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JlabopaTopuss manunyasiuui ¢ JJHK
PykoBogurens: I'nitoM OunboH

Laboratory of DNA manipulations
Head of laboratory: Guillaume Filion

B Hamem npoekt Mbl OyZieM UCClIeI0BaTh MEXaHU3M TPAHCKPHIILIUH, UCIIOJIB3YsI CaMYIO
COBpPEMEHHYI0 TeXHUKy MaHumynupoBanus JIHK — Tak Ha3biBaemylo «cOopky I'mOGcona»
(Gibson assembly, https://en.wikipedia.org/wiki/Gibson assembly). Y4yacTHUKH MpoeKTa

OCBOST  0a30Bble  TEXHUKM  MHUKpPOOHMOJOTMM  (BbIpammBanue  Escherichia  coli,
AJIEKTpONOpanys IUIa3MUJ, pPOCT Ha arape Ioja OTOOpOM aHTHOMOTHKaMu), Oa3oBbIE
MoJleKyJsipHO-Ononornueckue Texuuku (TP, oumcTka mmasmua, WCHOIB30BAHUE
(epMEHTOB PECTPUKIINH, TeIb-3JIeKTPOodope3) 1, COOCTBEHHO, 00Jiee COBPEMEHHYIO TEXHHUKY
Gibson assembly. A HaydHas 3aja4a, perraeMasi B paMKax MpPOEKTa, COCTOUT B IPOBEPKE
runore3sl o ToM, uto ydyactku JIHK ¢ TepMuHaTtopaMu TpaHCKpUNLIMM COAEpKaT emeé U
MOCJIeIOBATEIbHOCTH, AKTUBUPYIOIIME TPAHCKPHUIILIMIO JPYrMX TeHOB. bombimas dyacth
paboTel OyIeT OCYIIECTBISTHCS Ha KylnbType Escherichia coli, HO mMaHUDynsSiuu OyayT
ocymectBiaTh ¢ JIHK npo3odun — u ¢puHanmpHble TECT OyAyT MPOBOAUTHCSA HA KIETOYHON
KYJIbType IpO30(HIL.

In this project we will test a theory on transcription, using modern DNA manipulation
techniques. The practicals will show how to manipulate DNA for Gibson assembly. The
students will perform basic microbiological techniques (growth of Escherichia coli,
electroporation with plasmids, growth selection on agar plates with antibiotics), basic
molecular biology techniques (PCR, plasmid purification, digestion with restriction enzymes,
agarose gel electrophoresis) and more advanced techniques (Gibson assembly). The
hypothesis we want to test is whether the terminators of transcription contain sequence that
activate the transcription of other genes. Even though most of the work will be performed in
E. coli, we will manipulate Drosophila DNA and test the final hypothesis in Drosophila cells
in culture.



JlabopaTopusi 0akTepUaIbHOM

U PYHKUMOHAJIbHOU N€eHOMUKH
PyxoBoaurens: Muxaun ['ensdann & Ko

Laboratory of bacterial

and functional genomics
Head of laboratory: Mikhail Gelfand & Co

JlaGoparopusi  GakTepuaJibHOW U (PYHKIMOHAIBHOM TE€HOMHUKH  IPOJOJDKAET
WCCIICZIOBAaHMS B TPAaTUIMOHHBIX 111 ceOs obnmactax. Hekoropele u3 3amau jabopatopuu
ABIISIIOTCSL  COCTaBHOM (HO CaMOCTOATENBHOM) YacThl0 TEKYUIMX IPOEKTOB HAIIUX
npenonasateneir B UM, CkonTexe u MI'Y (B TOM umciie, HauaTbIX Ha MOPEIbLIYLIUX
IIKOJIaxX), APYTHE )K€ SBIAIOTCS HEOOJBIIMMH CaMOCTOSATENBHBIMU TPOEKTaMH, KOTOPHIE, B
3aBHCUMOCTH OT PE3yJbTaTOB, OyIyT MPOJOJDKEHBI U MOcie KOl OTIENbHO OTMETUM, YTO
B OOJBIIMHCTBE HAIIMX TPOEKTOB MOXHO y4yacTBOBaTb M HE UMes OIbITa
IPOTPaMMUPOBAHUS.

The Lab of Bacterial and Functional Genomics continues working in its traditional areas.
Some of our projects are parts of current research by our teachers in IITP, SkolTech and
MSU (includingprojects initiated at previous schools), while others are relatively
independent, but may be continued after the school, dependent on the results. It is important
to notive that one may participate in most of our projects without programming skills or
experience.

IIpoexr 1:
KommnbrorepHslil aHanu3 4yacTo sIBIASETCS MOBOJIOM ISl OCIEIYIOIIUX SKCIIEPUMEHTOB.
C Maiueii Tyrykunoit 1 Munoit CyBopoBo# HaZ0 OYJET B3ATh JOCTYITHBIE MAaCCOBHIE TaHHBIC

no B3aumojeicTBuaM ¢akropoB TpaHckpumuu ExuR u UxuR ¢ JIHK kumeunoi nanouku,
ompenenuth, kakue ydactku JIHK y3HaroT stH akropbl, a 3aTeM 3SKCIEPUMEHTAIBHO
MIPOBEPUTH, KAK MEHSETCS padoTa reHOB-MHILEHEH H00aBIEHHH B CPEAy pPa3HBIX Caxapos.
DTO MHTEPECHO U € (PYHKUMOHAIBHOM TOYKHM 3pEHHs], IOTOMY YTO, MOXOXE, 3TU (PaKTOPbI
PEeryIupyloT HE TOJBKO YXE HM3BECTHBIE I'€Hbl METa0O0JM3Ma TeKCYpOHOBBIX KHCIOT, HO
UTPAIOT KaKylO-TO INIOOATBbHYIO POJIb, M C TOYKU 3PEHUS IBOJIOLHMH PETYISTOPHBIX CHUCTEM:
3TH (haKTOPBI Pa30LUTUCH HEJaBHO (y OOJIBIIMHCTBA OaKTEepUil UMEETCs TOJIBKO OJUH (PaKTop,
UM POJCTBEHHBIN), U UX aHAJIU3 MO3BOJHT MOHATH, KAK MEPECTPAUBAIOTCA CETH PETYIISIHUU
TPAHCKPHUIILIMK TIOCNe JYIUIMKAIlMKM peryisaropoB. B aroil 3amaye KomMOuWHUpyeTcs
KOMIIBIOTEPHBIN aHajau3 (C MCMOJIb30BAHUEM TOTOBBIX INPOTPaMM) U HKCHEPUMEHTATbHAs
pabota (IILP B peanbHOM BpeMeHH). Jpyrue Halum NpoeKThl YUCTO ONOMH(OpMATHUECKHUE, B
HUX T0JIE3HO, HO BOBCE HE 0053aTEIbHO HEMHOT'O YMETh IPOrPaMMHUPOBATh.

Project 1:

Computer analysis often leads to subsequent experiments. With Masha Tutukina and
Inna Suvorova you will start with available data on interactions between transcription factors




ExuR and UxuR with Escherichia coli DNA, identify binding sites, and then experimentally
determine how expression of target genes changes upon addition of various sugars to the
growth medium. This is interesting both from the functional side — it looks like these factors
regulate not only known genes of hexuronic acids metabolism, but have a global role — and
from the evolutionary viewpoint — these factors have diverged rather recently (most E. coli
relatives have only one factors related to these two) and their analysis would show how
regulatory networks are reconnected following duplication of regulators. This project
combines computer analysis (using available tools) and experiment (real-time PCR). Other
projects of our lab are purely bioinformatic. Programming skills are a plus, but definitely not
essential.

IIpoexT 2:
Eme oaun mnpoekr HMHHbl CyBOpOBONM — PpEKOHCTPYKLUS CETHU PETYISILMU

TPAHCKPHUIILIMM TEHOB MeTaboM3Ma apOMAaTHYECKUX COEAMHEHWH. DTO HHTEpecHO, B
YaCTHOCTH, MOTOMY, YTO OakTepUH IOKA3bIBAIOT YAMBUTEIBHYIO CIIOCOOHOCTH pasiararb
BEIIECTBA, KOTOPHIX HHUKOTJa HE CYIIECTBOBAJO JO BO3HUKHOBEHHS COBPEMEHHOU
XMUMUYECKOH MPOMBIIUIEHHOCTH, U €CTECTBEHHBIM BOIPOC — 3a4€M M KaK OHH 3TO JIEIAIOT.

Project 2:

One more project from Inna Suvorova is reconstruction of regulatory network for the
metabolism of aromatic compounds. This is interesting, in particular, because bacteria can
feed on substrates that have not existed before the dawn of industrial chemistry — and one
should be curious how they do it.

IIpoexr 3:

[IpousBosncTBO O€ika 3aBUCHUT HE TOJBKO OT TPAHCKPHUILKMKM TEHOB, HO U OT
tpancisiuuu MPHK. PuGocomsl aurarotcs mo MPHK HepaBHOMepHO, a MHOTa CBAaIMBAIOTCS
c umee. C 3oeit YepBoHIIEBOY MOXHO OyAeT mompoOOBaTh MOHATH, OT YETrO ITO 3aBUCHT.

Bo3MmoskHble BapuaHThl — cTa0mibHas BTopuyHas ctpykrypa MPHK u penkue xomonsl. s
aHanmu3a OyIyT KCIOJIb30BAaHBl MACCUBBI JIOCTYIHBIX JAaHHBIX, MOJYYEHHBIX HEJaBHO
pa3paboTaHHBIMH METOJJaMH, TAKUMH Kak prOOCOMHOE MpoduIrpoBaHue.

Project 3:

Gene expression depends not only on transcription of genes, but also on translation of
mRNAs. Ribosomes scan mRNA at a non-uniform rate, and sometimes drop off. Zoya
Chervontseva wants to understand what determines the translation and drop-off rates using
available data from large-scale ribosome profiling experiments. Possible explanations are
stable secondary structures and rare codons.

IIpoexT 4:

Jlpyras 3aja4a cBs3aHa C SBOJIIOLMEH I€HOB CaXapHOTO METaboIM3Ma, KOTOPbHIE MBI
U3y4aeM YK€ TPEThbI0 MIKOIY MOAPSA. MBI 3aMeTHIIM, YTO T'eHbI, KOAUPYIOUIHE OElKH C
OJIMHAKOBBIMHM (DYHKIMSIMH, B OaKTEpHAIbHBIX TEHOMAaX YacTO PACIIOJIOKEHBI PSIIOM JIPYT €
apyrom. Ans Kasnanseit u 3os1 YepBoHLEeBa OyayT MCCIIEAOBAaTh TaKHE Mapbl TEHOB C TEM,

4TOOBI OINpEeNeNUTh UX (YHKUHMOHAJbHbIE CBS3U (paboTa B IMOCIEIOBATEIBHBIX CTaIHIX
OJTHOTO METa0OJMYECKOr0 IyTH) M OSBOJIIOLMOHHOE MPOUCXOXKICHHUE (IyIUTUKAIMA C



MOCJICAYIOIUM H3MEHEHUEM (PYHKIIMOHAIBHOW CHEUU(PHUIHOCTH, TOPU3OHTAIBHBINH MEPEHOC
U T.IL.).

