co-IP
NPOTOKOSIbl TakM 06pa3oM, YTOObI PELLNTb HEKOTOPbIE akTyaslibHble Mpobiembl
BbILLEONNCaHHbIX 9KCNEPUMEHTOB. Hanpumep:

1) Mnoxoe npukpenneHne aHTUTEN K NOBEPXHOCTU FpaHyi:

MpoLuecc NpuKpenneHns aHTUTEN K rpaHynaM HaunHaeTcst C XMMUYECKOro
B3aVMOLENCTBUS aHTUTEN N MOBEPXHOCTU FpaHy 1 npoLecca Tak Ha3biBaeMown
npeunnutaumn (“BeinageHuns”). Mpeunnutauns TpebyeT HACTONBLKO MHOIO aHTUTEN,
HaCKO/bKO BOOOLLE BO3MOXHO MPUKPENUTL K rpaHynam. VI ecnm 6bl Mbl Mornm
ybpaTb CTaamio NpeumnuTauum - Mbl 6bl CyLLLEECTBEHHO YMEHBLLUNAM KOHLEHTPaLNIO
aHTUTEenN 1 cokpaTuimn 6bl X pacxod. STO 3aMEeTHO YMEHbLUWO 6bl CTOMMOCTb
aKCnepuMeHTa.

2) NHTepcepeHuus pparmeHTOB aHTUTEN:
Ecnu aHTTENO, NCnonb3yemoe Ans “noMmMmkin” Hawero 6enka-mMuleHn, ocTaeTcs
B UTOrOBOM 06pasLie - 3TO HeraTMBHO BNSIET HA MHTEPNPETaLMIO Pe3ynbTaToB
akcnepumeHTa. Mbl XOTM nonpoboBaTh HECKOJIbKO HOBbIX METOL,0B O/15
0cB06OXAEHNST 6ENKOBbIX KOMMIEKCOB OT aHTUTES
COOTBETCTBEHHO, LeNSIMUN HALLNX NCCNEAOBaHNI SABMSIOTCS ABE CNeayoLlme:

Llenb 1 - onpenenutb, BO3MOXHO UK HET YBENUUUTE 3P HEKTUBHOCTD
UMMOOBUNN3aLMM aHTUTEN HA NMOBEPXHOCTUN FpaHyIi.

Llenb 2 - onpenenntb, BO3MOXHO 5 6051ee ahheKTUBHO OUMLLATE KOMMEKChI
6EenNKOB-MULLEHE OT aHTUTEN.

B nabopatopun Mbl NpoBELEM CEPUIO KO-UMMYHOMPELMNMUTALMOHHbIX
9KCNEepUMEHTOB Mo 06enM 03BYYEHHbIX Bbilwe Lensim. KoHeuHo, aTtomy 6yaeT
npepLlecTeoBaTb 0b6yyeHe paboTe ¢ rpaHynamm, O4MCTKe 6eflkoBbIX NpenapaTos n
BeCTepH-6noT-aHann3y. Pe3ynbtaThl, HA KOTOPbIE Mbl MOTEHLUMATbHO PAcCUYNTbIBAEM
- yBENUYUTL 3PEKTUBHOCTL TEXHONOMUN aHTUTEN aNns ewé 6onee yCnewHoro
n3yyeHnss 6enkoBbIx B3anmogencteui metogamu Co-IP.
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Laboratory of Extreme Genomic
Conservation // Jlabopatopusi
nccnegoBaHNsa KCTPEMasbHON
reHOMHOW KOHCEPBaTUBHOCTM

Dmitry Korkin // Omutpuin KopkunH

The goal of this computational Lab is to study extreme genomic conservation in
eukaryotic genomes. Genomic elements of extreme conservation are DNA sequenc-
es that are exactly or nearly 100% identical (only a few base substitutions, insertions
or deletions are allowed) among three or more genomes. In 2004, hundreds of ele-
ments were discovered in syntenic positions across several mammalian genomes
and were named ultraconserved elements (UCEs). Later, the findings were expanded
to include UCEs shared across genomes as diverged as tetrapods, fishes and arthro-
pods, as well as thousands of more highly similar sequences with only a few point
mutations. Unfortunately, little data are available on UCEs outside of the Eumetazoa:
although some ultraconserved elements have been discovered in flowering plants,
evidence for similar features in more diverged groups has yet to be found. Another
question that remains poorly understood is the relationship between the population
diversity and the extreme conservation of the genomes.

We have recently developed a new computational approach that allowed us
to detect a new class of extreme genomic elements found across wide spectrum
of plants and animals. We call this class Long Identical Multispecies Elements (or
LIMEs). The work in the lab will be built around these new data. Specifically, we are
planning to address the following topics:

1. Structural annotation of LIMEs in plant genomes; creating a comprehensive
map of plant LIMEs and understanding their evolution.

2. Functional annotation of plant LIMEs.

3. Structural bioinformatics of the genes that include plant LIMEs: modelling their
structure, obtaining domain architecture, understanding their role in protein interac-
tion network.

4. Studying LIMEs in organelle genomes: mitochondria and chloroplast.

Llenbto npoekTa Haweln nabopaTopun SBASIETCA N3YYeHNE Y4acTKOB
9KCTPEMasIbHON KOHCEPBATUBHOCTY B 3YKapMOTUYECKUX reHoMax. Takme y4yacTku
npencTaBnsaoT coboto nocneposatensHocTy OAHK ¢ abcontoTHOM nnm noytun
100% MOEHTMYHOCTLIO (MoApasyMeBaeTcs JMLb HEOObLLIOE KONMMYECTBO 3aMeH,
BCTaBOK 1 Aeneunin) B Tpéx 1 6onee reHomax. B 2004 r., TbICAYM TaKMX 31EMEHTOB
ObIIn OTKPbITbl B TOYKAX CUHTEHUN HEKOTOPbLIX reHOMOB MJieKoNMnTarowmnx — "1
NoJIy4nnIN Ha3BaHe «ynbTPaKOHCEPBAaTMBHbIX 3/1eMeHToB» (ultraconserved el-
ements, UCE). NocnegytoLme nccneposanuns paclmpunm pasmetky UCE Ha
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MHOXECTBO PasNYHbIX FEHOMOB, OBHAPY>XXUB ThICAYMN TakMX y4acTKOB CO BCEro
HECKOTbKUMU TOYEYHbIMU MyTaumsamn. K coxxaneHuto, fanbHenwmne nccrnegoBaHuns
UCE 3aTpygHeHbl ManbiM KOIMYECTBO OaHHbIX MO reHoMaMm: HarnpriMep, HEKOTOopble
y/bTPaKoHCEepPBaTUBHbIE 3NIEeMEHTbI Obii 06HapPY>KeHbl B pacTeHUsIX, a BOT
CBUOETENbCTBA UX CYLLLECTBOBaHNS B O0Nee «dK30TUHECKNX>» BUOAX XXNBOIrO

noka He-nony4yeHbl. [pyrum Manonsdy4eHHbIM noka BONpoCcoM OCTaéTCH CBA3b
nonynsUMOHHOIrO Pa3HOObpPasns N 3KCTPEMAIbHON KOHCEPBATUBHOCTUN B rEeHOMax.

Hamun 6bin HegaBHO pa3paboTaH HOBbIN BbIYNCINTENIbHBIA METOL, KOTOPbI
No3BOSISIET OOHAPYKMBATL 3/IEMEHTbI 9KCTPEMASIBHON KOHCEPBATUBHOCTY B CaMbIX
pa3HOObpasHbIX FEHOMax PacTEeHU U XXUBOTHbIX. Takomn Kacc 3/1eMEHTOB Obin
HasBaH HaMW «AVHHBIMU NOEHTUYHBIMY MEXBUAOBLIMU 3nemMeHTamu» (Long ldenti-
cal Multispecies Elements, LIMEs).

PaboTa B Hawen nabopatopun 6ygeT opraHM3oBaHa BOKPYT BbILLEYNOMSHYTbIX
TemMaTuK 1 AaHHbIX. Mbl nnaHupyem 6osee NpucTanbHO UCCNENoBaTh CreaytoLme
BOMPOCH!:

1. CtpykTypHas aHHoTaums LIME-3nemMeHTOB B reHOMax pacTeHuid; co3gaHme
obbemntoLLeln kapTbl pacTutesnbHbix LIME 0B 1 n3yyeHune nx spontouun.

2. OyHKUnoHaneHasa aHHoTaums pactutenbHbix LIME’oB.

3. CTpykTypHasa 6ronHgopmaTka reHoB, B KOTOPbIX BCTpeYatoTcs
pactutensHble LIME’bl: MOgennpoBaHue nx CTpyKTypbl, TOCTPOEHNE JOMEHHOMN
APXUTEKTYPbI, N3YYEHNE UX POSIEN B CETAX BENKOBLIX B3aUMOLENCTBIIN.

4. N'3yyeHne LIME-aneMeHTOB B reHOMax pasfinyHbIX OpraHesii: MUTOXOHOPWI 1
XJI0PONIacToB.
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Laboratory of Bioinformatics //
JlabopaTtopusi 6ronHpopMaTmKin

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

We will perform computational analysis of experimental data on gene regulation
on the levels of transcription and translation. In our work we will use Linux OS environ-
ment, scripting languages, such as Python, methods of data analysis, statistics and
machine learning.

We plan two projects:

(1) For students who have programming skills or know the basics of data analysis.
Prediction of open active chromatin regions and gene regulatory regions in the
human genome using artificial neural networks. The aim of the project will be to obtain
a compact computational representation of regulatory regions structure in a particular
cell type. We will validate the models using data on allele-specific transcription factor

binding and single-nucleotide variants affecting gene expression.

(2) For students without prior programming skills who want to learn bioinformatics
for processing high-throughput sequencing data.

Analysis of ribosome profiling (Ribo-Seq) data. We will employ a full pipeline for
computational analysis of high-throughput sequencing experiments that reveal ribo-
some occupancy of all transcribed mRNAs of the human genome. We will identify
changes in the ribosome locations that arise from epitranscriptomic mRNA modifica-
tions in translated and untranslated segments of transcripts.

