degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPXKJAEHO
JupexTop HHCTUTYTA HAHO-, 0KO-,
HH(POPMALMOHHBIX, KOTHUTHBHBIX
U COLMOTYMAHUTAPHBIX HAYK U
TeXHOJIOTUH

T.E. I'puropses

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

MO0 AMCIHUIIHHE: Merabonuueckas HH)KEHEPHs U TCHOMHOE PeIaKTHPOBaHHE

10 HAMPABJIEHUIO: [MpuknagHpie MaTemMaTHKa U Qpu3nka

npo¢uIb NOArOTOBKH: [TpuponomnogoOHbIe TEXHOIOTHH 1 OHOMUMETHYECKHI TU3aifH MaTepraioB U CUCTEM
®dusrex-1IKoia MPUPOAOTON00HbIX, IIa3MEHHBIX U SICPHBIX TeXHONorui nM. 1.B.
Kypuarosa
kadenpa HaHO-, OMO0-, HTHPOPMAITMOHHBIX Y KOTHUTUBHBIX TEXHOJIOTUH

Kypc: 1

KBaJIMpUKALUS: MarucTp

CemecTp, (hopMbI MPOMEKYTOUHOM arTecTanuu: 2 (BECCHHHI) - 3aueT

AynuropHbIx 4acoB: 30 Bcero, B TOM YHCIIE:
nexuuu: 30 gac.
cemuHapsl: 0 yac.
nabopatopusie 3ansaTus: 0 gac.

CamocrosrensHas padora: 60 gac.

Bcero gacos: 90, Bcero 3a4. ef.: 2

[Iporpammy cocraBui: O.B. bepesuna, kaHj. OMOJI. HayK, TOIEHT

[Iporpamma obcyxieHa Ha 3acefjanuy Kadeapsl HaHO-, OMO-, THPOPMAITMOHHBIX ¥ KOTHUTHBHBIX TEXHOIOTHN
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AHHOTANMA

Merabonuueckasi MHXKCHEpUsT — IICJICHANPABICHHOS HW3MEHEHHE MeTa0ONMYeCKHX MyTed OpraHmsMa |
nepepacnpeeseHie KICTOYHBIX AaKTHBHOCTEH IyTeM NepecTpONKH 3H3MMAaTHYECKHX, TPAHCIOPTHBIX U
PEryIATOpHBIX (YHKIHMHA KIETKH 4Yepe3 Hcroib3oBaHue pexoMmOmHaHTHRIX JIHK m nmpyrux Ttexnomorwuid.
Merabonuueckasl HH)XEHEPHs Ha NPAKTUKE IMOAPa3yMeBaeT ONTUMH3ALNI0 TeHETUUECKUX U PETYISATOPHBIX
MPOILIECCOB BHYTPU KIJIETKH C IIEJIBI0 YBEIHYCHHUS MPOMYKIIMU ONPENEICHHBIX COSIUHEHUH. DTH MPOLECCHI
HPEACTABISAIOT COO0 KOMIIEKC OCYHIECTBIAEMBIX (epMEHTaMH OHOXMMHUYECKUX peaKkIMi, KOTOpBIH
MO3BOJISIET KJIETKaM KOHBEPTHPOBATh BEIIECTBA — MCTOYHUKH MMUTAHUS B COCIMHEHHS, HEOOXOMUMBIC IS MX
KHU3HEACATEIBHOCTH, W IIeJIeBble TNPOAYKTH. Merabonnueckass HHXKEHEpUS - MyJIbTUANCHMIUIMHApHAS
obnacTe, BKIIOYAromas B cedsd Kak OMOXMMHUYECKHE, TaK W TCHOMHBIC, TPAaHCKPUIITOMHBIC, POTECOMHEIC,
MeTabOJIOMHBIE HCCIIeIOBaHUs, aHanu3 NOoTokoB MetabonmutoB (flux analysis) W apyrue MeETOHONIOTHU
CHCTEeMHOW OHMONOTHMH, HEOOXOmUMBIE IS JOCTIDKCHUS MPAaKTHUYSCKUX MeNed OHOTeXHOJOTMYEeCKHX
MIPOU3BOJICTB.