Project 4:

A joint project by Anya Kaznadzey and Zoya Chervonsteva is dedicated to the
evolution of sugar metabolism loci, continuing our work in 2014 and 2015. We’ve noticed

that genes encoding enzymes with similar functions are often co-localized in bacterial
chromosomes. The aim is to understand functional relationships between such genes (do they
encode successive stages of one pathway) and their evolutionary origins (duplications with
subsequent change in functional specificity, horizontal transfer etc.).

IIpoekr S:
3agaun Onu boukapeBod Takke CBsI3aHbl C T€HOMHBIMHU TiepecTpoiikamu. M3BecTHO,

YTO TEHOMBI pa3IMYHBIX IITAMMOB OJHOTO BHAA OakTepuil OTIIMYAIOTCA APYr OT Jpyra
COCTAaBOM U NOpSAAKOM IeHOB. OlHa M3 OCHOBHBIX IIPUYUH PA3IU4YMi B T€HHOM COCTaBE —
TOPU3OHTAJBHBI TEPEeHOC TEHOB OT JApyrux Oakrepuil. Takue COOBITHS TO3BOJSIOT
OakTepHsM OBICTPO alaITUPOBATHCS K HOBBIM YCJIOBUSM, B YaCTHOCTH, OHM SBIISIOTCS] OJJHOM
13 OCHOBHBIX IPUYHMH YCTOMYUBOCTH OaKTepuil K aHTUOMOTHKAM. MBI IpUayMaiu HECKOJIBKO
CIOCO0OOB OTJIMYATh TOPU30HTAIBHO MEPEHECEHHBIE I'€HbI OT T€HOB, CYIIECTBOBABLIMX B
MPEJKOBOM HAboOpe IITaMMOB; 3aJadya COCTOMT B TOM, YTOOBI NMPUMEHUTH 3TH METOIBI K
aHaJIN3y T€HOMOB KHIIEYHBIX MAJOYEK U CAJIbMOHEII U OLEHUTh YAaCTOTY T'OPU30HTAIbHBIX
nepeHocoB. Bropas 3amada — U3y4uTh NEPECTAHOBKHU YK€ CYIIECTBYIOLUX I'€HOB B FEHOMaX.
EcTb runoresa, 4To Takue NEPECTPOMKU XapaKTEPHBI AJI1 MOJIOABIX aToreHoB. Ha npouuibix
IIKOJIaX MBI YK€ M3y4alld TepecTpOrKU TeHOMa BO3OYIUTENs YyMbl Yersinia pestis U naxe
HamucaJld INpo 3TO cTarbio. Ha 3TOM mIKoJie MBI XOTUM PEKOHCTPYHPOBATh HCTOPHIO
nepecTpoek B reHomax Shigella spp. — B0O30ynuTenel IU3EHTEPUH, KOTOPHIX pAaHBIIE
OTHOCWIN K OTIEJIBHOMY pOAY, @ IOTOM IOHSUIM, YTO 3TO IMPOCTO BapHaHT KHUIIEYHOU
MAJI0YKH.

Project 5:

Olya Bochkareva’s projects also are concerned with genome rearrangements. It is well

known that strain genomes differ in gene content and order. One of the main reasons in gene
content differences is horizontal gene transfer from other bacteria. This helps bacteria to
adapt to changing conditions, e.g. the use of antibiotics. We’ve invented several approaches
to distinguish between horizontally transferred genes and genes inherited from a common
ancestor, and the task is to apply these methods to available genomes of E. coli and
Salmonella spp., and to estimate the horizontal transfer rate. The other problem is to study
genome inversions yielding changes in gene order. There is a hypothesis that the rate of
inversions is sharply increased in young pathogens. In previous schools we’ve studied the
cause of plague, Yersinia pestis, and even have written a paper about this bug. Now we want
to look at dysentery bugs Shigella spp. That have been though to constitute a separate genus,
but recently have been shown to be strains of E. coli.

IIpoexT 6:
IIepecTpoliku reHOMOB CIIy4aroTCs U 'y 9yKapuoT. Ho Tam cutyanus naxxe UHTEpecHee,
noromy uro JIHK B sape mioTHO ymakoBaHa; 3J€MEHTapHBIM €IMHULIAMHU TaKOM YIaKOBKHU



ABIIAIOTCS Tomosjorudyecku AcconuupoBaHHble J[OMEHBI, IUIOTHO YNAKOBAHHBIE YYacTKU
JUIMHOM TOpsiAKa MUJUIMOHA Map ocHoBaHui. Kard XpameeBa npeqiaracT moCMOTPETh, Kak

COOTHOCSTCSI IEPECTPONKH B TEHOMAaX MJICKOMUTAIOIMUX U Jpo30odui co cTpykrypoit TAlos,
HarpuMep, BEPHO JIM, YTO TpaHHUIbl mepecTpoek He monaaaioT B TA/Ipl. s storo Oyxaer
COIIOCTAaBUTh JOCTYIHBIC JAaHHBIE O MPOCTPAHCTBEHHON CTPYKType T€HOMOB YEJIOBEKa,
MbI U Drosophila melanogaster n cymecTByIoUre peKOHCTPYKLIUU UCTOPHH T€HOMHBIX
nepectpoek. Ho mpocTpaHCTBEeHHAs CTPYKTypa BIMSET HE TOJBKO HA JBOJIOLUIO, HO M HA
(GyHKIMU TeHoMa. Y Hac €CTh MOJYYEHHbIE OT KOJUIET HOBBIE JaHHBIE O MPOCTPAHCTBEHHOMN
CTpyKType oOriiecTBeHHON ameObl Dictyostelium discoideum (3T0 cymecTBO BeAeT celsi Kak
OJTHOKJIETOYHOE, KOTJ]a BCE XOPOILI0, M KaK MHOTOKJIETOYHOE, KOT/1a He XBataeT ensl). Hamo
OyZeT MOCMOTPETh, I/I€ PACIIONIOKEHBI I'eHbl OTHOCUTEeNbHO TAJIOB, 3aBUCHUT JIH 3TO OT TOTO,
HACKOJIbKO MHTEHCHUBHO paboTalOT 3TH TeHbl, BEepHO JH, 4yTo B TA]J| momajaroT TeHBI,
KOTOpbIE paboTaIOT B OJJHUX M TEX Ke CUTYAIUIX T.1I.

Project 6:

Genome rearrangements in eukaryotes are more complicated, because the DNA in the
nucleus is tightly packaged. Elementary units of the 3D structure are Topologically
Associating Domains whose average size is about one million base pairs. Katya Khrameeva

wants to analyze the interplay between TADs and genomes rearrangements in mammalian
and drosophila genomes, in particular, to check whether rearrangement breakpoints tend to
occur between, and not within TADs. This will be done using available data on genome 3D
structure and reconstructions of rearrangement history. But spatial structure influences not
only evolution, but function. Our colleagues in Moscow shared new data on the 3D structure
of DNA in slime mold Dictyostelium discoideum (this creature is a single-celled ameba when
the food is plenty and a multicellular aggregate upon starvation). You will analyze how its
genes are located respective to TADs, how their expression depends on the TAD structure,
and whether co-expressed gens tend to be co-localized in TADs.



JlabopaTopusi pusuku OeJika
PykoBonurenu:
JAmurtpuii IBankoB u /luHapa YcmaHnosa

Laboratory of protein physics
Heads of laboratory:
Dmitry Ivankov and Dinara Usmanova

OnHOM M3 caMbIX BaXKHBIX NMPOOJIEM COBPEMEHHON OHMOJOrMU SIBIISCTCS NOHUMAaHHE
CBSI3U MEXIYy TeHOTUNIOM U (eHoTHrnoM. B wuieane, xodercs HAy4dMThCS NPEACKa3bIBATh
¢enotun mo reHorury. C HBOJIOIMOHHONW TOYKM 3pEHMS, TIJIaBHAs (HEHOTUIIHYECKAs
XapaKTepUCTHKAa T€HOTHIIA —3TO TMPHUCIOCOOIIEHHOCTh opraHusma. IlosTomy ydeHble
M3YYaloT TaK HA3bIBAEMBIN JaHOwagm npucnocobieHHocmu — MHOTOMEPHYIO MTOBEPXHOCTb,
rIe KakJIOW TOYKE NpPOCTPAHCTBA T'E€HOTHIIOB COOTBETCTBYET OINpEACTICHHAs BEIMYMHA
npucnocobiaeHHocTd. OO6NacTH BBICOKOM MPUCIIOCOOICHHOCTH H300paXaroTcsi B BHUJE
BO3BBIIIICHHOCTEH, a HU3KOM — B BUJIC BITQJIMH.

Bonpoc coctrour B TOM, Kak JaHAmMAa(T MPUCIOCOOIEHHOCTH YCTpoeH. YToObI
NPUOJIM3UTECS K OTBETY Ha ATOT BOIPOC, YUCHBIE SKCIEPUMEHTAIBHO U3MEPSIOT JaH A ThI
NPUCTIOCOOJICHHOCTH JUISL OTACNbHBIX TeHOB. OHM CO3[JAIOT THICSYM MYTAHTOB TI€HA,
MOMEMIAIOT UX B KJIETKU OaKTEepHi WIHM JAPOAOKEH M 3aTeM ONpEAeNsSiOT BBIKMBAEMOCTH
pa3nUYHBIX MyTaHTOB. OCYIIECTBICHHE TMOAOOHBIX 3KCIIEPUMEHTOB — CIOXKHAsA 3ajaya,
MOSTOMY Ha CETOAHSIIHHUMA JEHb U3MEPEHO BCEro OKOJIO JAecsATKa JaHamadros. U naxe oHu
MOKPBIBAIOT JIMIIH MATYIO YaCTh BCEX BO3MOXKHBIX T€HOTHUIIOB.

He w™enee croxHOU sBIseTCs 3aJada MOCIEAYIOIIETO aHalW3a JIaHIIa(ToB
MPHUCTIOCOOJICHHOCTH, U3MEPEHHBIX IKCIEPUMEHTATbHO. Belb W3 CHIPBIX NaHHBIX XOYETCS
MOJIyYUTh KaKue-HUOYIb MOHSATHBIC XapaKTepUCTHKHU daHamadTa. Hampumep, kakas momns
MyTaluid SBJIsIETCST Jisi reHa BpeaHbIMU? CKOJBKO MyTaluii JOCTaTOYHO, 4YTOOBI T'eH
nepecran GpyHkunoHupoBaTh? KakoBa moBepXHOCTH JiaHmadra: TIaaKas WU U3beIeHHAS
HepoBHOCTsIMU? Kak cBoiicTBa MyTanuil 3aBUCAT OT MNPUCYTCTBUS MYyTallUd B JPYrux
no3urusax? Yem oTnu4YarOTCs JTaHAMA(PTHl Pa3HBIX TEHOB, HAMpPUMEp, T'€HOB OCIIKOB U
PHK? IIpu sToM MeTOIBI YHCIEHHOTO aHAJIM3a BCE €Ile HE YHU(DHUIMPOBAHBI, U BCE
IKCIIEPUMEHTATBLHO UW3MEpEHHbIE JaHAmAa(Tel OBUTM  MPOAHATU3UPOBAHBI  PA3HBIMU
crocobamu. Takum 0Opa3om, UX MOYTH HEBO3MOKHO MEKIY COO0I CpaBHUBATE.