Mbl 6ynem 3aHMMaTbCS BblYMCNUTENBbHBIMY 3afa4amim, CBS3aHHbIMU C
perynsiuMen aKCnpeccu reHoB Ha YPOBHE TPAHCKPUMNLMW 1 TpaHcsumn. B
paboTe Mbl 6yLemM UCMONb30BaTb OKPY>KEHNE ornepauoHHON cucTeMbl Linux,
NporpamMMnpoBaHne Ha CKPUNTOBbLIX A3blKax, Taknx Kak Python, meTonpl aHannsa
OaHHbIX, MALWMHHOIrO 06Yy4YeHMs U MaTeEMaTUYECKON CTaTUCTUKN.

MbI nnaHupyem paboTy no ABYM HanpaB/IeHUSIM:

(1) ng Tex KTO y>Ke yMeeT NporpaMmMmpoBaTh WK 3HaKOM C MeTogamu
aHanuaa gaHHbIX. [peackasaHne obnacteil OTKPbITOro akTUBHOMO XpoMaTtuHa
N PErYNSTOPHbBIX YHACTKOB B FreHOME YesTI0BEKA C MOMOLLBHO MCKYCCTBEHHbIX
HepoceTen.

3apaya 6yfeT cocToATb B MOMYYEHUN KOMMNAKTHOrO NpeacTaB/ieHns
NHopMaLM O CTPYKTYPE PENYNATOPHbIX PaiOHOB B KOHKPETHOM TUME KETOK.

TecTpoBaTh BblMUCIIUTENbHbIE MOAENN Mbl BygeM Ha AaHHbIX O BAUSHAN
OTOE/bHbIX FEHETUYECKNX BAPMAHTOB Ha CBA3bIBAHME PEryNSTOPHbIX OEKOB 1
aKTUBHOCTb TPaHCKPUMNLUA KOHKPETHbIX FEHOB.

(2) ns Tex, KTO HEe YMEET NPOrpaMMmnpoBaTh, HO XO4ET Hay4MUTbCS 6a30BoW
6ronHhopmaTrKe o 06paboTKN AaHHbIX BbICOKONPON3BOAUTENBHOIO
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CEeKBEHVIPOBaHWs1.

AHanns gaHHbIX prboCcoMHOro npodannuHra. Mel IpoaemM NOJHbINA LUK
KOMMbIOTEPHON 06paboTKM OaHHbIX BbICOKOMPOW3BOOUTENbHbIX SKCMEPUMEHTOB MO
OLeHKe NonoXkeHuns n konuyectaa pnbocom Ha MPHK. B pe3ynbTaTtbl Mbl BbISCHUM,
Kak HeKOTopble 3aNUTPAHCKPUNTOMHbIE Mogndukaumm PHK BAvstoT Ha nonoxeHne
pU6oCOoM B TPAHCAMPYEMbIX 1 HETPAHCAMPYEMbIX 061aCTAX TPAHCKPUNTOB Y
YenoBeka, a TaKXXe akTMBHOCTb KOPOTKUX PAMOK CHUTbIBAHUS.
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Laboratory of Cancer Functional
Genomics // JlabopaTtopus
hyHKLUMOHANBHOW FrEHOMUKIN paka

Elena Kuzmin // EneHa Ky3abMuH

Cancer is associated with an accumulation of alterations in genes that confer on
cells the ability to grow uncontrollably. These alterations can contribute to increased
deleterious function or loss of function of genes that normally regulate cell growth.
However, many of such genes and the exact mechanisms in which they are involved
are poorly characterized. Functional genomics approaches enabled by the genome
engineering tool, such as CRISPR-Cas9 system, allow for large scale interrogation of
all genes in parallel to understand their cellular function in normal and disease con-
text. In the ‘Cancer Functional Genomics’ laboratory we will master genome engi-
neering techniques to learn about functional interrogation of human cells. We will
learn how to design sgRNAs for specific and efficient genetic perturbations. We will
then construct vectors targeting our genes of interest using standard cloning tech-
niques involving bacterial transformation, restriction enzyme digest, gel purification
and ligation. Sanger sequencing will be used to confirm the successful construc-
tion of our vectors after purification. We will evaluate the efficiency of gene editing
using TIDE analysis. Finally, we will analyze data from a previously conducted ge-
nome-wide CRISPR screen to understand mechanisms that regulate the cell surface
expression of a receptor implicated in breast cancer. We will also use a complemen-
tary approach and analyze a previously conducted screen using the ORFEome library
for genome-wide overexpression to understand selection pressures that shape the
breast cancer cell genome. We will employ Cytoscape to effectively visualize the re-
sulting genetic networks. We will further extract functional information by performing
Gene Ontology enrichment analysis to identify important biological processes and
pathways and we will integrate genetic with protein interaction networks to identify
relevant protein complexes. Taking part in this laboratory should provide students the
exposure to both experimental and computational analysis methods to interrogate
gene function and cancer disease mechanisms.

Pak cBsi3aH ¢ HaKoMeHNeM N3MEHEHNIN B FreHax, KOTopble MpUaatoT KneTkam
CNOCOBHOCTb BECKOHTPOJIBHO PacTu. TN N3MEHEHUS MOTYT CMOCOBCTBOBATL
YCUNEHNIO BPEAHOW DyHKLUM UK noTepe (hyHKLUM FreHOB, KOTOpble 06bIYHO
PErynnpyroT pocT KneTok. OgHaKo MHOMMEe N3 TaKUX FeHOB U TOYHblE MEXaHU3MbI, B
KOTOpbIE OHY BOBJIEYEHbI, N1I0X0 OXapakTepn3oBaHbl. [oaxoabl hyHKLMOHaNbHOM
rEHOMMKM, o6ecneyrBaemMble UHCTPYMEHTOM FeHHOW UHXEHEPU, TaKUM Kak
cuctema CRISPR-Cas9, no3BonsoT NpoBOANTb KPYNHOMACLLTaOHbIM ONPOC BCeX
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reHoB napannesibHO, YTOObI MOHSATb NX KNETOUYHYO (OYHKLMIO B HOPME 1 B KOHTEKCTE
3aboneBaHus. B nabopatopum “@OyHKLMOHANBHOM FrEeHOMUKIK paka” Mbl OyaemM
ocBamBaTb METOAbI UHXKEHEPUM reHoMa, YTOObI Y3HaTb O hyHKLMOHAIbHOM onpoce
KneTok yenoseka. Mbl y3HaeM, kak koHCcTpymposaTb SgRNA ons cneunduryecknx

N 9 PEKTUBHBIX TEHETUYECKMX HapyLUEHN. 3aTEM Mbl CKOHCTPYUPYEM

BEKTOPbI, C UHTEPECYIOLMUMIN HAC reHamu, NCNOoMb3ys CTaHAapTHbIE MeToabl
KJIOHMPOBaHUs, BKtovaroLme 6akTepuanbHyto TpaHchopmaumio, paclienieHme
PECTPUKTA30M, OYNCTKY B rene un nurnposaHme. CekBeHupoBaHue no CaHrepy
Oy[eT NCNosib30BaTbCA A5 NOATBEPXKAEHNS YCMELIHOMO KOHCTPYNPOBaHNS HaLLIMX
BEKTOPOB Mnoce o4ncTKU. Mbl oLeHUM 3 HEKTUBHOCTL PEAAKTMPOBAHUS FEHOB C
nomousto TIDE aHannsa. HakoHeu, Mbl npoaHanuanpyem pesynbTaTtbl (COOpaHHble
paHbLue) ckpuHHMHIra ¢ CRISPR konnekuuer no BCeMy reHoMy, YTOObl MOHATb
MeXaHM3Mbl, KOTOpble PEryNPYIOT 3KCNPECCUIO Ha KNETOYHOW NOBEPXHOCTM
peuenTopa, BOB/IEYEHHOIO B pak rpyaun. Mbl Takxxe UCMofb3yeM A0MNOSHUTENbHbIN
noaxop, U NpoaHannanpyem pesynbTaTtbl (CobpaHHble paHbLUe) CKPUHHKHIA C
ORFEome konnekumen onis CBepX3KCNpPeccuin BO BCEM FreHoMe, YTOObI MOHATL
naBneHne Ha hopMUpPOBaHNE reHoma KNeTKM paka rpyan. Mel 6yaem ncrnonb3oBaTtb
Cytoscape ons ahdekTBHOM BU3yannu3auumn noslydeHHbIX FrEHETUYECKNX CETEN.

MbI 6ygem LOMOSHUTENBHO MU3BeKaTb MYHKUNOHANBbHYO MHMOPMaLUIO, BbIMOHAS
aHann3 oboralleHns FreHHOM OHTOI0rK, YTOObI HANTN BaykHble Buonornyeckmne
npoLecchl, 1 Mbl 6yAEM NHTErPUPOBAaTb HaLW pe3ysibTaTbl C CETAMU 6E/TKOB YTO

Obl HaNTX COOTBETCTBYIOLLME BENKOBbIE KOMMEKCHI. YyacTne B 3Ton nabopatopum
NPefoCTaBUT YYEHMKaM BO3MOXXHOCTb MCMOb30BaTh Kak 3KCNepPMEHTasbHbIE, Tak
N BblYNCIIUTENbHbIE METOAb! aHann3a Ans n3yvyeHnst pyHKUMIA reHoB 1 MexaHN3MOoB
pakoBbIX 3a6oneBaHui.
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Laboratory of Cancer Drug Resistance //
JlabopaTtopusi N3y4eHnst pe3aNCTEHTHOCTM
paka K Tepanuu

Liza Leshchiner // Jlnsa JlewuHep

In our lab, we will focus on understanding cancer drug resistance. We will work
with cancer cell lines, treat them with clinically-relevant compounds (drugs) and will
study the mechanisms that render the cells resistant to being killed. We will try to
overcome these mechanisms experimentally to potentially propose better treatment
strategies.

Cancer occurs when several mutations hit the cell, which then acquires prolifer-
ative capacity. The design of targeted and chemotherapies against cancer has be-
come more sophisticated after we understood the genetic mutations underlying the
disease and its subgroups. However, very rarely cancer is completely cured and it
often comes back at the recurrence - resistant to the initial therapies and frequently
in a more aggressive form.