C mpakTHUYeCKOH TOYKH 3pPCHHUS BaXKHEWITHM HAIpaBJICHUEM HCCIIEOBAHUMN JIJISl Pa3BUTHS METa00IHYeCKON
WH)XEHEpUU  fABIsieTcsT pa3paboTka ¥ NPUMEHEHHE HOBBIX TEHETHMYECKMX  HMHCTPYMEHTOB  JJISt
MaHUIYJIUPOBAaHUS ¢ KieTkamu. braromaps cBoeit mpocrtote, 3(p(YEKTHUBHOCTH M IIUPOKHM BO3MOKHOCTSIM
cucrema CRISPR/Cas mokeT ObITh HCIIONB30BaHA IS PEIAaKTUPOBAHHUSA TEHOMOB MUKPOOPTaHU3MOB C LIEJIbIO
HAlpaBJICHHOTO M3MEHEHHUS UX MeTaboin3Ma U IMOJY4YEeHHUS IITaMMOB C 33JaHHBIMU CBOWCTBaMu. JlaHHBII
MaTepral He MIPETEHAYET Ha MOJHOTY M3JI0KeHus. HekoTopble BOPOCHI B HEM COBCEM HE paccMaTpUBAIOTCA,
JpYyTrue U3JI0KEHBI KOPOTKO U cXxeMaTH4Ho. I1o kax1oMy U3 HampaBieHUH MMeeTcsl, KaK MPaBuiIo, OOIIpHas
CHEUAIN3UPOBAHHAS JINTEPATypPa, CIUCOK KOTOPOH MPUBENEH HUXKE.

1. leau u 3apauu
eap AUCUMNIMHBI

- W3y4YCHHE CTyICHTaMH OCHOB METAa0ONMYECKOW WHXEHEPUH M TEXHOJIOTHHA T'e€HOMHOTO
peIaKTHpOBAHUSI.

3agauu AU CHUILIHHBI

- (hopmupoBaHre 0a30BbIX 3HAHUI O MPUHIUIIAX, METO/IAX U MOJX0/aX METa00INYEeCKON HHKEHEPHUH;

- (¢opmupoBaHue 0a30BBIX 3HAHMH 00 OCHOBHBIX TEXHOJOTHSAX T€HOMHOIO pEIaKTHPOBAHMSA, HX
BO3MOXHOCTSIX ¥ 00J1aCTH NPUMEHEHHSI.

2. Ilepeyens opMupyeMbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPABJICHO Ha (bOpMI/IpOBaHI/Ie [$1($91474:0)11170,€ KOMHGTGHL[I/Iﬁi

Kon 1 HaumMeHOBaHKE KOMIIETEHINH WNnaukaTtopsl AOCTHKEHUS] KOMIIETEHIIN
OIIK-5 CriocoOeH 1 roToB K MOBBILICHUIO OIIK-5.2 Bmageer HaBBIKOM  PYKOBOJCTBA  MajbIM
KBaJTU(UKAIMH, TPOPECCHOHAILHOMY POCTY U |KOJUIGKTUBOM B cdepe cBoedl  mpodecCHOHAIBHOM
PYKOBOZICTBY KOJJIEKTHBOM B cpepe cBoeit JesITeTbHOCTH
PO(ECCHOHAIBHOMN JIESITEILHOCTH, TONCPAHTHO |OTTK-5.3 CTpemMuTcs K TNONY4EHHIO HOBBIX 3HAHMIL,
BOCHPHHHUMAs CONHAIBHBIC, STHUICCKUC, poeCcCHOHATFHOMY M INYHOCTHOMY POCTY