B nameMm mnpoekTe MBI coOupaeMcs MpPOAHAIM3UPOBATH BCE SKCICPUMEHTAIBHBIC
nanamadTel 6enkoBbix 1 PHK reHoB ¢ moMoIipio oJuHAKOBOr0 HaOOpa BBIUMCIHTEIBHBIX
METOJIOB. OJTH METOAbl OBUIM TPOTECTHPOBAHBI B HAIIEM HEJABHEM HCCICIOBAHUU
naamadTa TPUCIIOCOONCHHOCTH 3eJeHOro (iyopecuieHTHOro Oenka. B pesynbrarte
MPEJICTOSIIIIETO MPOEKTa MBI XOTHM IOHSTh, KAKHE CBOMCTBA JIaHAIA(TOB SBISIOTCS OOLITUMU



U MOTYT OBITh AKCTPANOJIMPOBAHBI HA JPYrHE€ TeHbl, & KaKue XapaKTEepPHbI JIUIIb s
aHATIM3UPYEMOT0 0OBEKTa.

One of the most important problems of modern biology is the genotype to phenotype
connection. Ideally, one would like to predict phenotype from the genotype. From the
evolutionary point of view, the main phenotypic characteristic of a genotype is its
reproductive success, or fitness. Therefore, scientists study the so called fitness landscapes —
a high dimensional surface, where height shows the fitness and all other dimensions represent
genotype space.

The important question here is how fitness landscapes are organized. For answering it
scientists try to measure fitness landscapes of individual genes experimentally. They create
thousands of gene mutants, put them into bacteria or yeast cells and then measure how
different mutants survive. Such experiments are very hard tasks; that is why only about a
dozen of such landscapes are measured. And, even they cover only a small part of possible
genotype space.

Another challenging task is to analyze the measured landscapes and to extract
meaningful information from them. For example: which fraction of mutants is deleterious?
How many mutations kill gene function? Is the landscape rugged or smooth? How the
properties of mutations depend on presence of mutations in other positions? What is
the difference between landscapes of different genes, for example, those of protein and
RNA? However, the methods of analysis are not unified yet, and all the measured landscapes
were analyzed in very different manner. This prevents us from the comparison of those
landscapes.

In our project we are going to computationally analyze all experimentally measured
fitness landscapes of protein and RNA genes by unified set of methods, which proved to be
useful in our recent detailed investigation of the landscape of green fluorescence protein. We
want to discover, which features of fitness landscapes are common and therefore can be
extrapolated to other genes, and which are unique to specific genes.



JlabopaTopusi 0eJIKOBBIX B3aMMOAEiCTBHIA
PykoBonurens: [xon Jla Kasa

Laboratory of protein interactions
Head of laboratory: John LaCava

I'ensr — 310 xumuyeckue «deprexxku» u3 JIHK, koTopple cooOmaroT KieTke, Kak
MIPOU3BOIUTH OCNIKHU. Belku - 3TO MOJEKyJsbl, MOANCPKHUBAIOIINE OMXUMHUYECKUE MPOLECH
KU3HH. TakuM o0O0pa3oMm, TeHbl MPEJONpPENeNAloT, KaKue HWMEHHO O€JKH JOJDKHBI
MIPOM3BOJUTCS B KaX/1I0M M3 mpuMepHO 37 TPUILIMOHOB KJIETOK YEJIOBEUYECKOTO Tela IS MX
HOPMAJILHOTO CYUIECTBOBaHMA. BHYTpH KIETOK Oelku (GOpMHUPYIOT CIIOKHBIE CETH
B3aMMOJICHCTBHI, BOIUIOIMIAs CBOM (YHKIMM M B CTAaOWIBHBIX MU B OYEHb MOJBMXKHBIX
MaKpOMOJIEKYJISIPHBIX KoMmIuiekcax. CyMMa BceX 3THUX B3aHMMOACUCTBUI Mexay OelKamu, u
BCSl IMHAMUKA MX TOBEJCHHUS, 00pa3yeT TaKk Ha3bIBAEMBIN «MHTEPAKTOM» KJIETKU. MyTanuu B
0€JOK-KOAMPYIOLINX TeHaX MOTYT HM3MEHUTh pe3yJbTHUPYIOIUK OeloKk — ero pasmep,
MOCJIeI0BATEIbHOCTh, YPOBEHb IKCIPECCHH, BHYTPUKIETOUHYIO JoKanu3zauuio. [lomoOHbIe
M3MEHEHHS MOTYT MOMEHSTh M CeTh OCJIKOBBIX B3aUMOJCHCTBUN — YTO, B CBOIO OYepE/b,
MOJKET NMPHUBECTH K AMCHYHKIMM KICTKH M K Ooje3HsM opranmsma. Kak chopmynuposain
Kak JIrocher MOHO, «MBI a0COJTIOTHO YBEPEHBI, YTO JH000E SBIICHUE, JIFOO0E COOBITHE, KaK U
moboe 3HaHHe, Jro0as mnepenada WHGOpPMAalWHU, MOAPA3yMEBAIOT B3aUMOACUCTBHE — U
HUKaKO€ B3aUMOJICHCTBHE HEBO3MOXKHO 0€3 U3MEHEHHUI, 0€3 IBOITIOIUN CUCTEMBI, B KOTOPOI
B3aUMOJICHCTBHE TMPOUCXOAUT». BOT yXe IMOJICOTHM JEeT Mbl yBEpEHBI, YTO IOHUMAaHHE
MOJICKYJISIPHBIX M KIETOYHBIX (YHKUMH M AUCHYHKIHMHA - T.e., MO CyTH, OHUMAaHHUE, YTO
Takoe 370pOBbe M 00JE3Hb - TpeOyeT U3y4YeHUsI U MOHMMaHUS UHTepakToMa. OIHAKO B TO
BpeMs Kak BbIcokonpousBogutenbHoe JIHK-cekBeHHMpoBaHME TNPEeBpaTWIIO MOJTy4YCHHE
TCHOMBIX JaHHBIX B PYTHHY, @ MAacC-CIIEKTPOMETPHS CYIIECTBEHHO YHPOCTWJIA MOJTy4YCHHE
poTeoMa KJIETKOB - TO 3ajjaua aHajlu3a HHTEPAKTOMOB BCE el 0XKHJIAET MPOPHIBA, BCIIE 32
T€HOMHOM/TIPOETOMHOM peBotonuu. 110 COBpeMEHHBIM OLIEHKaM, HaM OCTaJIOCh C JIECATOK
JeT 0 «YEpPHOBOIO» BapHaHTa KapThbl MHTEaKTOMa deioBeka. TakuM oOpa3oM Mbl emé
OKHJIaeM BO3MOXKHOCTH BBICOKO3()()EKTUBHO MEPEHOCUTH Halle MOHMMaHUE (HU3UYECKOTO
6a3nca KJIETOUYHbIX MPOIECCOB B OMOMETUIIMHCKYIO PakTUKy. Hama nabopatopust HaneneHna
Ha (1) pa3paboTKy 3 PEeKTUBHBIX METOJOB XapaKTEPU3ALUU CTPYKTYP U (PYHKIHI OEIKOBBIX
KOMIUIEKCOB, U (2) NPUIOKEHUE ITUX METONOB K H3YYEHHMIO OTKPBITBIX TEM KJIETOYHOMN
O6uosioruu. ['TaBHBIM MOJIXO0AOM K M3yUEHHIO OEIKOBBIX B3aMMOJEHCTBHIA ABISETCS MPSIMOE
WU3MEpEHUe CWJIBI B3aWMOJCHCTBUS OenkoB. [[mst 3TOH Lenw KJIETKU JH3UPYIOT — T.C.
«BBDKMMAIOT» BCE HX COIECP)KMMOE B pAacCTBOp, KOTOPBIA, B HJealie, COACPKUT BCE
MaKpOMOJICKYJISIPHbIE OEJNKOBbIE KOMIUIEKCH. DTO OUY€Hb HENpOoCTask METOAMKA, HIOAHCHI
KOTOpOH MBI OyzneM o0CyXIaTh MO XOJy BCEro MpoekTa. Jlajsee KOMIUIEKCHl BBLACISIOT U3
KJICTOYHOTO 3KCTPAKTa, UCIONb3Ysl CHElMalbHbIE pEareHThl - Kak IpPaBWIIO, aHTUTENa —
KOTOpBIE LIEJIEBBIM 00paIliOM paclo3HalOT HyXHble Oenku. B Hame nmabopaTtopun Mbl OyaeMm



napajyieIbHO pa3BUBaATh JIBa MPOEKTA, B KOTOPHIX MO-Pa3sHOMY MPOU3BEAEM OLIEHKY CHIIBI
B3aUMOJICHCTBHS OEITKOB.

B nepBoM mpoekTe, crienuaibHble peareHThl, Ha3bIBaEMbIE «HAaHOTEIaMM» (HEOObIINe
OJHOLIETIOYEYHbIE (parMeHTHl AaHTUTEN, BBIICJICHHBIX M3 KIETOK BepOmona) OyayT
TECTHPOBAThCS Ha CHEUU(PUUECKOE  CBS3BIBAHUE U II€JICBOE OYMIICHHE OEIKOBBIX
KoMmIuIekcoB. HaHoTena — 3To mepeBoioil MeTosl OMOTEXHOJIOTHA, OHU SBISIIOTCS OOBEKTOM
MHTCHCUBHOTO HM3yYEHHUs] Ha NpPEIMET NEePCHeKTHB MX HCIOJIb30BaHUS B HAy4YHBIX U
KIMHUYECKUX HCCIEeIOBAHUAX, JMArHOCTHKE U Tepanuu. M B TO BpeMsl Kak HaHOTENIa MOTYT
ObITh O4YeHb A(PPEKTUBHBI B CIEHU(PHUUECKOM CBS3bIBAHUM KOHKPETHBIX MHUIIEHEH — TO
KOMOWHAIIMM HAHOTEN JUISl Pa3JIMYHbIX CAWTOB CBSA3BIBAHHS OCIKOB (3TH CAMThl HA3bIBAIOTCS
«AUUTONaMM») MOTYT ObITh emé Oosnee 3¢p¢dexkTuBHB.. B HaHMX HKCHEPUMEHTaX MBI
UCCIIelyeM pa3HooOpa3Hble HAaHOTENA U MOCTapaeMcs SMIMPUUECKU 0J00paTh KOMOMHAIINN
KOTOpble O00€YMBUBAIOT OBICTPYIO OUYHUCTKY OEJIKOBBIX KOMIUIEKCOB C MaKCHMAaJlbHBIM
COOOTHOIIEHUEM CUTHAJI-LITYM.