In our previous work, we employed the most recent advances in the next-gen-
eration sequencing to measure single-cell RNA sequencing in pre- and post-drug
treatment cancer cell lines, and detected many genes and expression programs that
are changed in the cells post-treatment. This summer we will work to confirm or re-
fute whether the genes that we detected indeed participate in cancer signaling, and
whether it will be possible in future to target these genes to make better therapeutics
against drug-resistance cancer.

In our laboratory, students will work with cell culture in sterile conditions, treat
cells with compounds and measure their viability, work with genetic modification of
cells using transfection and RNA interference techniques. We will analyze the ob-
tained experimental data together to propose novel strategies that may help over-
come the critical problem of drug resistance in cancer.

Hawa nabopaTtopusi 6yaeT NOCBsILLEHA N3YYEHNIO MEXAHN3MOB PE3UCTEHTHOCTY
K Tepanun B pake. Mbl 6ygem paboTaTb C KNIETOYHbIMU INHUSMI paka, byaem
[06aBNsATb K HAM JleKapcTBa (MCNoMb3yeMble B KIIMHUYECKOM JIEHEHMN paKa) 1
N3yyaTb MexaHN3Mbl KOTOPbIE NMO3BOIAIOT KNETKaM BbKMBaTb M HE yMUpaTb Npw
neyeHnn. Mol nonpo6yeM npeononeTb 3T MexaH3Mbl 3KCrneprMeHTalIbHO, YTO,
BO3MOXHO, AacT HaM MOoTeHUManbHY0 MHMOPMAaLMIO O yYLLNX CTPaTErnsSX NeYeHuns.

Pak BO3HMKaeT, Kkorga HeCKO/bKO MyTauuin B KNeTke NO3BOSIOT e
HeorpaHN4YeHHO pacTn 1 AennuTbcs. B nocnegHee Bpems yyeHble padpabaTbiBatoT
6onbLue 1 605blle XMMUOTEPANUIA 1 TAPreTHbIX JIEKAPCTB, OOHAKO Yalle BCEero pak
BCE paBHO BO3BPALLAETCH B PEKYPPEHTHOM, U YacTo 6onee arpeccrnBHOM, hopme.
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BbineunTb PakK NoOJIHOCTbIO CJTOXKHO; Mbl 6y,u,eM cTapaTrbCHd NOHATb, Kak 3TO caenatb.

B Halwwmx npebloyLmx nCCnegoBaHusaix Mbl UICMOMb30Bai COBPEMEHHbIE
nogxonpl B cekBeHmpoBaHun 1 namepunn PHK-akcnpeccuio (akcnpeccuio
TPaHCKPUMNTOB BCEX MEHOB) B OTAENbHbIX, €ANHNYHbIX KIeTKax NonynsumMmn pakosbIxX
KNETOYHbIX NMHMIA. Mbl NPOBENM Takon aHanM3 0o W Nocse Toro, Kak gobaensanm
K pakoBbIM KJIeTKaM iekapcTBa, 1 06HApPY>XXMM MHOIO FEHOB M 9KCMPECCUOHHbIX
nporpamm, KOTOpPbIE CUIBHO OTINYAOTCH B NONYNsALMM 0O NIeKapCcTBa U B KNeTKax,
KOTOPbIe BbDKUM NOCAEe NlekapcTBa. ITUM 1IETOM Ha LUKOJse Mbl MPOBEpUM,
OENCTBUTENBHO SN 3TW reHbl OTBEYAOT 32 PE3UCTEHTHOCTb K Tepanum, 1 MOXHO 1
NX NHMMBNPOBATL YTOObLI MOMHOCTBIO YHUUTOXMWTb PakoBbIE KNETKN.

Bo Bpems aToro npoekTta cTyaeHTbl 6yayT paboTtatb C KynbTypamMu KNeTOUYHbIX
JIVHUI B CTEPUNBHBIX YCNOBUSIX, USMEPSIT BbIXKMBAEMOCTb N aKTUBHOCTb K/1ETOK
B OTBET Ha CTUMYJIbl 1 9KCNEPMEHTalbHbIE BELLECTBa/XMUYECKIME COeANHEHNS.
Mbl 6yoem reHeTu4eckn MognduLMpoBaTh 3TN KNeTkn npu nomowm PHK-
nHTepdepeHuMn. Mbl BMECTe NpoaHanM3vpyemM nosly4yeHHble dKCnepuMeHTanbHble
OaHHble 1 MOCTapaeMcs NOHATbL MEXaHN3Mbl PE3VUCTEHTHOCTY B pake.

Sensitive Drug
ce”s treatmen!

Drug-resistant cells
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Laboratory of Engineering of Fluorescent
Sensors // JlabopaTtopusa cosgaHus
h1lyopecueHTHbIX CEHCOPOB

Karen Sarkisyan // KapeH CapkucsiH

Some marine organisms — jellyfish, corals and others — possess proteins of
special kind. These proteins make organisms fluorescent, or in other words, allow
them to re-emit light that they absorb. Re-emission is possible because inside the
protein globule fluorescent proteins form an unusual molecule, essentially a dye,
called chromophore.

Flower hat jellyfish with fluorescent ten-
tacles. // Mepysa Olindias formosa c
hnyopecLUEeHTHbIMY KOHYMKaMW LynaneL.

Although their functon in nature remains unknown, fluorescent proteins are often
used by scientists as molecular tools — to visualize invisible cellular events like gene
activity, signal transduction or change in concentration of metabolites. Unfortunate-
ly, most fluorescent proteins from nature are not immediately suitable to be used as
tools in research. Instead, they have to be re-engineered for various experimental
purposes by introduction of mutations and selection of the best variants.

Green fluorescent protein used
to visualise nervous system.

// Vicnonb3oBaHne 3e51eHoro
thnyopecueHTHOro 6enka ons
BM3yann3aumnmn KJeTok HepBHOM
CUCTEMBI.
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One of the important and largely unreached goals in the field is development of
fluorescent sensors — proteins that allow to monitor concentration of cellular metab-
olites in real time by observing changes in fluorescence. It is not easy to engineer a
sensor but when it’s created, a good sensor can revolutionize an area in biology by
allowing scientists to directly observe cellular processes.

A fluorescent sensor is typically a protein composed of two modules — a senso-
ry module and a fluorescence module. Binding of substrate by the sensory module
drives a structural change in the protein that propagates to the fluorescence module
and results in increase in brightness of light emission. The bigger the difference —
the better the sensor.

Substrate

—_—

Non-fluorescent Brightly fluorescent
(or dim)

During the school, we will try to create a new fluorescent sensor for scientists to
use in their experiments. We will create genes carrying various mutations, test them
in bacteria and check their activity to identify variants those fluorescence depends on
the concentration of substrate.

During our work in the lab, we will learn how to use basic genetic engineering
techniques: PCR, DNA electrophoresis, modern methods of molecular cloning, tech-
niques of work with E.coli, and plasmid purification.

HekoTopble MOpPCKUe opraHn3Mbl — MeAy3bl, Kopassibl U HEKOTopble Opyrie
— ob6napaoT ocobbiMy 6enkamu, NO3BONSIOLWLMMUN UM (hrTyopecLpoBaTh, TO eCTb
nepenssny4Yarb NOrfoLLEHHbIN CBET. [Npy NepensnyyYeHn MeHsIeTCs LBET: Hanpumvep,
€CI NOCBETUTb Ha (h/TyOPECLIEHTHbBIN OPraHn3m CUHVM CBETOM, B OTBET OH MOXET
CBETUTbCS 3eNeHbiM. CBeT nepenanyyaetcsa bnarogaps ToMy, YTO BHYTpY 6enKoBOI
MoJieKy bl (POPMUPYETCS HEOBbIYHAS XUMUYECKasl CTPYKTypa, KpacuTenb, Uin
xpomodop.

dnyopecLeHTHbIe 6ENKN YaCTO NCMNOJIb3YOTCH B UCCE00BaHNSAX Kak
MOJIEKYNSIPHBIE MHCTPYMEHTBI — AJ151 TOr0, YTOObI BU3yann3npoBaTb C MOMOLLbIO
hnyopecueHLMN HEBUOMMbIE KNETOYHbIE COObITUS, Takne Kak akTVBHOCTb FEHOB
B OMNpeneneHHbIX TKaHsIX, MPOXOXAEHNE CUTHANOB U M3MEHEHWE KOHLEHTpauum
BeLecTB. [Tpobnema B TOM, UTO hrlyopecLieHTHble 6eNKK U3 NPUPOAbl HE OYEHb
XOPOLLO MNOAXOAAT O/1st MPUMEHEHWST B CCNEAOBaHNSX, MO3TOMY UX NPUXOOUTCS
KOHCTPYMpOBaTb ANs Pa3HbIX 9KCNepYMEHTalbHbIX 3a[a4, BHOCS MyTaLun 1
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oTbrpas nyulure BapuaHThl.

OpHa 13 BaXKHbIX U B 3HAYUTENbHOM CTEMEHN HEPELLEHHbIX HA CErO4HSALLIHNN
OeHb 3aa4 — cosfaHune hylyopeCLEHTHbIX CEHCOPOB, NMO3BOJISIOLLNX BU3YyasbHO
cnegnTb 3a N3MEHEHNEM PasHbiX KIETOYHbIX MeTabonuToB. PaspaboTka Takumx
CEHCOPOB CJI0XKHA, HO MX NOSIBNIEHME MEHSET Lenble obnactu 6uonorum, Nno3Bonss,
He BMeLurBasicb B (h13MOMOMMI0 XUBbIX OPraHn3MoB, HabnogaTte npovcxoasiime
BHYTPU HUX MOMNEKYNSPHbIE NPOLLECCHI.

®nyopecLeHTHbIE CEHCOPbI, Kak Npasusio, NpeacTaBnsoT cobon 6enku,
cofep>kaline AeTeKTOPHbIN y4acTOK 1 y4acToK, OTBevaroLmin 3a hyopecueHLmIo.
CaasbiBaHMe cybcTpaTta B [ETEKTOPHOM y4YacTKe NPUBOAUT K N3MEHEHWIO CTPYKTYPbI
6enka Takum 06pasom, YTO hlyOPECLEHTHBIM YHaCTOK HAUMHAET SPKO CBETUTHLCS.
Yem 6onblue N3MEeHeHNE APKOCTM NMpu CBA3bIBaHUN cybcTpata — TeM nydlle
CeHcop.