Bo BTOpoM NpOEKTe MBI HCHOJB3YyEM MBIIIMHBIE MOHOKJIOHAJbHbIE aHTUTENA JUIS
OYMCTKH OEJKOBBIX KOMIUIEKCOB, CBSI3aHHBIX C YEJIOBEUCCKUMH TPAHCKPUIIIMOHHBIMU
¢bakTopamu. DTH (QaKTOPHI SBIAIOTCSA TIABHBIMH PETyJIATOPAMH SKCIPECCHU T€HOB - HO
B3aUMOJICHCTBHS 3TUX OEJIKOB OCTAIOTCS MaJOM3yYEHHBIMH, YTO JI€IaeT UX INPEIMETOM
MHTCHCUBHBIX HccaenoBaHuid. UM XoTs ofmiee 4YHUCIO TPaHKCPUIUIOOHBIX (PAKTOPOB
WCUUCIIAETCS THICSIYaMH, HCCIEOBaHUS HO TpEM KOHKPETHBIM M3 HHX, Hauboiee
W3yYEHHBIM, IUTHPYIOTCS OOJIbIIE, YeM IO BCEM OCTaJbHBIM BMECTE B3SITHIM; XOTS YK€
OKOHYTEJIBHO TOHSATHO TO OHM MMEIOT BaKHEWIIee 3HAYCHHUE IS YEJIOBEUECKOTO 3710pPOBbS U
OoJie3Hel, U paccCMaTPUBAIOTCS KaK Ba)KHBIC TEPANIEBTUYECKUE MHUILICHH.

Genes are chemical blueprints made of DNA (deoxyribose nucleic acids) that instruct a
cell how to make proteins. Proteins are molecules that facilitate the essential chemistry of
life, termed biochemistry. Thus, genes critically define which proteins need to be present in
each of the approximately thirty-seven trillion cells of the human body for it to be healthy
and alive. Within the living cell, proteins form networks of interactions, exerting
their functions through both stable and transient macromolecular complexes. The sum of
these interactions between proteins, including their spatiotemporal dynamics, creates the
‘interactome’ of the cell. Mutations in protein coding genes can alter the resulting protein,
including changes to protein length, amino acid sequence, expression level, and subcellular
localization. Such changes can lead to altered protein interaction networks that cause
cellular dysfunction and disease. As Jacques Monod eloquently stated, “We are all aware of
the fact that any phenomenon, any event, or for that matter, any ‘knowledge’, any transfer of
information implies an interaction, and that no interaction may take place without an
alteration, an evolution of the interacting system.” For fifty years or more we have
been aware that to understand molecular and cellular function and dysfunction, consequently
to understand health and disease, we must understand the interactome. However, while high-
throughput DNA sequencing can routinely map whole genomes and mass spectrometry can
thoroughly survey the protein complement (proteome) of a cell, interactome analyses have
not kept pace with the genomic and proteomic revolutions. A recent analysis estimates that
we are at least a decade away even from a ‘first draft’ map of the human interactome. We are
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therefore unable to effectively apply an understanding of the physical basis of cellular
function to improve biomedicine. Our laboratory is concerned with 1) developing effective
methods to characterize physiological protein complexes (structure & function) and 2)
applying these tools to reveal unknown aspects of cell biology. A main approach for
exploring protein interactions is affinity capture. For this, cells are lysed and their contents
extracted into a solution that ideally preserves macromolecular protein complexes — this is a
major outstanding challenge in the field that will be discussed during our laboratory.
Complexes are then specifically enriched from the cell extract using affinity reagents —
usually antibodies — that recognize target proteins. We will run two parallel projects during
the lab sessions that utilize affinity capture.

In the first project, protein affinity reagents known as nanobodies (small, single-chain
antibody fragments derived from camelids) will be tested for their ability to purify model
protein complexes. Nanobodies are a cutting edge affinity reagent and are the topic of intense
research as tool for basic and clinical research, diagnostics, and therapeutics. While
nanobodies can be very effective in binding and immobilizing their target, combinations
of nanobodies directed against different binding sites on a protein (epitopes) may be even
more effective. We’ll explore a catalog of nanobody reagents and attempt to empirically
determine the combination that permits the fastest purification of protein complexes with the
highest signal-to-noise ratio.

The second project investigates the use of mouse monoclonal antibodies to purify
protein complexes associated with human transcription factors. Transcription factors are
master-regulators of gene expression, but their protein interaction networks are poorly
understood. Assuch they are the topic of intensive ongoing research. Although
transcription factors number in the thousands, the three most well-studied
transcription factors account for more citations in the literature than all the remaining
transcription factors combined; yet it is already well understood that they have
significant influence on human health and disease, and are considered -effective
therapeutic targets.
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JlabopaTopust MUKPOTpPYOOUEK
PykoBogurens: Hukura I'ynumuayk

Laboratory of microtubules
Head of laboratory: Nikita Gudimchuk

MukpoTpyOOUKH — 3TO AMHAMHUYECKHE MOJUMephl Oenka TyOynuHa. OHH MOTYT
CIOHTAHHO TEPEKII0YaThCs MEXIY (pa3zamMu yIJIMHEHHUS M YKOPOUEHHUsS. DTO MO3BOJIIET UM
UCKaTh M 3aXBaThIBaTh XPOMOCOMBI BO BpeMs KJIETOUHOTO JEJICHUS U paclpeleNiaTh UX IO
JIOYepHUM  KJIeTkaMm. Ecim AuHaMHUKy MHKpPOTPYOOYE€K OCTaHOBHTH C  IIOMOIIBIO
HU3KOMOJICKYJISIPHBIX HHTHOUTOPOB, KJIETKH TEPSIOT CHOCOOHOCTH ACTUTHCA U OOBIYHO
yMHpAIOT myTeM amnomnrto3a. IloaToMy HMHIHOMTOPBI JUHAMUKH MHKpPOTPYOOYEK MOKHO
UCTOJB30BaTh KaK JEKapcTBa JUII OCTAaHOBKM PpOCTa OIyXOJEBBIX KJIETOK. JlMHaMuKa
MHUKpPOTpyOOUeK B KJIETKax TakXe peryjaupyercss OelKaMHu, acCOIMUPOBAHHBIMU C
MHUKpOTpyOOUKaMu. DTH OENKH MOTYT CYIIECTBEHHO H3MEHSTHh JAWHAMHKY H, BEPOSTHO,
BJIMSIIOT Ha 4yBCTBUTEIHHOCTh MUKPOTPYOOUEK K JEHCTBUIO MPOTUBOOIMYXOJIEBBIX JIEKAPCTB.
Mpsl OyzneM HccienoBaTh BIMSHHUE acCOIMUPOBAHHBIX ¢ MHUKpOTpyOoukamu OenkoB (Stu2p
n/win EB1) Ha 3 peKTHBHOCT ACWCTBUS JeKapcTB (Takcoia u/uimu spudynuna). s storo
MBI CHayajla M3MEpPHM JWHAMHKY MHKpPOTpyOOUYeK 0e3 W B MPUCYTCTBUU WHTUOHTOPOB C
MOMOIIBIO ()ITyOPECLIEHTHON MUKPOCKOIHHU TOJHOTO BHYTpPEHHEro oTpaxeHus. [locne 3Toro
MBI TOOaBUM OYMIICHHBbIE OCJIKM U M3YyYUM, KaK U3MEHHJIACh YyBCTBUTEIBHOCTh JUHAMUKU
MHUKPOTPYOOUEK K JeKapCTBaM.

Microtubules are dynamic polymers of tubulin, which undergo stochastic switching
between growth and shrinkage phases. Thanks to this property microtubules capture and
segregate chromosomes between daughter cells during cell division. If the dynamics of
microtubules is inhibited by small molecule drugs, cells can no longer divide and they
normally die through apoptosis. That is why inhibitors of microtubule dynamics are widely
used to stop proliferation of tumor cells. Microtubule dynamics in the cells are also regulated
by a number of microtubule-associated proteins. These proteins can significantly alter
microtubule dynamics and potentially affect their sensitivity to inhibitors. The aim of this
project is to explore the impact of microtubule-associated protein(s) (Stu2p or/and EB1) on
the effectiveness of microtubule inhibitors (taxol and/or eribulin). For this we will first
characterize microtubule dynamics alone and in presence of inhibitors in vitro, using purified
bovine tubulin and total internal reflection fluorescence microscopy. We will then add
purified microtubule associated protein(s) and see if the sensitivity of microtubules to drugs
has changed.
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JlabopaTopusi BPOKAEHHOT0 HMMYHUTETA
PykoBogurens: JIuza Jlemunep

Laboratory of innate immunity
Head of laboratory: Liza Leshchiner

Hama naGopatopus OyneT NOCBAIIEHA M3YYCHHUIO MEXaHU3MOB BPOXKIACHHOTO
UMMYHUTETa. BpOXXICHHBI HMMYHHTET SBISETCS NEPBOM M caMoil ObICTpod NUHHEH
3alIUThl OPraHU3Ma OT UYKEPOJHBIX MaTOreHoB (OakTepuu, BUPYCHI), U OH TaKXke paboTaer,
YTOObI YHUYTOXKAaTh PAKOBbIE KJIETKU M aKTMBHPOBATH AJaNTUBHBIA UMMYHUTET. CIHIIKOM
ca0bIil MM CIIMIIKOM CWJIBHBIA MMMYHHBIA OTBET MPUBOAUT K CEPHE3HBIM 3a00JIEBAHUSIM:
HarnpuMep, UMMYHOJICHHUIUT WIH paK; WM, HA00OpOT, ayTOMMMYHHbIE 3a00JIeBaHUS WU
Apyrue TsKeNble BOCIAJIMTEIbHBIE TMPOLECCH, Kak Hampumep, Oone3Hb Kpona (B
MUIIEBAPUTENBbHON cucTeme). JleunTh Takue 0O0JEe3HH OYEHb CIO0XKHO, M YUCHbIE CTPEMSTCS
CO3J1aTh HOBBIE, 3(h(heKTUBHBIE JIEKAPCTBA.

B Hameld naGopatopuu 3THM JIETOM MBI OyZeM paboTaTh C JIMHUSMH HMMYHHBIX
KJIETOK YEeJIOBEKa, a TAKKE MEPBHUYHBIMU KJIETKAMHU M3 KOCTHOTO MO3Ta, YTOOBI M3YYHTh
cneun(UYHOCTh MMMYHHOTO OTBETa Ha 4Yy)XEpOoAHble Teiaa. Mbl OylaeM H3MepsTh Kak
UMMYHHBIE KJIETKM aKTUBUPYIOTCSI B OTBET Ha CHEHU(PHUUECKUE CTUMYJBI, TO €CTh
qyKEepOIHBIE TeJa, UCTIONb3Ys TIour(epasHblil penopTep U U3Mepsis CeKPELUIo IIMTOKUHOB.

Bo BTOpOH MOJOBUHE HIKOJIBI MBI COCPEAOTOYMMCS HAa YT UMMYHHOW aKTHUBALUU
yepe3 6er1ok CARDY. D1oT Genok o4eHb BaxKeH JIi MMMYHHOTO OTBETa, HO elle Oosee OoH
UHTEPECEH TEM, YTO CYIIECTBYIOT pasinyHble BapuanTtel CARD9. HekoTopele BapuaHTbI
NPUBOAAT K OoJiee BBHICOKOH BEPOSITHOCTH MMMYHHBIX 3aboneBanuil (6osne3nr Kpona), HO
KpOME TOTrO, Mbl OOHAapYXHJIU OIMH BapHaHT, KOTOPBIA MOJHOCTHIO 3alUINACT OT STOU
0071€3HU. DTO 3HAYMUT, UTO JIFOAU ¢ 3TUM BapraHnToM reHa CARD9 nmoaHOCThIO 3aIIUIIEHBI OT
6one3nn KpoHa ¥ HEKOTOPBIX IPYTHMX HIMMYHHBIX OOJI€3HEH.

Y Hac ecTb TPEANOJIOKEHUE-THIOTe3a Ha OCHOBAHWMU HAIIMX IPEAbIIyIIUX
WCCIIeIOBAaHUM, KaKkue TeHbl U OelkH, KoTopble B3auMoneicTByioT ¢ CARD9, moryT ObITh
OTBETCTBEHHBI 32 3TOT 3aIIUTHBIN 3¢¢exT. Bo Bpems Hamero mpoekra 3THM JIETOM MbI
U3y4UM BCE€ TEHBI M3 TPEAINOJIAraeéMOro CIHCKAa W WX BIUSHUE Ha MUMMYHHBIE MyTH. MBI
CMOEM MOATBEPAUTH WIH ONPOBEPTHYTH, ACUCTBUTEIBHO JTU UMEHHO TH T'€HBI BaKHBI JJIS
nepenaun curHaioB CARDY9 u aktuBauMM HMMMYHHOM CHCTEMBI, M MOYKHO JIU OHH
UCTOJIB30BaTh 3Ty WHGPOpPMALHUIO AN pa3pabOTKU JieKapcTB HpoTuB Oone3nu Kpona u
JIPYTUX UMMYHHBIX 3200JI€BaHHA.

YroObl BCe 3TO MPOBEPHUTH, MBI Oy/1eM MO OJAHOMY 'BBIKIIIOUATh' 3TU T'€HbI B UMMYHHBIX
KJIETKaX M MPOBEPATh UMMYHHYIO aKTHBAIMIO U €€ MEXaHU3M B KJIETKaX C BBIKIIOYCHHBIMU
reHamu. Bo BpeMsi 3TOro mpoeKTa, CTyA€HThl IPUTOTOBAT CBOM COOCTBEHHbIE KOHCTPYKIIMU
mis PHK-unTepdepennmu ('BHIKIIOUCHHS') CHEMUPUUYECKHX T'eHOB, OyayT paboTaTh C
KyJIbTypaMH KJIETOK, CAETAaI0T TPaHC(EKIIMU, U3MEPST BBDKHUBAEMOCTb U aKTHBHOCTH KJIETOK
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UCTIONB3Ys JIIOMUHECLEHTHBIM penopTep U y3HAIOT TaKHe METObl IMMYHHOW OMOJIOTHH, KaK
Hanpumep ELISA (ummyHHOMepMeHTHBIN ananu3). Hama menp — ¢ MOMOIIBIO 3THX
SKCIIEPUMEHTOB JIy4YIlle OHATh U W3YYUTh HOBBIE MEXaHU3MBbl B OMOJIOTUU YEJIOBEKA, UYTO B
OyayIieM IMOMOXET CO37aTh HOBbIE METOJAbI U JIeKapcTBa uis OOpbObl ¢ MMMYHHBIMH U
PaKoBBIMH 3a00JICBAaHHUSIMU.

In our lab, we will focus on studying mechanisms of innate immunity. Innate immunity
is the first and fastest line of defense of an organism against foreign pathogens (bacteria,
viruses, toxins), and it also works to eradicate cancer cells and activate adaptive immunity.
Too much or too little immune response results in human disease, for example, immune
deficiency or cancer; or, on the opposite, auto-immune disease or other pro-inflammatory
diseases such as Crohn’s Disease, a condition of the gastrointestinal system. For all these
conditions, scientists are still searching to create better, effective and specific treatments.

We will work with human cell lines as well as primary bone marrow-derived cells to
investigate the specificity of immune response to foreign agents, and we will measure how
immune cells are activated in response to specific stimuli (by luciferase reporter and cytokine
secretion). We will then focus on a specific pathway of their activation — via CARD9 protein
pathway.

Why CARD9 pathway? In our previous work we found that different variants of
CARD9 gene may lead to higher susceptibility or a complete protection against pro-
inflammatory disease (Crohn’s Disease) — meaning that people with a certain variant of
CARD? gene are protected from ever getting Crohn’s Disease. We hypothesized which genes
and proteins that interact with CARD9 may be responsible for this protection. This summer
we will work to confirm or refute whether these genes participate in CARD9 signaling and
immune activation, and whether it will be possible to use this information to develop
therapeutics against Crohn’s Disease and other immune diseases.

To do this, we will ‘knock down’ these genes one by one in immune cells and test
immune activation in these engineered cells. Students will prepare their own RNA
interference constructs for specific genes, will work with cell culture, transfect cells and
measure viability, work with a luminescence-based reporter and learn immune biology
techniques such as cytokine ELISA (enzyme-linked immune adsorbent assay). With these
experiments, we aim to discover new human biology that will inform future immune and
cancer drug development.
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JlabopaTopusi OHKOJIOTUH
PykoBonurens: Anapeit [lapxutbko

Laboratory of oncology
Head of laboratory: Andrey Parhitko

Pak — ogna u3 Hambojee 4acThIX MPUYUH CMEPTH MO JaHHbIM BO3, mpuBoxsmias
€KEerofHo K 8.2 MWuIMOHaM cMmepred 1o BceMy Mupy. OINyXoiu XapakTepHU3ylTcs
HapylIeHHEeM KJICTOYHOH mposiudepanuu (KIETOYHOrO JENCHHs) U OJHUM U3 BaXXHEHUIIMX
MOMEHTOB B Pa3BUTHH OIIyXOJIU SIBISETCSI MHAKTUBALMSI CYIIIPECCOPOB OIyXOJIEBOI'O POCTA.
OnyxosieBble CyNNpPeccOopbl — TEHbI, MPOAYKTHl KOTOPBIX HETaTUBHO pPETYIHPYIOT
KJICTOYHYIO MpOJiu(epanuio 1 OrpaHMYUBAIOT KJICTOYHBIM POCT, B TO BpeMsl Kak MyTaluu
WIM WVHAKTUBALUS  OIYXOJEBBIX CYNIPECCOPOB MPHUBOAAT K HEKOHTPOJIHUPYEMOM
nposrepanny omyxoJeBbiX kineTok. Hanbonee yacto MyTalnu BCTPEUAIOTCS B OITYXOJIEBBIX
cymmpeccopax p353, BRCAI, APC, PTEN,andRBI. /[pozogura sBusieTcs KIacCUIECKOM
MOJIENBIO JJI NPOBEACHUSI T€HETUUECKUX CKPUHUIOB (T€HETUYECKUI CKPUHUHI — IO CYTH
MeTOJ nepedopa BBHIKIIOUEHHUs OOJBIIOT0 KOJIMYECTBA TE€HOB MO-OAHOMY JJISl HCCIEIOBAHUS
ux 3¢ deKTa Ha MPU3HAK, KOTOPBIN JIETKO OOHAPYKHUTh, HAIPUMED, CTPYKTYypa Ijlaza B MyXe
WIA KOJIMYECTBO MEPTBBIX KJIETOK B YAIlIKe) JUIs MMOMCKAa I'€HOB, KOTOpBIE CIEeUU(pUIECKU
yOMBaIOT KJIETKM C MHAKTHBALMEH ONpPENeNIeHHOr0 OIyXOJIEBOro CyImpeccopa (B HamieMm
ciiyyae TeHa Rb), HO HE OKa3bIBAIOIIMX BIIMSHUS HAa HOPMAaJbHBIE KIETKH (IIPHHLIUI
“CHHTETHYECKON JIETAIbHOCTH ) T.K., 1) Rb curHanpHelii myTh KOHCEpBAaTUBEH Y /pozogur,
2) y JApo3odus MOXKHO IPOBOAUTH inVivo TEHETHYECKUE B (HapMaKOJIOTUYECKUE CKPUHUHTH,
3) /lposoguner 061an1al0T MEHBIIEH TEHETUIECKONW M30BITOUHOCTHIO (MEHBIIIE BEPOSTHOCTH
TOT0, YTO WHATHBALUSA OJHOIO IeHa KOMIICHCHUPYETCS AaKTUBHOCTHIO OJHM3KOTr0 €My IO
CTpyKType). B Hamiell mpenBapuTenbHON paboTe MbI MPOBENIU TCHETUYECKUNA CKPUHUHT JUIS
MIOUCKAa T'EHOB, KOTOpBIE CEJIEKTHMBHO YyOWBAIOT KIETKHM C WHAKTUBAIMEW OIMYXOJEBOTIO
cymmpecopa Rb u oOHapyxunun ~120 kaHAMOATOB MU JANbHEHIIUX HCCICIOBAHUM.
HHTEpecHO OTMETUTH, YTO HAIM KOJUIETM HE3aBUCUMO IIPOBEIM CKPUHHMHI HA YEIOBEUECKUX
KJIETKaX ¢ MHAKTUBALMEH OIyXO0JIEBOIO CyIIpecopa RBC UCIOIb30BaHUEM AJIIbTEPHATUBHOU
(CRISPR) TexHonoruu u oOHapyXwiau 19 MOTeHIMANbHBIX KaHAMIATOB, U3 KOTOPBIX 7
TECTUPOBAJINCh B HAIIEM CKPUHUHIE M BCE 7 TaKKe OKa3aJuChb IOTEHUUAIbHBIMU
KaHaugaTaMu. Bo Bpemsi Hamiero Kypca CTYACHTHI OyIyT paboTaTh € 4YeJIOBEYECKHMU
KJIETKaMHM, 4TOOBI ITOATBEPAUTH PE3YyJIbTAThl HAIIMX CKPUHUHIOB ¢ KaHAMAATaMu ). KOTOpbIe
BBISIBIJIUCH B 000MX CKPUHUHTAX; 2) KOTOPHIE ObLIHM BBISBICHBI B CKPHHUHTE Ha /[po3oghunax,
HO HE Ha YeJIOBEUYECKHX KJIETKAX M3-3a FTeHETUYECKOM N30BITOYHOCTH (KOTIa ISl €TUHUYHOTO
reHa y /[po3oghun cymecTByeT MHOXXECTBO TOMOJOIOB B YEJIOBEUECKUX KJIETKaX U
MHAKTHBALMS OJHOTO M3 HUX MOXXET OBITh KOMIIEHCHpOBaHA IpyruMu. Bo Bpems kypca
CTYAEHTBl  BbIydyaT OCHOBBI MOJIEKYJSIPHOIO  KJIOHMpoBaHuss M mnpunHuun PHK
UHTEpPEPEHINH, 3aKIOHHPYIOT HMX COOCTBEHHBIE KOHCTPYKTHI JUIS  BBIKJIIOYCHHUS
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OMMPCACIICHHBIX TCHOB, HU3y4YaT OCHOBBLIL pa6OTBI C KICTKaMH MIICKOIIUTAIOIINX U
MPOTECTUPYIOT 3P EKT BBIKIIOUEHUS T€HOB KaHIUAATOB B HOPMAIBHBIX M OITyXOJIEBBIX
(KIETOK ¢ BBIKIIOYEHHBIM OITyXOJIEBBIM CyNIpeccopoM RB), Takke NpOTECTUPYIOT
JOCTYITHOE JIEKapCTBO, HHTUOUpYIOLIee MPOAYKT I'eHa, OOHApYKEHHOT'O B HAIlIeM CKPHUHMHTE.
[lenpro JaHHOTO TPOEKTA SBIISCTCS MEPEHECTH Hallle 3HaHKe, MOJTyYeHHOe Ha /[po3oguiax N
KIIETKaxX MIJICKOIIUTAOIIMX Ha JICUCHUC onyxoneﬁ C HHaKTHBaHHGﬁ OITYyXOJICBOT'O
cynmpeccopa RB y noaei.