Ha wkone Mbl nonpobyem caenatb HOBbIN (DyOPECLEHTHbIM CEHCOP, KOTOPbIN
y4eHble CMOryT UCMOoNb30BaTh B CBOeN paboTe. Mbl co30annmm MHOXECTBO
MYTaHTHbIX BApUaHTOB CEHCOPOB, MPOTECTMPYEM UX B BaKTEPUSX 1 NOCTapaeMcs
HaTV cpeay HUX NepCnekTUBHbIE MOJEKYSIbl, CNOCOBHbIE pearnpoBaTb N3MEHEHNEM
hnyopecueHLMN Ha N3MEHeHre KOHLeHTpauum cybeTpaTa.

3a Bpems paboTbl B 1aboparopun Mbl OCBOUM OCHOBHbIE FE€HHO-NHXKEHEPHbIE
meToguku: MNLP, anekTpodopes, coBpemMeHHble CNOCOObI MOIEKYIIPHOIO
KJTOHUPOBaHus, paboTy ¢ 6akTepusiMy, BblgeNeHne nnasmmg, Co3naHne MyTaHTHbIX
reHoB.

Cy6crpar

B —

HedmyopecueHTHbII Spxwit
WJIU TYCKJIbII 610K payopecueHTHbII 6e510K
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Laboratory of Regulation of
Bacterial Pathogenicity //
JlabopaTtopusa perynsumm
naToreHHocTn 6akTepuin

Masha Tutukina and Sonya
Garushyants // Mawa TyTykuHa
n CoHsa MapyLwsiHy,

There are several thousands strains of Escherichia coli most of which are abso-
lutely harmless. However, some strains are capable of causing such severe patholo-
gies as gastroenteritis, neonatal meningitis and even Crohn’s disease. The mecha-
nisms of the E. coli pathogenicity can be very different. For example, uropathogenic
E. coli (UPEC) that are responsible for 80% of chronic urinary infections form biofilms
resulting in higher resistance to antibiotics. In order to find alternative therapy for
such infections, we need to know molecular mechanisms switching on upon bacteria
transition to a host organism.

Rapid metabolic switches that are crucial for the effective infection are normally
regulated at the level of transcription, and the key role here belongs to specific pro-
teins — transcription factors.

In our laboratory in collaboration with the lab of Fedya Kondrashov, one of such
transcription factors that can be responsible for turning bacterial pathogenicity
on,YjjM, was discovered. Using ChlP-seq, we have revealed that almost all virulence
factors of E. coli, including those of UPEC, are the YjjM targets. We also know that
deletion of the yjjM gene makes E. coli unable to form biofilms. This means that YjjM
is a perspective object for targeted therapy of uropathogenic infections.

The unique feature of YjjM is the existence of three protein forms being synthe-
sized from one gene. They are differing in the length of the DNA-binding domain and
thus should have different modes of interaction with their targets in bacterial genome.
Such alternative coding has been previously reported only for one protein -VirF, a
global regulator of the Shigella spp pathogenicity. As such, it can represent a part of
a very complex mechanism of virulence control in proteobacteria.

The goal of our project is to understand if any of the YjjM forms is responsible
for pathogenicity alone or all three are needed. What are their structural features? Is
there any transcription factors coupled to YjjM in virulence control?

To understand this, we will differentially analyse transcriptomes (RNA-seq) of the
wild type E. coli and mutants for each YjjM form, and intersect them with the targets
of all YjjM forms as revealed by ChIP-seq. Based on the data obtained, we will select
the most interesting targets for each form, pick and order primers for further gRT-
PCR analysis that will be performed in the end of the school. We will check how each
YjjM form affects the ability of E. coli to produce biofilms and will reconstruct their
3D-structures. Then, we will use molecular docking to find a ligand able to modulate
the YjjM activity, and test if it really affects the ability of bacteria to colonize epithelial
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cells. To understand, if YjjM is coupled or interfere with any other protein regulators
of virulence, we will determine recognition motifs of each YjjM form on the DNA and
analyse their targets in vitro and in vivo.

As it commonly happens in modern molecular biology labs, in this project both
computational and experimental approaches will be used to check our hypotheses.

CyLuecTBYeT HECKOJBKO ThicaY WTaMmMoB Escherichia coli, 6onbwWnMHCTBO 13
KOTOPbIX coBepLleHHO 6e3BpeaHbl. OgHako HekoTopble E. coli MoryT BbI3biBaTb
TsKesble 60Ne3HN, TakKne Kak raCTPOSHTEPUT, HEOHATaNIbHbI MEHUHIUT 1
naxe 6onesHb KpoHa. MexaHnambl, 6narogapsi KOTOpbIM KALWEYHbIE NasioyKn
0KasblBatOTCS NATOreHHbIMY 1 NI0X0 NOAAAIOTCS SIEYEHNIO, MOryT BbITb CaMbIMi
pasHbiMu. Hanprmep, yponaTtoreHHble kuwedHble nanoyku (UPEC) nHouumpytot
opraHua3m nocpencTBomM obpasoBaHns BUOMIEHOK, YTO AenaeT nux 6onee
YCTONYMBBIMU K aHTMONOTMKaM. VIMEHHO NO3TOMY OHM SBNSIOTCA NPUYNHON 6onee
80% BCeX XPOHNYECKNX NHMEKLMIA MOYENOoNoBOro TpakTa. [nsa Toro 4ytobsl
nonobpaTb anbTepHaATMBHbLIE CNOCOOLI NIeYeHnst NoO0OHbIX MH(EKLMIA, HAAO XOPOLLO
NOHVMaTb MOMEKYNSAPHbIE MEXaHN3MbI, BKIOHaOLLMeCs Npy nonagaHnm 6akrepum B
opraHnam xo3sinHa. beicTpoe nepektoyeHne Metabonnama, KoTopoe Heobxoanmo
ONs1 yCNewHoro MHGULMPOBaHKsl, 0BbIYHO PEryNnMpyeTCs Ha aTane TPaHCKpUnumu,

a K/toYeBYIo POJib B 3TOM MpoLecce UrpakroT creunansHble 6enku, akTopsl
TPaHCKPUNLUN.

B Hawewn nabopatopun, coBmecTHO ¢ naboparopuen ®egn KoHgpaluosa,

OblNT OTKPBIT OANH U3 Taknx GakTopoB TpaHcKpunuuy, YijM, KOTopbIn MOXET
oTBeYaTb 3a NepeksitoyeHne obpasa X13Hu 6akTepmm co CBOOGOLHOXMUBYLLErO Ha
nHpurumpytowmin. C nomoLbto ChlP-seq Mbl BbISICHAAW, YTO €0 MULLEHSMN B FEHOME
ABNAIOTCA NOYTY BCE (PaKTOPbl BUPYNEHTHOCTU KULLEYHOW Masnioyku, B TOM YKCIE,
yponartoreHHon. Bonee Toro, Mbl y3Hanu, 4To Npu yganeHun reHa yjjM kuweyHas
nanouyka nepecrtaet 06pa3oBbiBaTb BUOMNEHKK, a 3HAYUT, ITOT OENOK NPEeACTaBNSET
cobol NepCneKTUBHYIO MULLEHb AJ151 HAanpaB/eHHON Tepanun yponaToreHHbIX
NHbeKuni.

YHuKanbHon ocobeHHOCTbIO YjjM aBnseTcs Hann4yme Tpéx 6enkoBbIX opM,
CUHTE3UPYIOLLMXCS C OQHOrO reHa, Kotopble pasnuyatotcs no gnuHe JHK-
CBA3bIBAOLLEr0 JOMEHA, U, 3HAYUT, UMEIOT pasHble CNocobbl B3aMOAENCTBUS CO
CBOVIMM MULLEHSMW B reHoMme. Takoe ansTepHaTUBHOE KogupoBaHue y 6aktepui
noka onmcaHo TOJbKO OJ1 OQHOro 6eska - rnobansHOro perynsaTopa natoreHHOCTr
Shigella spp VirF, n BnosHe MOXeT okasaTbCsi, YUTO OHO ABASIETCH YaCTbiO CIOXHOI0
MexaHn3Ma KOHTPOJS BUPYJIEHTHOCTU NPOTE06aKTeEPUN.

Llenb Hawero npoekTa — NOHSATb, OTBEYaloT N pasHble opmsbl YjjM 3a passutue
natoreHHocTn. Heobxoanma nm ToNbKo Kakasi-To ogHa us dopm YjjM? Vinn xe ons
nepekstoyeHns Heobxoanmel Bce Tpn? Kaknmm CTPYKTYPHbLIMU OCOBEHHOCTAMMU
oHu obnagatoT? C Kakumm gpyrumim hakTopamm TPaHCKPUNLMN MOXKET
B3anmopencTeoBatb YjjM onsi KOHTPOS BUPYIEHTHOCTN?

YT106bl MOHATL 3TO, Mbl NPOAHANN3NPYEM AaHHbIE MOHOMEHOMHOrO
CeKBeHNpoBaHns TpaHckpunTomoB (RNA-seq) LUTaMMOB KULIEYHOW NasiovKm
ONKOro TUna 1 MyTaHTHbIX Mo Kaxgow n3 gopm YjjM n conoctaBum UX ¢ MULLEHAMMN
Bcex hopM YjjM B reHome (ChlP-seq). Ha ocHoBaHUM Nofly4YeHHbIX SAaHHbIX Mbl
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BblbepeM Hanbonee NMHTePECHbIE MULLEHN KaXKO0N U3 hopM, YTOObI B KOHLE
LUKOSbI MpOaHanuanpoBaTh 1x ¢ nomoLsto OT-TLUP B peansHOM BpemeHu.
Mbl npoBepuM, Kak Kaxgas 13 opmM aToro 6enka BAMseT Ha CNoCoO6HOCTb
KMLLEYHOWN Nano4kn hopmmposaTb BUOMNAEHKU, N paccynTaemM Ux CTPYKTYpbl.
3aTeM C NOMOLLbIO MOJIEKYISIPHOIO AOKMHIra Mbl Nog6epéM NnraHg, CocOo6HbIN
HanpasneHHO MOAYMPOBaTb akTUBHOCTbL YjjM, 1 NpoBepuUM, N3MEHUT NI OH
CNOCOBHOCTL BaKTEPUI KOSIOHN30BaTbL KNETKM anuTenus. YTobbl NOHATL, CBS3aH Nk
YjiM ¢ ppyrummn 6enkamm-perynsatopamu BUPYIEHTHOCTU, Mbl NPeACcKaXKemM MOTUB
cBA3bIBaHNS pasHbix popM YijjM ¢ OHK n npoaHanusnpyem nx muwieHu in vitro n in
Vvivo.