Cancer is one of the major causes of death accounting for at least 8.2 million deaths a
year worldwide (World Health Organization). The tumors are characterized by abnormal
proliferation and one of the critical steps in tumor progression is the evading of tumor
suppressor genes. Tumor suppressors are genes that negatively regulate cell proliferation and
limit cell growth, while the mutation or inactivation of the tumor suppressor genes will
promote the abnormal proliferation of tumor cells (Hanahan and Weinberg, 2011). Some
examples of the most commonly mutated tumor suppressor genes are p53, BRCAI, APC,
PTEN, and RBI. Drosophila is an excellent model to perform genetic interaction screens to
identify genes synthetically lethal for Tumor Suppressors (in our case Rb-null) -deficient
cells because 1) the Rb pathway is highly conserved; 2) it is possible to perform large-scale
in vivo RNAi and pharmacological screens; and 3) less genetic redundancy. In our
preliminary studies we performed a genetic screen for the search of genes selectively killing
(synthetically lethal) Rb-deficient cells and identified ~120 candidates for the further studies.
Interestingly, our collaborators independently performed CRISPR-based screen in patient-
derived RB-deficient cells and identified 19 high confident candidates and 7 of these
candidates which were tested in our screen scored as potential candidates. During our course
the students will be working with human cells to confirm the results of our screen for the
candidates: 1. which scored in both screens 2. candidates, which scored in Drosophila screen
but didn’t score in mammalian screen because of genetic redundancy (the situation when
Drosophila gene has multiple orthologues in human genome and suppression of one of them
can be easily compensated by others). The students will have to study the basics of molecular
cloning and principles of RNA interference, prepare their own genetic constructs to target
specific genes, study the basics of working with human cells and test the effect of
downregulation of candidate genes in normal and tumor-like (RB-deficient) cells, try
pharmacological approach using available FDA-approved drugs for the potential candidates
from the screen. Our goal is to transform studies in Drosophila and mammalian cells into
therapeutics which can be used for the treatment of RB-deficient tumors in human beings.
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JlabopaTopusi reHeTHKH AP030P U
U HelPOHAJILHOI0 TPAHCIIOPTA
PykoBoautens: Bnagumup ['enbbhann

Laboratory of Drosophila genetics,
neuronal transport, and specification
Head of laboratory: Vladimir Gelfand

[lenbro mpoekTa sIBJIAETCS NNOHUMAHUE MEXaHW3Ma HEUPOHAIBHOIO TPAHCIOPTa — U B
KJICTOYHBIX KYJbTYpax, U B KUBOTHBIX. HelpoHbI — KIII0YeBOH OOBEKT HEPBHOW CHCTEMBI
KUBOTHBIX, NPUTOM 3TO cCaMble€ IOJISIPU30BaHHbIE KJIETKM Tena. Crenuanu3upoBaHHbIN
TPaHCIOPT B KOHKPETHBIE 30HBI HEPBHOM CHCTEMBI (MEXAY aKCOHAMM U JACHIPUTAMH)
OrPaHU30BaH OYEHb «IIPHULEIBHO» - HEKOTOpbIe OEJIKM OPraHU3yI0T JOCTaBKY TOJIBKO B
AKCOHBI, a IPyTHE «HALCJIICHbD» Ha JACHAPUTHL. Pa3perynupoBka 3TOro TpacrnopTa CBsI3aHa Co
MHOXECTBOM HEHpO/ereHepaTUBHBIX 3a00eBaHii. B kauecTBe «Tpacc» 3TOro TpaHcmopra
BBICTYTalI0T MUKPOTPYOOUKH, a 32 HEMOCPEIECTBEHHBIH MEPEHOC OTBEYAIOT MOTOPHBIE OENKU
u AT®a3pl. CymecTByIOT JBE MOJIENH, MBITAIOMUECS OOBSCHUTH, MOYEMY «IPY3bD» IS
aKCOHAX MCKIIIOUEHBI U3 JIEHAPHUTOB: (1) aKkCOHOBBIE I'Py3bl HANPABISIIOTCS TOYHO B aKCOHBI;
(2) akcOHOBBIE Ipy3bl pacHpeleNAlOTCs CIy4allHO M JIMIIb BIIOCIEICTBUHU YIAIAIOTCS W3
JNEHIPUTOB.

Jlnst Havaia, Mbl B Halleil J1abopaTopuu OCBOMM METO/bl TEHETHKH M KOH(OKAIbHOM
MHUKPOCKOIIMU - HEOOXOJMMBIE ISl OTCIEKHBAHUS TpPAclopra B MHUKPOTPYOOUKax -
UCTOJb3yeM KOH(OKAIbHBIA MHUKPOCKON C BpPALIAIOIIUMCS JUCKOM JJIsi HAOIIOACHUS
JBIKEHUS] MUKPOTPYOOYEK M UX OpraHMU3allii B HEPBHBIX U MHBIX KIeTKax. J{anee Mbl Oyaem
UCCIIEIOBAaTh TPACHOPTUPOBKY OJHOTO U3 TUNHYHBIX AKCOH-CHENU(UYHBIX OENKOB,
cuHanTorarMuHa, medyeHHoro GFP. DkcnepumeHTbl Oyny OCYIIECTBISATHCS Ha OTIENbHBIX
HEHpPOHAJIBHBIX KIJIETKAX, BBLAEICHHBIX W3 MO3ra JApo30(WiI, U TakKe B MOTOPHBIX U
CEHCOPHBIX HEHpOHAaX JHWYMHOK Jpo30Quia. ODTHUM TPOEKTOM MBI IOCTapaeMcs Kak
pa3o0paThCsi B BEPHOCTU OAHOM M3 JIBYX YIMOMSHYTBIX MOJENEi TpaHCIOPTa, TaKk U B IIEJIOM
M3YYUTh TPAHCIIOPT U COPTHUPOBKY HEHMPOHAIBHBIX OEIKOB.

The aim of this laboratory is to understand the mechanism of specific targeting of
cargoes in neurons in culture, and in animals. Neurons are the core components of animal
nervous system. They are the most polarized cells in animal bodies. Transport of specific
cargoes into specific neuronal zones (axons versus dendrites) is highly regulated — some
proteins are transported only to axons, while others are targeted to dendrites. Misregulation of
cargo trafficking is linked to multiple neurodegenerative diseases. Microtubules serve as the
tracks for cargo transport, and microtubule motor proteins are ATPases that transport various
cargoes along microtubule tracks in highly polarized neurons. Two models can explain why
axonal cargoes are excluded from dendrites: (1) axonal cargoes are directly targeted and
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transported into axons; (2) axonal cargoes are transported randomly and later sorted out from
dendrites.

In this laboratory, we will first employ genetic tools and fluorescent confocal
microscopy to apply marks to microtubules and cargoes, and use spinning disk/confocal
microscope to examine how microtubules are moved and organized in the neuronal and non-
neuronal cells. In the second part of the lab we will track the movement along microtubules
of an axonal cargo, Synaptotagmin, tagged with GFP. The experiments will be performed in
cultured single neurons isolated from Drosophila brains, and in motor and sensory neurons in
live Drosophila larvae. These experiments will allow us to distinguish between two current
models, and help us to better understand mechanisms of transport and sorting of neuronal
proteins.
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JlabopaTopusi TPAHCIIO30HOB
PyxoBogurens: Xoce Jlync I'apcua Ilepec

Laboratory of transposons
Head of laboratory: Jose Luis Garcia Perez

[IpuMeyaTbHBIM SIBIICHUEM >KMBOIO MHpa SBIISICTCS HAIMYUE B T'€HOMAax - B T.4. B
yenoBeyeckoM - JIHK-31eMeHTOB, CIOCOOHBIX MEepeMelaThesi B U3 OJHOr0 MecTa reéHoMa B
apyroe. Takue 31eMeHTHl Ha3bIBalOTCA TpaHcrno3oHaMu. CBoell MOOMIBHOCTBIO OHH MOTYT
BBI3BIBATh B T€HOME HOBBIE MyTallu. B Hamieil mabopaTopuu Mbl IpOBEIEM 3KCIIEPHUMEHTHI
10 M3YUYEHUIO U BU3yalM3aluM TOro, kak uMeHHo yuyactku JIHK nepememiarorcs B reHome.
DKcnepuMeHTHI OyIyT MPOBOJUTHCS Ha KYJbTYypE YEIOBEUECKUX KIIETOK C MCHOJIb30BAHUEM
CIELMAIM3UPOBAHHBIX U CaMBbIX COBPEMEHHBIX I'€HETUUYECKUX TexHoJoruil. Cpenu mpodero,
MBI U3y4MM, KaK Ha 4aCTOTY aKTHBALUU TPAHCOIIO30HOB B KJIETKAX BJIMSCT UX OKPYIKCHHUE.

It is remarkable that the human genome contains fragments of DNA (termed
Transposable Elements) that can move from one place to other within our genome. Because
of their mobility, Transposable Elements can generate mutations in genomes. In our
laboratory at the School, we will conduct experiments to understand and visualize how
stretches of DNA can move in our genome, using cultured human cells. Briefly, we will use
genetic assays in cultured cells to visualize and quantify how often a Transposable Element
can move in our genome. Additionally, we will test how the environment affect the frequency
of Transposable Element mobilization.
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Jlaboparopusi Ouopu3nKku
PykoBoaurens: Imutpuit Heunnypenko

Laboratory of biophysics
Head of laboratory: Dmitry Nechipurenko

«®Daktop ¢on Bumnebpanma um aBe cTopoHbl Cuibl». OCIOXHEHHS, BBI3BAHHBIC
dbopMupoBanueM TpoMOOB, — UWHGAPKTBI W HHCYJIBTHI — T[EYAJIbHO W3BECTHBI KakK
JUAMPYIOIIAs IMPUYMHA CMEPTHOCTH M HHBAJUIHOCTH JIIOJEH B Ppa3BUTHIX CTpaHax. 3a
MOCJIEAHUE TOAbl YYEHBIMU IOJTYYEHO MHOXECTBO J0KA3aTEJIbCTB TOTO, YTO BAKHEHIIYIO
poib B (OPMHPOBAHMU HambOOJIee OMACHBIX apTepHAIbHBIX TPOMOOB, OOPa3yIOUIMXCS B
YCIOBHSIX OBICTPOTO MOTOKA KPOBM, MIPAIOT MYJIbTUMEpHl (akTopa ¢oH BumneOpanga —
caMoro KpymHoro Oeyika KpoBoToka. /laHHbIN Oenok yuéHble B IIYTKY Ha3bIBAIOT pHILIApEM
JlkemaeM KpPOBOTOKA 3a €r0 YHUKAJIBbHYIO CIIOCOOHOCTH HCIIOJIb30BaTh CHIYy TEUEHHUS IS
M3MEHEHHMS CBOEW NPOCTPAHCTBEHHONW KOH(UIypaluu U MOCIEAYIOMEeH OCTaHOBKU
kpoBoreyeHus. Ilo Bcedl BMAMMOCTH, IIEpEXO] 3TOro MHUKpockonudeckoro Jlxenas Ha
TEMHYI0 CTOpOHY CHIIBI B YCIOBHUSX 3KCTPEMAlbHBIX TEUEHUH 3a4acTyl0 NPUBOAMT K
(dbopmMHpOBaHKIO TPOMOOB, MPEJICTABIISIONINX CEPHE3HYI0 YTPO3y s )Ku3HU. Llenbio Hamiero
HAy4HOT'O IPOEKTA SABJIAETCSA W3YUYEHHME BIMSHMS Pa3IMYHbIX IapaMETPOB IOTOKa KPOBHM Ha
CTPYKTYpY MyIbTHMEpOB (axTopa BuneOpanna. J{i1st AOCTHXKEHHS TIOCTABICHHON LEIH MbI
OyZeM  HCIOJIb30BaTh  METOJbl  KOMIIBIOTEPHOTO  MOJEIMPOBAaHUS, pa3zHOOOpa3HbIE
9KCIIEPUMEHTAJIbHBIE [aHHbIE, @ TaKXe pecypchl YIOAJIEHHBIX CYNEPKOMIBIOTEPOB JUIS
YCKOpPEHUS BBIUYNCIICHU.

«Von Willebrand factor and two sides of the Force». Formation of thrombus within the
blood vessel is a major cause of life threating conditions like ischemic stroke and myocardial
infarction. Despite enormous scientific effort, thrombosis-associated complications remain
the leading cause of mortality and morbidity in developed countries. Recent studies revealed
an important role of von Willebrand factor in formation of the most dangerous artherial
thrombus. This huge multimeric protein represent the biggest molecule of human blood and
was recently nicknamed “the Jedi knight of the bloodstream™ for its unique ability to use the
force of the blood flow to stop bleeding. It looks like this microscopic Jedi knight might also
join the dark side of the Force under extreme flow conditions and support the formation of
deadly thrombus. The basic goal of our research project is analysis of conformational
dynamics of von Willebrand factor in different flow conditions for better understanding of
the processes driving the formation of pathological thrombus. In order to achieve this goal we
plan to exploit computational modeling approaches along with various experimental data and
supercomputer-aided calculations.
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JlaGopaTopus
O0MOJIOTMH pPa3BUTHS
PykoBonurenu:
Kpucrtuna Ilyxanec
u bepra Asicunbs

Laboratory

of developmental biology
Heads of laboratory:
Cristina Pujades

and Berta Alsina

Kak BosnukaioT orpanbl? OfHa U3 3araJok *XH3HH — KaK U3 €IWHCTBEHHOH KIETKH,
3UTOTHI, TTO XO/Iy SIMOPHOTeHe3a BO3HUKAIOT CTOJIBKO pa3Hble TUIBI KJIETOK M IIEJIbIe OPTaHBbl.
Mpbl yXe TOHHUMAaeM, 4YTO KIETKH JudQepeHIupyoT Oiarogaps aKTHUBALUU ONPEAETIEHHBIX
T'CHOB, @ OpraHbl BO3HUKAIOT MpU cOOpKEe KIETOK B ciokHble 3D-ctpykrypbl. Ho kak 3tu
MPOIIECChl 3alyCKalOTCsl W KOHTPOJHMPYIOTCS BO BpEeMEHM W B mpocTtpaHcTBe? Hamm
WCCIICZIOBAaHMS TOCBSILEHBl (YHIAMEHTAIBHBIM BOMpocaM (OPMHPOBAHUS OPraHOB U
U3YyYEHHUs] PEryJsUH COOTB. T€HOB, KIETOYHOM IUIACTUYHOCTH, IUTIOPOMOTEHIINH,
KJICTOYHOTO MOBeJeHH. ECTh OCHOBaHMS CUMTATh, YTO pa3raJlki 3TUX BOIPOCOB 3aNpPATAHBI
B JIBYX HEMpO-CTPYKTypax: TaK Ha3blBaeMblil 3aaHuil Mo3r (dacte [IHC), u BHyTpeHHEE yXO
(cencopHblii opran). Mbl HUCHONBb3yeM B KadecTBE MOJEIBHOTO OpraHu3Ma 3MOpPHUOHBI
XOpoIIo M3y4eHHOU zebrafish — T.K. 3TO MO3BONAT coyeTaTh HAOIIOIEHUS MHKPOCKOIMUU
BBICOKOT'O Pa3pelICHUsI C MOIIHBIMUA HHCTPYMEHTAMU IT'€HETUYECKIX MAHUITYJISIIHA.

Ham nepBsiii mpoekT: posib Lmx1b B pa3BUTHUU BOJTOCKOBBIX KJIETOK BHYTPEHHEIO yXxa

U PEryJisiiusi 3TOro Impoliecca curHaidbHbIM kKackajnom FGF. BuyTpennee yxo - oauH u3
CaMbIX «HM30LIPEHHBIX» CEHCOPHBIX OPraHOB B I'OJIOBE YEJIOBEKA, OTBEYAIOIIMH 3a CIyX U
MPOCTPAHCTBEHHBINH OanaHc. J[MCYHKIMA BHYTPEHHETO yXa BbI3BIBAET T'OJOBOKPY)KEHUS U
naxe rmyxory. CeHcopHast nH(GOpMAIMs B 3TOM OpraHe cOOMpaeTcsi CHEIUAIbHBIMHU - TaK
Ha3bIBAEMBIMU «BOJIOCKOBBIMUY» - KieTKaMu. ['eH Lmx1b, sBnstomumiics TpaHKPUIIITUOHHBIM
(akTOpoM, BOBIEUYEH B PA3BUTHE BOJOCKOBBIX KJIETOK - YTO MOATBEpXkAaeTcs (PakTom
po0JIeM CO CIIYXOM Y MBIIIEH ¢ MyTallsIMU B 3TOM reHe. B HaiieM npoekTe Mbl HCHIOIb3yeM
MOJICKYJISIPHO-OMOJIOTMYECKHE METOJbl JUI CO3JaHUs HECKOJNBKUX JIMHHM TPaHCTCHHBIX
zebrafish ¢ pasnmuuHBIMEH peryiATOpPHBIMU 3JEMEHTaMHM JIoKyca TeHa Lmxlb — uyto
COOCTBEHHO M MO3BOJIUT U3YUYHUTh €TI0 PEeryisiuio. Takxke, Mbl IPOAHATU3UPYEM IKCIPECCHIO
Lmx1b B nuHHIX ¢ MyTanusMu B CUTHaJIbHBIM Kackaae FGF3 u B TpaHreHHBIX JTHUHHUAX C
oBepakTHBHpoBaHHBIM FGF3 — niist n3ydenust Toro, Kak 3TOT Kackaj BIMAET HA SKCIPECCHIO
Lmx1b. Hakonen, Mbl BU3yalbHO NpPOAHATU3UPYEM IPOCTPAHCTBEHHYIO 3SKCIIPECCHUIO
Lmx1b, ucnonb3ys KOHPOKaIbHYIO0 MUKPOCKOIIHIO.
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Bropoii npoekT: peryisius Helporenesa B 3aJIHEM MO3re SMOpPHOHOB. POMOOBHTHBIIH
MO3T, OH JK€ 3aJIHUH MO3T - TPeThs U camasl TIyOOKO pacrlojoKeHHas MOoJoCTh Mo3ra. B

nporecce AMOpPHOTreHe3a ITOT OpraH CerMEHTHPYETCsl Ha MeTaMmephl (Take Ha3blBaeMble
«pombomepamu», rhombomeres), KOTOpbIE B3aMMOJCHCTBYIOT uepe3 HUHTepdeich u3
CTELMANBHBIX KJIETOK, MOMYJIALHNs KOTOPIX MOody4ynia Ha3BaHue rhombomeric boundary cell
population (rBCP). Uto u3BecTHO 0 HEil Ha JaHHBIA MOMEHT: (i) 3Ta MOIMYJISIIHS KJICTOK HE
3aJieificTBOBaHa B paHHEM HelporeHese, (ii) oHa BBICTYIAET B KAYECTBE CUTHAIBHOTO IICHTPA,
(i) oHa Qopmupyercsi 3a CUET MOMYJALMOHHO-cHenuduyeckor mponudepannu KIeToK.
OtTrankuBasicb OT OSTHUX HaONMIOAEHUH M BOOpYXachb CaMbIMH  COBPEMEHHBIMHU
HKKCIIEPUMEHTAJIBHBIMI METOJMKAMH, MBIl CTaBMM LEJIbIO HAIIEr0 IMPOEKTa H3y4uTh (Ha
zebrafish) nponmudepanuio u moBereHue kietok, cocrtaBmsonmx rBCP. Konkpernsie
BOMPOCHI, KOTOPHIM MBI yJEIUM BHUMaHHE B TMpoekTe: (1) KaKk HMMEHHO pasiIHyYHbIC
CUTHAJIbHBIE IIyTH, CBA3aHHBIE C TOMEOCTA30M KJIETOK-TIpeIIeCTBEeHHUKOB (Harnpumep, Notch
u Hippo), B3aumoeiictByroT B rBCP u (ii) kakoBa cBsI3b MEXIYy IpoIiecCOM Tponudepanun
KJIETOK ¥ CKOPOCTBIO MU (HEPEHIIUPOBKY, IPH Pa3BUTHU 33JHETO MO3Ta.