Kak 1 Bo BCex peasibHbIX MOIEKYSPHO-61MONornyeckmx naboparopmsx, B 3ToM
npoekTe Mbl 6yAeM UCMOMb30BaTh, Kak KOMMbIOTEPHbIE, TaK 1 9KCNEPUMEHTabHbIE
MeTodbl A1 NPOBEPKM HaWMX rMNoTes.
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Laboratory of Rational Drug Design //
JlabopaTtopus paumoHanbHoOro an3anHa
NEeKapCTBEHHbIX NpenapaTos

Peter Vlasov // NéTtp Bnacos

The main objective of our project is to give students an overview about modern
theoretical techniques in drug development, especially in the context of precision
medicine.

This year we would like to combine the approaches of rational drug design and
systems biology. Some mutations have the propensity to significantly alter pro-
tein-protein interactions. We hypothesise that these mutations and the interaction
alterations they induce trigger the development of some diseases. Hence, screening
or modelling compounds capable of inhibiting the altered protein-protein interactions
contributes towards drug discovery in these diseases. Our aim will be to choose a
pair of interesting interacting protein partners and attempt to find the most promising
inhibitors of their interactions.

Moreover, as it often happens in our lab, serendipities arise, and other interesting
protein targets may be studied as well in collaboration with other labs. The educa-
tional part of the lab includes biology, chemistry and applied medicine discussions as
well as an introduction to scientific literature research. We will learn how to use mod-
ern techniques in modelling protein structures and protein-ligand interactions by the
means of various biological and medical resources as well as publicly available data-
bases (gene, genome, protein, ligand, drug databases, etc.)

[naBHas Lenb NpoekTa - AaTb y4aCTHUKaM NpencTaBfieHNne O COBPEMEHHbIX
TEOPETMYECKIMX MeToAax paspaboTKmM NeKkapCTBEHHbIX NpenapaTos (B T.4. B
KOHTEKCTE 0COBEHHO aKTyasibHOW “NepcoHann3npoBaHHON MegULMHbI”).

B aTOM rogy Mbl XOTUM COBMECTUTb METOLbI PaLMOHaNbHOro An3aiHa NekapcTs
C NoaxoAamu CUCTEMHON buonorun. HekoTopble MyTauum MOryT CyLLEECTBEHHO
MEHSATb B3anMoLeNcTBMsA 6eKoB opyr ¢ gpyromM. Mbl npegnonaraem, 4To MMEHHO
3TN MyTauun (M NSMEHNBLUMECS N3-3a HUX B3aUMOAEeNCTBUS/DyHKUMN 6ENKOB)
npenonpenenstoT pasBuTe HEKOTOPLIX 6boneaHeln. NMoabop/MogenpoBaHme
BELLECTB, CNOCOOHbIX CTaTb UHMMOMTOPaMn Taknx B3aNMOLENCTBUIN, CNOCOOCTBYIOT
MONCKY MOTEHLMasbHbIX JIEKAPCTB OT COOTBETCTBYOLMX 3aboneBaHuin. Boibpas ons
aHanmn3a HeCKoJIbKO MHTEPECHbIX Nap 6eSIKOBbIX MULLEHEN (T.e. 6eSKoB, hr3nYecKn
B3aMMOLENCTBYIOLLMX APYr C APYrOM B KNeTKax YenoBeka), Hawen Lesnbio byneT
oTbicKkaTb Hanbonee NepcrnekTUBHbIE MHIMOUTOPbI X B3aMOLENCTBUI.

Bonee Toro, kak NokasblBaeT NpakTuKa, HOBble MHTEPECHbIE 3afa4n
N KOHKPETHbIE 6EIKOBbIE MULLEHN MOTYT MOSIBUTLCS MO XOA4Y MNPOeEKTa N3
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B3aMMOLENCTBUI C APYrMU yYacTHUKaMu Wwkonbl. ObpasoBaTenbHas
COCTaBrisloLLasa NpoeKTa BKoYaeT 00CY>KAeHe pasHoOOpas3HbIX TEM Ha CTbIKe
61ONOrKN, XMW 1 NPUKIAOHON MEAMLMHbI, U3yYeHe CUCTEMHOro noaxoaa B
novcke 61oNorMYeckrx MIULLEHEN AN1s CO30aHUs NIeKapcTB, a TakXKe 3HaKOMCTBO
YYaCTHMKOB MpoeKTa ¢ nNpuHumnamm aheKTMBHOro noncka 1 aHanmsa Hay4Hoim
nHcopmaumu. Miccnepgosartenbckas paboTa COAep>XXUT U3yHeHNe U NCNONb30BaHNe
KOHKPETHbIX COBPEMEHHbLIX METOAOB MOLENMPOBaHNS 6ENKOBbIX CTPYKTYP 1
6enoK-nuraHaHbIX B3aUMOAENCTBUN C MPUMEHEHNEM aKTyasbHbIX 6GUONOrMYecKmx
N MEOVLMHCKNX PeCYpCcoB 1 6a3 AaHHbIX (Mo reHam 1 reHomam, 6enkam,
H3KOMOJEKYNSIPHBIM COEAMHEHNAM, NTEKAPCTBEHHbIM NpenapaTam u T.4.).
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Laboratory of Directed Evolution // Jlabopatopus
HanpasfIEHHOM 3BOOLNN

CLAN: Catalin Rusnac, Louisa Gonzalez Somermeyer, Aygul
Minnegalieva, Nick Machnik // KI1AH: KatanuH PycHak, Jlynsa
"oH3ane3 Comepmaep, Anryns MunHeranmesa, Huk MaynHuk

The centrepiece of our lab will be a morbidostat - an automated device that pro-
vides an interface between a living system (bacterial culture) and a computer pro-
gram. It can be used in various experimental setups, such as to accurately measure
growth rate, and to apply selective pressure for directed evolution. We will assemble
a low-cost 3D printed morbidostat which can be controlled using custom Python
scripts that define the growth conditions for bacteria.

A morbidostat is a device that can maintain a continuous culture of cells, provid-
ing them with nutrients as well as other substances which can apply selective pres-
sure and/or trigger a biological response. It does so by measuring the intensity of
transmitted and scattered light through the culture (optical density, or OD). When the
OD reaches a certain threshold, peristaltic pumps are used to add fresh growth medi-
um to the culture, and remove the excess. The growth rate is quantified by measuring
how OD changes with time. In addition, the concentration of a biological substance
of interest in the medium can be controlled with a third peristaltic pump.

A morbidostat can be used for directed evolution experiments, as well as to
study how growth rate changes with medium composition. The selective pressure
can be controlled by adjusting the concentration of a growth inhibitor so that it slows
down growth, but does not completely stop it. When bacteria accumulate enough
resistance mutations, the growth rate will recover, and the program will increase the
drug concentration. This way, we will try to evolve resistant bacteria, and if time per-
mits, sequence their DNA before and after the experiment. Another project option is
to synthesize a genetic circuit in bacteria, and use the machine to study how different
constructs respond to changes in growth conditions.

In our lab, students will use 3D printing technology to create custom parts for a
morbidostat. They will assemble their own device from electronic components (cir-
cuit board, motors, Raspberry Pi), lab equipment (silicone tubing, glassware) and
3D-printed parts. They will use microbiology and molecular biology techniques to
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genetically engineer and maintain bacterial cultures. The project includes a program-
ming part. Previous coding experience is not required, although certainly helpful.

BakTepurarnbHble 1 APOX>KEBbIE KYNbTYPbl HENPUXOTANBLI, MOSTOMY
nX Nnogaep>kaHne OTHOCUMTENbHO MPOCTO aBTOMaTU3npoBaTh. [na aToro B
Hawen nabopaTopum Mbl Byaem MCnob3oBaTb MOPOMAOCTaT - YCTPONCTBO,
noagep KmBaroLLme KNeToUHYO KybTypy Npu 3ag4aHHOM ONTUYECKOW MIOTHOCTU.
OnTryeckas NNOTHOCTb CAY>XUT MEePOo Konnyectsa 6akTepuin B KynbType.
Mop6ugocTat MOXKHO UCMONb30BaTh A1 NOOAEPXKaHWS KNETOUYHON KYNbTypbl B
CTabunbHbIX YCOBUSX, & TAKXKE Kak MHTepdenc Mexay Knetkamum 1 KOMMNbTEePOM,
NN UCNONb30BaTh ANA HanpaBieHHOW 3BoOLMN 6akTepun, nyTem gobasneHns
(hakTopOB cenexkumm B cpeay.

Ha wkone Mbl camn cobepeM MOpOMAOCTaT N3 dNEKTPOHHbLIX KOMMIOHEHTOB 1
netanen, HanevaTaHHbIX Ha 3D npuHTepe. OH ByaeT aBTOMaTU4YeCKM obecneynBaTb
KyAbTypy HOBOW NUTaTENIbHOM CPeaomr 1 yoansTe N3NUWKK ctapon. OTaenbHbIM
HacocoM Mbl ByeM KOHTPOIMPOBAaThL Nogadvy 61UonorM4eckn akTBHbIX BELLECTB,
CMOCOGHbBIX BbINOHATL Ponb hakTopa oTbopa unm nepeknoyarens eHoTmna.