Haxonen, TpeTuil Haml DPOEKT: KIOHAIBHBIC B3aMOJCHCTBUA U TOBEACHUE

HEUPOHAIBbHBIX KJIETOK-MIPEAICCTBEHHUKOB B 3aJIHEM MO3re. 3aJHUA MO3T COJEPKHUT

MHOYECTBO PA3JIUYHBIX KJIETOK W KIETOK-IPEAIICCTBEHHUKOB. MBI XOTHUM pa3o0paThCs B
TOM, KaK KJIETOYHOE TIOBEJICHUE CBSA3aHO C TUMHU3AIMEN KIETOK-IPEAIIECTBEHHUKOB. [t 310
HeoOxouMo (1) pa3oOpaThCs, YTO TaKOE «TUI I U3ydaeMbIX KIETOK U (ii) pazoOparbes,
KaKoOBa «JIMHUS» ISl NaHHBIX KJieTok. [lo ompeneneHuio, «IMHUEH» A KIETOK SBISETCS
MOCJIeI0BATEIbHOCTD JCICHHM, BeIylias K KJIETKaM JJaHHOTO TUIIA - M CYIIECTBYIOT pa3HbIe
COCcoOBI MOMy4eHus: UH(pOpMAIMK O JIMHUAX KJIETOK. B Hamem uccienoBaHuM Mbl Oyniem
U3ydaTh CIEIHUATbHYI0O TpPAaCHT€HHYIO pPa3HOBUIAHOCTh pBIO, Ha3biBaeMylo Zebrabow.
WNuutuupyst peKOMOWHAITMOHHBIE COOBITHSL B KIIETKAaX 3TUX PbIO, MBI OyJeM OTCIICKHUBATh
oOpasyrommecss KOMOMHAIIMKM T€HOB — T.K. K&KIBIH M3 HHUX JOMOJHEH (IIyopecleHTHON
MeTKO#M kakoro-to ceTsmierocs 6enka (GFP, FRP unu YFP). PexomOuHanms mpoucxoaut
CllydaifHO, «pacKpalnBash pei0y B pa3HbIE IIBETA - OTCIO/Ia U Ha3BaHUE ATOM pPa3HOBHIHOCTH
pbI0 (Zebrabow - mo aHamorum ¢ Xopomo u3BecTHbIMU Zebrafish m or cioBa rainbow,
panyra). B nanpheiimem, pekoMOMHAIMKM HEOOpAaTUMBI — W BO3HHUKIIUN B MPEIKOBBIX
KJIETKaX [BET COXpaHSETCsA B KIETKAaX-MOTOMKAaX, U Ha 3MOPHOHAIBHON, M Ha JIMYMHOYHOU
craguu. MTHUIMpPYS peKOMOMHALIMIO B pbIOax, Mbl Oy/eT HaOII0AaTh 32 HUMH Ha Pa3TUYHBIX
CTagusIX pPAa3BUTHA, BOOYMIO B KOH(OKAILHOM MHKPOCKOIE OTCICKHBAs, IO I[BETaM,
pacripesielieHue pa3IMYHbIX KJIETOYHBIX JIMHUM 3aJHET0 Mo3ra W H3y4das KJIETOYHOE
MOBEJICHHE.

How organs are built? One of the mysteries of life is how from a single cell, the zygote,
all the different organs and cell types are originated during embryogenesis. We are aware that
a cell is different to another because activates different genes and that to generate an organ
different cells have to ensemble in complex 3D structures. But how is this achieved and
coordinated during time and space? Our team will deal with fundamental questions regarding
how organs are generated by studying gene regulation, cell identity, pluripotency and cell
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behavior. These general questions will be tackled in two neural structures, the hindbrain from
the CNS and the inner ear, a sensory organ. We use zebrafish embryos as model system
because it allows to combine high-resolution in vivo imaging with the power of genetics.

Our first project: Role of Lmx1b in the Hair Cell development of the inner ear and its
regulation by FGF signaling pathway. The inner ear is one of the most sophisticated sensory
organs of our head, responsible for the senses of hearing and balance. Disfunction of the
inner ear results in deafness or vertigo. Sensory information is captured by specialized cells,
the Hair Cells (mechanosensory cells) and Supporting Cells present in precise locations in the
inner ear. Lmx1b, a transcription factor, is a gene involved in Hair Cell development and the
mouse mutant for this gene results in hearing problems. We will use molecular biology tools

to generate several transgenic zebrafish lines with regulatory elements of Lmx1b locus to
study how this gene is regulated. We will also analyse the expression of Lmx1b in mutant
fishes of FGF3 and in transgenic fishes that overactivate FGF3 to investigate how this
pathway might regulate Lmx1b expression. Finally, we will image by confocal microscopy
the expression of Lmx1b in 3D using a reporter line.

The second project: Neurogenesis regulation in the embryonic posterior brain-
Instructors Adria Voltes and Cristina Pujades. The rombencephalon or hindbrain is the third
and posterior-most vesicle of the brain. During embryogenesis, the hindbrain is transiently

segmented into metameres known as thombomeres. At rhombomeric interfaces a particular
cell population is specified, the so-called rhombomeric boundary cell population (rBCP). So
far, few things are known about the rBCP: 1) it does not engage into early neurogenesis as the
rest of hindbrain progenitors do, ii) it acts as a signalling centre that contributes to hindbrain
patterning, and iii) it has population-specific proliferative properties. Bearing this in mind,
and taking full advantage of the experimental toolkit available for zebrafish, the aim of this
project is to study the interplay between cell fate decisions and cell behaviour in the rBCP.
We will address the following questions: i) how do different signalling pathways relevant for
progenitor homeostasis (Notch and Hippo pathway) interact in the rBCP? And ii) what is the
relationship between proliferative behavior and differentiation rate in the developing
hindbrain?

The third project: clonal relationships and cell behavior of neuronal progenitors in the
hindbrain. The hindbrain is composed of many different cell/ progenitor types. We want to
understand how cell behavior relates to cell/ progenitor identity. For this it is essential a) to
know what is the identity of a given cell and b) what is the lineage of that cell. By definition

the lineage of a cell is the sequence of division that have led to this cell and there are different
ways to generate knowledge about cell lineage. We will be taking advantage of a transgenic
fish line called “Zebrabow”. Treatment of Zebrabow embryos leads to recombination events
in a subset of cells and as a consequence yields a combinatorial expression of spectrally
distinct fluorescent proteins (RFP, YFP and CFP). As the recombination events are random,
many different colors can be found in the fish, hence the name “Zebrabow” from rainbow.
Further recombination is irreversible and colors are inherited equally among daughter cells
and remain stable throughout embryonic and larval stages. We will treat Zebrabow embryos,
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image them at different time points in development in the confocal microscope and
reconstruct the lineages of hindbrain cells to understand better cell behavior of different
progenitor populations.

ComnpoBoaurenbHblii MaTepuan / Supplementary materials
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multispectral cell labeling for cell tracing and lineage analysis in zebrafish.

A) Cre-pexombunanus caiitoB Lox B kaccere zebrabow. B.) B reHome npucyctyet
HECKOJbKO  komuil  kaccer.  KomOumHamusi ~ pekOMOWMHAIIMOHHBIX  COOBITHI
NpeJOoIpeaeisieT YHUKANbHbIM 1BeT KieTok. G) OMOpuon zebrabow wepe3 20 uacos
nocne ¢peprunuzanuu. F) L[BeToBoi npoduiib KIETOK CeTYaTKH.

Modified from: Pan et al. Development, 2013. Zebrabow: multispectral cell labeling for cell
tracing and lineage analysis in zebrafish.

A) Cre mediated recombination at Lox sites within the zebrabow cassette. B.) Several copies
of the zebrabow cassette are present in the genome. The combination of recombinations
determines the “unique” color of the cell. G) Zebrabow embryo 20 hours past fertilization. F)
Color profile of cells of the retina (left) shown in HSB (Hue Saturation (Brightness)) color
space.
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JlaGopaTopusi pauMoOHAJBLHOIO 1U3aiiHa
JIEKAPCTBEHHBIX MPENnapaToB
Pykxosonurens: I1€Tp Biacos

Laboratory of Rational Drug Design
Head of laboratory: Peter Vlasov

I'maBHast 1enp MpoeKTa — JaTh YYacTHUKAaM IMPEJCTAaBICHHE O COBPEMEHHBIX
TEOPETUYECKHX METOAax pa3pabOTKH  JICKApCTBEHHBIX MpENaparoB, Ha MpUMeEpe
NpeJCKa3aHusl MEPCIEKTUBHBIX JIMTAaHIOB JUIl aKTYyaJbHbIX, TEPAaleBTUUYECKH Ba)KHBIX
OenxoB-MurieHeil. OOpa3oBarenbHash COCTABIAIONIAs TPOEKTAa BKIIOYACT OOCYXKAECHUE
pa3zHOOOpa3HBIX TeM OHOJIOTUU M OMOMEIHMIIMHBL: YCTPOUCTBO U (DYHKIIMOHHUPOBAHUE OEIIKOB,
IpeJCcKa3aHue WX CTPYKTYp M (yHKIMHA / (U3MKa B3aUMOJCHCTBUI OENKOB C JIMTaHIAMH,
MO/JICIIMPOBAaHUE TAKOBBIX MPOLIECCOB / HEKOTOPBIE «TOPSTYUE TEMbD» Ha CTHIKE MOJIEKYJISIpHON
Oouonorun u Ouomenuuuuel (RNA-unTepdepeHus, MexaHu3Mbl pabOThl HMMYHHOMR
CHCTEMBI, 1IeJIeBasi JOCTaBKa JeKapcTB U mp.). HayuHas cocraBisromas MmpoeKTa BKIIOYAET
M3yYeHHUE U HCIIOJIb30BAaHHE COBPEMEHHBIX METO/I0B MOJAEIHPOBAHUS OEIKOBBIX CTPYKTYpP U
OeJOK-TMraHIHBIX B3aUMOJICHCTBUH, C IPUMEHEHHEM aKTyalIbHBIX OMOJIOTHYECKUX PECYPCOB
[0 TeHaM, OellkaM, HU3KOMOJICKYJISIPHBIM COCTMHEHUSM, JIEKapCTBEHHBIM IIpernaparaM M Ip.
B »TOM romy MBI XOTUM H3Y4YHTb MOJICKYJSPHBIM MEXaHU3M JCUCTBHUS HAIIyMEBILIErO
npernapara MeJbJIOHUYM, CTaBIIETO MPUYMHONM MHOMKECTBA T'POMKHX JIOTIMHT-CKaHIAJOB.
Taxke HamMu OyAyT PacCMOTPEHBI HOBBIE IMEPCIEKTHBHBIC OCNKH-MUIIEHU AaHTHPAKOBOMH
Teparuy, ¥ IPOU3BEACHBI MPEACKA3aHUs MTOTCHIUAIBHBIX HHTHOUTOPOB 11 3THX OenkoB. U
KaK TpaJWIMOHHO CJIy4aeTcss B Hamell J1abopaTopuy, HOBBIE HHTEPECHbIC 3alaud U
KOHKpPETHBIE OEJIKOBBIC MUIIIEHU MOTYT MOSIBUTHCS «IMHAMHUYECKU», TI0 X0y MPOEKTA.

The main goal of our project is to give our students an overview of modern rational
drug design and computational approaches to drug discovery. Our students will use
corresponding tools and methods in order to search for potential ligands for therapeutically
promising protein targets. The educational process will include theoretical lectures: general
principles of protein structural organization and diversity of protein structures and functions /
prediction of protein structures and functional properties / physics of protein-ligand
interactions and modelling it / some “hot” topics on the boundary of molecular biology and
biomedicine (RNA interference, molecular mechanisms in immune system, drug targeting,
etc.). The skills students will get in the project: experience in a modern professional software
for modeling protein structures and protein-ligand interactions using various actual science
resources and databases (on genes, proteins, small molecules, drugs and others). This year we
want to investigate the molecular mechanisms of action for the infamous pharmaceutical
meldonium that was the reason for many juicy scandals in sports. Additionally, we are going
to analyze new perspective cancer-related protein targets and to perform prediction of
potential inhibitors for them. Finally, as is usually the case in our lab, some new tasks and
targets can arise as the work advances of the project process.
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