C nomoLpblo na3epoB 1 AeTEKTOPOB cuctema ByaeT MOCTOSIHHO OTCeXMBaThb
ONMTNYECKYO NIOTHOCTL B Npobupke. YcnoBus pocta bakTepuin 6yoyT 3agaBaTbCs
CKPVNTOM, HanMcaHHOM Ha A3blke NporpammMmmpoBaHus Python.

B akcneprMeHTax no HanpasieHHOM 3BOMOLMN Mbl 3aMporpaMMnpyemM CUCTEMY
Tak, 4Ttobbl hakTOp 0T6OPA, MHIIMOBUTOP POCTa, 3amMennsn PocT 6akTepuii, HO He
npekpawyan ero nosHocThio. Korga 6aktepun HakonsaT HEOOXoAMMble MyTauum,

NX CKOPOCTb pOCTa BOCCTAHOBUTCS, M NporpamMmMa yBeNMYnT KOHLEHTPaLMIO
nogasaemMoro UHrnéutopa. Takum o6pasom, Mbl MOMYYNM YCTONYUBBIX K UHIMBUTOPY
6akTepuii. Ha NnpoTsokeHnn akcnepumeHTa Mbl 6ygem n3BfekaTb HEKOTOpoe
KOnm4yecTBO 6aKTepuin N3 NONynauMmn onsa gansHerwero cekBeHposaHus. Ecnm
NO3BOJIUT BPEMS, Mbl OTNPaBMM 06pa3dLbl HA CEKBEHNPOBAHME NPSMO Ha LLUKOJSIE.
Lpyron npoekT naboparopun byneT 3akoyaTbCsa B CO30aHUN bakTepuanbHbIX
rEHETUYECKNX KOHCTPYKLUIA 1 UX JanbHelee TecTupoBaHue. Mopbugoctat
NO3BOSIUT CPaBHUTb 3PPEKTUBHOCTb KOHCTPYKLIMN MeXAY COBON Tak Kak
obecneynT CXOLHbIE YCNOBUS KyNbTUBMPOBAHWS.

B Hawewn nabopatopun Mbl 6yaem NCcnosib30BaTb MUKPOOBUONIOrM4YeCcKne n
MONeKynspHble MeToabl AN Moandukauum 1 nogaep>XxaHns 6aktepmnanbHbIX
KynbTyp. Mbl cobepem MopbuaocTaTt 13 371EKTPOHHBIX KOMMOHEHTOB (MaTepPUHCKON
nnarbl, MOTOpYNKOB, Raspberry Pi), cunmkoHoBbIx Tpy6oK, npobupok n 3D getanen.
MpoeKT BKtOYAET 3aga4m No NPorpaMMmpoBaHunio. LLIKOMbHUKK MO »KenaHuio MoryT
yrnybutbca B Nobyo 13 Yactern paboTbl 6onee geTanbHO: MONEKyNsSpHas buonorus,
3D mopenunposaHue, NporpamMmmMnpoBaHune.
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COURSES //
KYPCDbI



|| Department of Bio-Chem-Medicine //
|| Buo-xum-men oenaptameHT

>> Ha nyTn cosganus Xxusuum 2.0

Benywas: Enena Ankanaesa

A3bIK: pycckui

Kypc nocssiLeH TeopeTuyeckmM ocHoBaM paboTbl, KOTOPYHO NpeanonaraeTcs
nenatb B nabopatopumn EneHbl Ankanaesoin. A UIMEHHO: BBOAHAs NEKLMS MO
cTpaTermm co3gaHns «0qHoOpPasoBbIX BUPYCOB», NEKLUWS NPO HeHaTypabHble
HYK1€0TUabI, IEKLMS MPO NOSIHOrEHOMHOE CEKBEHNPOBAHMNE U HAHOMOP, NTEKLNS
npo 6ecKeTo4YHble CUCTEMbI TPaHCASAUUK, nekuus npo T7 PHK-nonvmepasy n
TPaAHCKNPUNUWIO 1 NEKLMS MPO in Vitro TpaHCKpunumio.

>> MonekynsipHas 6uonorvs B oByx croBax

Benywuin: KapeH CapkuncsH

A3bIK: pycckui

O630p OCHOBHbIX MOHATUN 1 METOL0B MOneKynsipHon 6uonorun (OHK, MLUP,
nnasmugbl, METOAbI KNOHNPOBaHUSI, CEKBEHNPOBaHWS, peakTMpoBaHus FeHOMOB 1
TOMY NOAOOBHOE).

>> XMWt BOKPYT Hac

Bepywime: Mawa TytykuHa n CoHs MapyisHy,

A3bIK: pycckui

Mbl NOroBOPYM O XUMUW XKN3HU 1N O TOM, YTO BONBLUMHCTBO XUMNYECKNX
COeAVHEHWI - 3TO He OTOPBaHHbIE OT XXU3HN hOPMY/bl, @ TO, C YEM Mbl BCTPeYaemcs
KaXXabI AeHb. Mbl BCMOMHUM, YTO Takoe 6esku, XXMPbl 1 HYKIEUHOBbIE KUCOThI
C TOUKM 3PEHNS XMMUM, N KaK MOXXHO MPUMEHNUTb 3TN 3HaHWS Ha NPaKTuKe.
lMoroBopnM 0 MexaHn3Max Toro, Kak Mbl MOJTly4aem SHEPrut, Kak 3anacaem u Ha
yTO ee TpaTuM. [1Ba 3aHATMA OyOyT NOCBSLLEHbI MeTaboNn3My PasnyHbIX KNaccos
6aKkTepui — Kak OHM nNpucnocabnmBaloTCs K 9KCTPEeMasibHbIM YCIOBUSM 1 YEM MOTYT
ObITb NONE3HbI Takme npucnocobneHnn? Kak pabotatoT NpoOMOTUKIN 1 NPEBNOTUKN
1 O TOM, Ha YeM MOryT 6blTb OCHOBaHbl aHTUMMNKPOBHbIE NpenapaTbl HOBOro
NoKoneHus. A eLLe Mbl Hay4MMCs pellaTb NpakTudeckre 3agadn, C KOTopbiMu
KaxkOpli AeHb CTaNKMBaeTCs MOMEKYASPHbIN Guonor B nabopatopun.

>> OBONOLUMOHHAsA 6uonorus

Benywwun: Hypucnam LLanxyTouHos

A3bIK: pyccKuin

Kypc coctout 13 Tpex yacteit. B nepBoii Mbl BCMOMHUM OCHOBHbIE MOCTY aThb!
KJTACCUYECKON MreHETUKIM, BO BTOPOW 06CYAVM Camble 3HaUYMMble JOCTUXKEHNS]
reHeTNYECKON UHXEHePU, a B TPETbEN NPUCTYMNM K N3YYEHNIO SBOJIHOLMOHHOM
6uonorun. OcTaHOBMMCS HEMHOIO 60s1ee NOAPOOHO Ha CoAeP>KaHUN ITUX YaCTEN.
Ha nekuumsx no Knaccmyeckomn reHeTMke Mbl MOBTOPUM OCHOBBI 11 MOpeLlaem
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HecTaHOapPTHblE 3afa4M Ha BCEBO3MOXKHbIE TUMbl HAC1e[oBaHUS 1 BapuaHTbI
B3aMMOOeNCcTBMSA reHoB. Hageemcs, BaM, Kak 1 HaM, HpaBATCS HEObbIYHbIE 3afayn.
B yacTu, NoCBSILLEHHOWN FEHETUYECKON UHXEHEPUN Mbl Hay4YMMCS MCaTb NpanmMepbl,
Oenatb BCTaBKM reHOB B Na3mMupbl, 06CyauM pasfinyHble Crnocobbl CMHTE3a
Yy>KepOoaHbIX 6eNKOB 1 APYrnX NPOAYKTOB C MNOCNEAYOLMM MX BblOeNEHNEM.
KynbMurHaumein Halero kypca CTaHeT TPeTbsl YacTb, KOTOpas HarnpaBfeHa Ha
N3y4YeHne OCHOBHbIX KOHLEMLMA COBPEMEHHOW 3BOMIOLMOHHOM B1Uoniornm n
NOonNynsALUNOHHON reHETUKN. 3AeCb Mbl O3HAKOMUMCSI C OCHOBHbBIMU MOSTOXKEHNSIMU
Teopun 3BONOLMK, C AoKa3aTeNbCTBaMn 3BooLUK, hakTopamm MUKPO3BOIIOLMMA, a
Tak>Xe U3y4YnM OCHOBbI 1 MEeTOAb! NMOMYNALNOHHON FeHETUKMN, KOTOPbIE MPUMEHSIOTCS
B COBpPEMEHHbIX paboTax. Mbl KpaTko 03HaKOMUMCS C Ppa3BUTUEM 3BOJTHOLOHHON
noen (JapBnHOBCKOW 3BOSOLMEN); PACCMOTPUM MUKPOIBOIOLMOHHBIE NMPOLLECCHI

N NX cBSA3b ¢ HOPMUPOBaHNEM U NOAAEP)KAHNEM FEHETMYECKOrO pasdHoobpasus

Ha ypOBHe nonynauuin. B xoge nekumin Mbl U3y4M OCHOBHbIE KOHLIENUUK, Takue

KaK: reHeTn4yecKnin gpend, NnoToK reHoB, eCTECTBEHHbIN OTOOP, TWMbl 0T6OopPA,
MeXaHN3Mbl BUO00Opa3oBaHusi, NOSIOBON O0TOOP, HENTpasibHas TEOPUst SBOJOLUN,

a Tak>Ke NoCcMOTPUM KaKue TeCTbl CYLLECTBYET A5t OnpeaeneHnst NonoXnTeNbHOro
nnn oTpuuaTtesnibHoro oTéopa.

>> KoHLenumm n metoapl No hyHKLMOHANbHOV reHOMUKE APOXKen 1
yesloBeYECKMX KeTKax

Benywas: EneHa KysbmuH

SA3bIK: pyccKui

Ha aTom Kypce CTyAeHTbl y3HatoT 0 BaXKHOM MOLEeSIbHOM OpraH/u3me
ON1S1 TEHETUKM - OPOXOKaX M O TOM, Kak OHV NMPUBENN K CO34aHnio ob6nactu
dyHKUMOHaNbHON reHoMUKN. CTyOeHTbl Y3HalOT O reHeTUYECKMX B3anMOLeNCTBUSX,
BKJIHOYAIOLLIMX KOMOUHALMM OBYX FE€HOB, a TakXKe O XMMUO- FeHETUYECKINX
B3aMMOLENCTBUSAX, KOTOPbIE NPOUCXOASAT MeXAY XUMUYECKUM COeOUHEHNEM 1
reHamu. ByoyT paccMoTpeHbl reHeTuyeckme pasHoobpasaune Mexay nioasMu, a
Tak>Xe Heo0OXOAMMOCTb 1 UCNeO0BaHNE CIOXKHbIX TEHETUYECKNX B3aMMOLENCTBIUN,
Kak Ha npuMmep TpureHHble B3anmogencteus. Kypc takxe ob6cygut oTkpbitue CRIS-
PR (Kpucnep) n kak OH N03BOSISIET NPOBOAUTbL UCCefoBaHne PyHKLNOHAIBHOWN
reHOMUKU B YenoBeveckux knetkax. Kypc 3akoHUMTCS OCBELLEHNEM AnemMm
aBTOPCKOro npasa u aTukn cesadanHbiMu ¢ CRISPR (Kpucnep).

>> Benku: CTpyKTypbl, PYHKLUN 1 aKTyarlbHOCTb B GUoMeauLmMHe

Benywe // Tutors: Erop AHTOHOB, NéTp Bnacos, Vines Cenatopos, MNonvHa
LLInukosa // Egor Antonov, Peter Vlasov, llya Senatorov, Polina Shichkova

A3bik // Language: pycckui // English

Benkun - ocHOBHbIe YHKLMOHaNbHbIE MOMEKY bl B XXMBbIX OpraHMaMax. Ha kypce
Mbl PACCMOTPUM pasfiNyHble acneKTbl YCTPONCTBa U (DYHKLMOHNPOBaHNS 6ENKOB,
a Tak>Xke TEOPETMYECKNE METOAbI aHaNM3a 1 NpenckasaHnsa nx ceorncTe. Pasbepem
Ha SPKUX NpYMepax posib ceTel 6e/KOBbIX B3aUMOAENCTBUN B NOAAEP KAHNN
pasHoobpasHbix MYyHKLUMIA opraHn3ma. HakoHeL, Mbl 06Cyanm, Kak Halm 3HaHus
0 6enkax BOMioLwatTCcs B HOBENLLMX NCCNenoBaTenbCKUX U 6UoMeauLUHCKIMX
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npoeKTax.
Proteins are main functional molecules in all living organisms. At our course we
want to shed light on many different aspects of protein structures and functionality
and to discuss theoretical methods for protein properties analysis and prediction.
Additionally, we will reveal an important role of protein interaction networks in the
maintenance of life process. Last but not least - we want to chat about how to use
our knowledge about proteins in the very novel investigation and biomedical projects.

>> BHyTpukneTouHasa curHanuadauus // Introduction to Cell Signalling

Bepnywas: Jlapnca Okopokosa // Larisa Okorokova

A3bik: pycckun // English

Ha aToM Kypce Mbl y3HaeMm, Kak aykaproTuyeckas KieTka KOHTponmpyeT
KJTETOYHBIN UMKJ1, anonTo3, yNpaBnseT UUTOCKeneTom 1 ap. NosHakoMmmcs ¢
OCHOBHbIMY CUMHa/TbHBIMI Kackagamu 1 pesynbTaTtaMuy UX NOSIOMKM - pasnyHbIMU
naToNorusiMu.

This course will introduce the basics of eucaryotic intracellular signalling - cell
cycle control, apoptosis, cytoskeleton regulation, etc. We will get familiar with several
pathways and consequences of their breakdown - various pathologies.

>> The Genetics of Autoimmune Diseases

Tutor: Tiffany Amariuta

Language: English

In this course, | will cover the history of genetic advances in autoimmune dis-
eases, with a particular focus on rheumatoid arthritis. We will talk about experimen-
tal approaches beginning in the 1970s and how these approaches evolved over the
coming decades. As we get to the early 2000s, we will discuss how large sequencing
efforts such as the Human Genome Project revolutionized genetics research. We will
cover the era of GWAS (genome-wide association studies) and the long list of com-
putational and statistical strategies that were developed to gain insights from these
studies. Finally, we will discuss where the field of autoimmune disease genetics is
headed- such as single cell transcriptomic and epigenomic research, the topic of my
research lab at SMTB.

>> Visualisation and analysis of macromolecules using ChimeraX

Tutor: Maria Anastasina

Language: English

Using ChimeraX for visualization and analysis of macromolecules. We will learn
how to use Protein Data Bank (PDB), fetch PDB models and open them in ChimeraX.
We will study different ways of displaying macromolecule models, look at all kinds of
direct interactions within the molecules and molecular assemblies, learn how to ana-
lyze specific residues, mutate them, investigate effects of the mutations on intra- and
inter-molecular interactions. We will look at many ways of tackling biological ques-
tions using molecular visualization software and learn how to make beautiful, publica-
tion-quality images and movies of our favorite molecules, or even prepare 3D-printing
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models.

>> Neuroethology

Tutor: Victoria Pokusaeva

Language: English

The course on Neuroethology aims to answer the question “How does the brain
activity shape the way animal behave?” We will take a close look on a wide range of
animal behaviours: from simple escape responses to animal communication to an-
imal cognition. We will see how environment shapes animal brains in order to face
the challenges of their daily lives. Students will learn how animal behavior can be
studied in laboratories and in nature, and how we can use this knowledge in order to
help wildlife populations. The course is aimed at students interested in neuroscience,
wildlife science, ecology and evolution.

>> First steps in Epidemiology

Tutor: Alba Tor

Language: English

Have you ever heard about the word “epidemiology”? Would you like to know
how biology and sociology can meet to understand together the natural history of
diseases as well as the determinants of health, causes of disease and risk factors? If
you are one of those who think science can be applied out of a lab, this course really
fits you. In this course, we will see the bases of epidemiology and how populations
can tell us about their characteristics and behaviors. We will also talk about some
historic examples, studies and curiosities.

>> Immune response in time and space

Tutors: Aygul Minnegalieva and Louisa Gonzalez Somermeyer

Language: English

In this course we will follow the natural sequence of events that occurs during
an immune response, covering the main immunological principles of both innate
and adaptive immunity. We will also look at experimental data in order to understand
these principles and see the logic behind complex molecular mechanisms. The
course will also include some clinical aspects and advanced material from ongoing
biomedical research in innate and adaptive immunity.

|| Department of Exact Sciences // [lenapTaMeHT TOYHbIX HayK

>> LlIkonbHas matemartuka B BOMnpocax n orBeTax

Benywue: nbpap Xncambeen

A3bIK: pyccKuin

B aTOM Kypce Mbl OCBEXUM HaBbIKM pelleHnst 3afay U3 LUKOJbHONM NporpamMmbl 1
3anonHuM benble nATHa. HayHeM ¢ cambix MPOCThIX TEM, a Aarnblue NOCTPOUM KYpPC
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BMeCTe Mo Baluum 3anpocam. Mpuxonute, ecnu Bbl BCE eLLe MPYCTUTE NPU MbICTSIX O
El3 nnun mataHanuse B By3e.

>> MaTemartnyeckas rpaMmoTHOCTb ansa bruonoros // Math Literacy for
Biologists
Bepywme // Tutors: Onbra bBoukapesa, nbaap Xncambees // Olga Bochkareva,

lldar Khisambeev

Asbik // Language: pycckun // English

Bbl no3HakoMuUTECH C NpUMepamMy UCMNOMb30BaHNSt CTAaTUCTUYECKNX N
BEPOSITHOCTHbIX NOAXOO0B B BMONOrNMYeckmx nccnegoBaHunsx. [ns atoro Mol 6ygem
pelaTtb Kencbl, BO3HMKaoLLe BO BPeMsl paboTbl C 61ONOrM4ecKMUN AaHHbIMU,
4YTOObI HA peaibHbIX HayYHbIX 3a4adyax MNOHATb, YTO CKPbIBAETCS 3@ TAKUMU C/IOBamMu
Kak cTaTucTnyeckasi 3Ha4MmocCTb, p-value, KoahdULmMeHT Koppensauum, score
BblpaBHUBaHWS, OLWNOKN NEPBOro 1 BTOPOro POAa, Nonpaska Ha MHOXECTBEHHOE
TecTMpoBaHue 1 np.

This is a practical course centered around the examples of statistical and proba-
bilistic methods applications to the research inspired by biological questions. We will
consider a set of use-cases that typically arise if you work with the biological data to
learn such concepts as statistical significance, p-value, correlation coefficient, type |
and type Il errors, alignment score, multiple testing correction and others.

>> [TporpammMmunpoBaHue Ha Python

Bepywime: NBan Kynakosckun, Anekcei Monos, Omutpuin NeHsap, 3os
YepBoHueBa, [NaBen KpasyeHko, Nnbs BopoHLoB

AsbIK: pycckuin

Kypc 3HakoMunT € 13bIKOM nporpammupoBaHuns Python n 6ubnunotekamu ons
aHannaa gaHHbIX. [10 YpOBHIO MOAOVAET Y HAYNHAIOLMM, Y NPOABUHYTHIM.

HavanbHbI ypOBEHb: TUMbl OaHHbIX, CTPYKTYPbI OaHHbIX, 6a30Bble NHCTPYKLMUN
a3blka Python, 6a30Bble anemMeHTbl anropuTtMoB. [NMpoaBuHYThIN YPOBEHb:
6nbnmnoTekn gnsa paboTbl C Hay4YHbIMK AaHHbIMKU (NUMpPYy, pandas) 1 BU3yannsauuu
(matplotlib), ocHoBbI MaWMHHOIO O6YyYeHNS.

>> Artificial intelligence: be the neuron

Tutor: Guillaume Filion

Language: English

Introductory course on artificial neural networks where each student will play the
role of a neuron.

>> Punamka - [pocTo

Benywwun: ViBaH PaHgoLkmH

AsbIK: pycckuin

dunsnka KaXKeTCs O4eHb CNOXXHOWM HayKown, a hopmMmy bl NpeacTaBnsoTCs
TalrHbIM A3bIKOM, HA KOTOPOM 3annCbIBalOTCS 3HAHWS, COBEPLUEHHO OTOPBaHHbIE OT
peanbHOCTN? Ho Bedb 9TO coBepLUeHHO He Tak! [laBanite BepHEM hn3KKy B 06n1acTb
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no3HaBaemMoro un y69,D,VIMCF| YTO MbICNUTb (bl/l3|/|'~ieCKI/I MOXET KaxKabli.

>> Punsmnka B npnMeHeHnn K 6uonornn N XMMmmn

Bepywime // Tutors: ViBaH PaHpowkmH, Mawa TyTyknHa

A3bik // Language: pycckui // English

OHTpoNus, aHTanbnus, aHeprus Mmb6bca, XMMnYecKnii NoOTeHUMan, aHeprms
aToma, JIIOMUHECLIEHUMS, SAEPHbIN MarHUTHbIN pe3oHaHc. Ckopee Bcero, Bol
CTanKMBasnCb C 3TUMU MOHATUAMN U SBJIEHUSIMU, NONb30BaNCb YeM-To. [Mpn aToM
3agaBanuncb 060CHOBaHHbLIMK Bonpocamu. Yto aTo Takoe? Kak ato pabotaet? Kak
cebe 3To NoMbICIUTL? BOT Ha HUX Npeasiarat HanT OTBETI.

Entropy, enthalpy, Gibbs energy, chemical potential, atomic energy, lumines-
cence, nuclear magnetic resonance. Most likely you dealt with these terms before
and wondered. What is this? How does it work? How can we imagine it? In our
course, we will find the answers.

>> Anrebpa MHOrorpaHHUKOB: MO3auK1 1 KpUCTanbl

Benywmn: Muxann lNenbdaHg

AsbIK: pycckuin

CUMMETPUM MHOFOrPaHHNKOB Y MO3auK, CBA3b MEXAY KOMYECTBOM rpaHen
pas3Horo nopsiaka B MHOrorpaHHuKax, paspesbl, MHOrorpaHHUKM BbICLUMX
na3mepeHunin. Mbl 6ygem CTpouTb YeTbIPEXMEPHBIN Ky6 13 ropoxa 1 3y604nCTOK 1
nonpobyem caenatb TO XK€ camoe Mpu NOMOLLM TPEXMEPHOMN PYYKU.

>> Intro to topological data analysis

Tutor: Roderic Guigo Corominas

Language: English

TDA is an approach to study the shape of data. This relatively new field of study
has a number of application in biology. We will try to consider biological image pro-
cessing and protein folding.

|| Department of Human Sciences //
|| DenapTamMeHT ryMaHuTapHbIX HayK

>> Writing application essays for US colleges (and writing personal es-
says for pleasure)

Tutor: Cathy Shufro

Language: English

Course participants will learn how to write a vivid personal essay. We will consid-
er how to choose a topic with rich potential and how to balance a personal story with
a larger “public point.” We will review basic grammar as needed and discuss how US
colleges use these essays in choosing whom to admit. Students will help each other
evaluate their drafts. Any students or faculty who want to write a personal essay for
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their own enrichment are most welcome to join us.

Writing lab for team leaders and faculty

In this writing lab, | will provide guidance as you write internship and graduate
school application essays, cover letters, and journal articles. for applications, | can
help you decide what to include and how to highlight your strengths. For article writ-
ers, | can help with grouping ideas, transitions, concision, and subtle self-promotion.
For everyone, | will check grammar and help you sharpen your own editor’s eye.

>> VlcTopusa n kynbtypa icnaHum n bapcenoHsl

Benywwuin: Erop Belukos

A3bIK: pycckui

A 3akoHunn unonormdeckun dakynstet CI6IY, ndyyan ncnaHckmm a3bik
n nutepatypy Vicnanun n JlatuHckon Amepukin. KynbTypa, cTpaHoBefeHue,
NCTOPUSi — BCE 3TO B COCEACTBE C KHUMAMU U NX FepOsiMU OOMOJHANO KapTUHY,
Oenano nsobpaxeHue yetye. Elle 0o nepBor Noe3aku No UCNaHCKMM ropogam u
BECSIM BOOWCS B HAX pa3 1 HaBcerga — YTo-TO OTO3BasIOCh BHYTPY Ha HOBYHO,
HEepPOAHYH0, HEM3BECTHYIO CTPaHy, Kakas-To CTpyHa, KOoTopasi Tak 1 He nepecTana
3By4yaTb. C Tex Nop Oentocb 3ToM My3bIKol ¢ Apyrumu. Ecnu n Bel nocne moero
pacckasa no4yBCTBYyeTe YTO-TO NogobHoe, byay cunTtaTtb, 4YTO BCe He 3ps. C
NCTOPUEN 1 KYNbTYPOI CTpaHbl UK ropofa NpusiTHEE BCEro 3HaKOMUTLCS,
HaxoAsCb HEMOCPEACTBEHHO B OMMCbIBAEMOW TOYKE Ha KapTe. VicnaHus - aTo He
TONbKO CaHrpus, Nasanbs U KOPPUAA, 3TO MHOXECTBO BaXKHbIX CHOXXETHbIX JINHWIA, O
KOTOPbIX Mbl 1 MOrOBOPUM Ha Kypce, 06cyayM Bce 1 He ynyCcTuM Huyero. U paxke
nonpobyem BbibpaTbcst Ha akckypcun! [1o BCTpeun.

>> Y NCTOKOB HOBOEBPOMENCKOW HayKn: Marns 1 HatypasnbHas
dunocodus B CpegHue Beka n anoxy BospoxxaoeHus

Benywuin: OBaHec AkonsiH

A3bIK: pycckui

CpepHeBekoBbe 1 Bo3poxkaeHme no-npexxHeMy oKyTaHbl MHOrOYUCIEHHBLIMN
mMudamu. Ecnm o CpegHeBekoBbe OObIKHOBEHHO MPUXOAUTCS ClbIWaTb Kak
0 BPEMEHU ApeMy4mnx CyeBepuii 1 NOAABIEHNS MHAKOMbICIUS, TO PeHeccaHc
npeacTaeT Kak anoxa TOp>XXecTBa pasyma 1 «4efloBe4eCKOro JOCTOMHCTBA.
PaccmatpuBas, kak nponcxoauno opMmnpoBaHne HOBOEBPOMENCKOWM HayKn, 3TOT
KYpPC pasBeH4Y/BaET MHOXECTBO NPeapaccyKoB, CBA3aHHbLIX C €BPOMENCKON
nHTennektyaneHom nctopuen XllI-XVIl Be. B cemun nekumsx 6yget nokasaHo, Kak
Marusi, pacuseTias Kyga 6onee B «pasymHoe» Bo3poxxaeHue, YeM B «CyeBepHOe»
CpepHeBekoBbe, 1 HaTypanbHas dunocodus, 6asnpoBasLUasica Ha TEKCTax,
no>xanyi, camoro KpyrnHoro MbICIMTENsi EBPOMENCKON Tpaguuum — ApUcToTens,
— onpenenunun Nyt pasBuTUS HayYHbIX METOAA U 3HAHUS, KaKMU Mbl X 3HaeM
cerogHsi.
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>> JluHrBncTuka

Benywas: Onbra KysHewosa

A3bIK: pycckui

KpaTkunin Kypc NMMHIBUCTUKW B UICTOPUSIX 1 ronoBonioMmkax. Kaxkgoe 3aHsTie
npeacTaBnsieT cobon 0bCyXXaeHme «ropsunx» npobsiemM, NonyTHoe BBeAeHNe B
0B KYPC NMNHMBUCTUKUN N PELLEHNE NMHTEPECHbIX 3a[a4 Mo KaxkaoMy pasgeny.

>> Social inequality, gender and sexuality, mental health care, discrimi-
nation, intersectionality

Tutor: Ania Gitelmakher

Language: English

No matter where we come from, we all live in a world of social inequality. Social
inequality causes discrimination (uneven treatment) on such grounds as sex, religion,
ethnicity, gender identity, health status, sexual orientation, age, appearance and
many more. Every one of us has their own unique experience with discrimination and
is affected by different discrimination systems such as sexism, homophobia, racism,
ageism and others.

In this course we will talk about how discrimination and inequality affect us and
our everyday lives and what we can do about it.

We will talk about social justice, privilege and intersectionality and then take a
closer look at two categories: gender and mental health. We will clarify the difference
between sex and gender, talk about sexuality, gender identity (including LGBTQ+
identities) and gender expression. In talking about mental health we will discuss the
stigma that surrounds it and learn about eating disorders, anxiety, depression, sui-
cide and self-harm. We will also talk about finding help and support, and building up
resilience.

This course will require your active participation and input. That means that you
have a say in how we spend our time together and the opportunity to explore and
learn about the complex issues on your own and through groupwork. We are going to
have a lot of discussions and additionaly you will be able to explore such methods as
expressive writing and drawing.

>> Kak ycTpoeHa coBpeMeHHasi noa3us 1 3a4em ee untatb. Victopus,
Teopus 1 NpakTuka.

Benywas: EBreHus JlaByT

A3bIK: pycckuii

Mo KakMM npu3Hakam Aan OTANYakT CTUXOTBOPEHME OT N06Oro Apyroro
TEeKCTa, 3a4eM OHU MULLYT CTUXM U YNTAIOT UX, KaK MeHsi/1acb No33us 1
npegcraBneHne 0 PyHKLMM NO3TUYECKOro TEKCTa BO BTOPOW NOAOBMHE XX —
nepsoi yeTBepTn XXI Beka? Kakune noatsl 1 nutepatypHble 0ObEeAMHEHMS OKa3anu
K/IH04YEeBOE BSIVSIHNE HA COBPEMEHHbIV MNO3TUYECKUA S3bIK U MOXXHO /1M 3TO BAVSHNE
n3meputb? B Kakux popmax CyLecTByeT Noasus B LNPOBYLO 3MOXy?
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