KOH(peCCHOHAIbHBIE U KyJIbTYPHBIE Pa3Indus

[MIK-2.1 Cnoco0eH TuUIaHUpOBaTh ¥ TPOBOJAWTH HaydHBIC

ITK-2 CriocobeH caMOCTOATENLHO UK B HCCIICAOBAaHUA CAMOCTOSATENIBHO HMIM B COCTaBE€ HAy4HOIO
KauecTBe 4jieHa (PyKOBOAUTEINS) MAJIOro KOJUIEKTHBA

KOJICKTHBA OPraHU30BbIBATH U IIPOBOJUTH [IK-2.2 CnocoOeH mnpoBOIUTH ampoOaluio pPe3yabTaToB
HayYHBIE HCCIIENOBAHMUS M UX anpoOaiuio Hay4HO-HCCIIEN0BATEIbCKON paboTHI MOCPEACTBOM

MyOJIMKAIIMK HAYYHBIX CTaTeil U yyacTus B KOH(EPEeHIUIX

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI O JUCHUILINHE (MOLYJII0)
B pesynbrare 0cBOHUS AUCHUIIMHBI 00y4aIOIINeCs JOIKHbBI
3HAThb!



- OCHOBHBIE NPHUHLMIIBI, METOABl U IOAXOAbI, HCIIOJIb3yeMble NPH KOHCTPYHPOBAHUM MHUKPOOHBIX
ITAMMOB-TIPOAYIIEHTOB ()EPMEHTOB U METAOOIUTOB.
- OCHOBHBIE PEaKI1H SHEPreTHIecKoro oOMeHa u OnocuHTe3a y 0aKTepui;
- OCHOBHBIC MHKpOOHBIE IUIAT(GOPMBI, HCHOIb3yeMble JIsi KOHCTPYHPOBAaHHMS PEKOMOMHAHTHBIX
ITaMMOB-TIPOAYLICHTOB;
- OCHOBHBIE TEXHOJIOTHH T€HOMHOTO PEAaKTUPOBAHMUS;
- pynkum, Mexanu3M u obnactb npuMeHeHus cuctembl CRISPR-Cas.
YMETh!

- IPOM3BOIUTH BEIOOP MUKPOOHOH IIAT(GOPMBI I CHHTE3a LIEIEBOTO MIPOAYKTA;

- IPUMEHSTh OCHOBHbIE ITPUHIIUITBI HAPABICHHOW MOAM(UKAIIMN METa0OINYECKUX MyTeH I TOUCKa
ONTHUMAJILHOTO ITyTH CUHTE3a LIEJIEBOTO NMPOIYKTa;

- TpOW3BOAWTH  BHIOOp  TEHHO-MHXKEHEPHOTO  HMHCTPYMEHTAapHs Ul  KOHCTPYMPOBaHMS
HITaMMa-TPOAYLIECHTA;

- 3¢ $EeKTUBHO UCTIOIB30BaTh COBPEMEHHbIE HH(OPMAIIMOHHBIE TEXHOJIIOTHH U PECYPCHI JUIS MOTydeHHS
HE0OXOIMMBIX 3HAHUN 110 MHTEPECYIOLIeH HaydHOU Mpobieme.

BJIAJIETh:
- CIEUMAIbHOM TEPMUHOJOTHEH B obOnacTh MeTabOMM4YeCKOM WHXCHEPHH W T[CHOMHOTO
pelaKTUPOBaHUS;
- TMPEICTABICHUSIMHI O METO/aX TeHHOH MHXEHEPHH, MUKPOOHOIOTHH, ONOXUMHH, OMOMH(OPMATHKH,
UCIOJb3YEMBIX Ul KOHCTPYUPOBAHUS IITAMMOB-IIPOYLIEHTOB;
- IPEICTABIECHUSIMA O CIIOCO0ax MOAN(UKALINH YPOBHS SKCIIPECCUU TEHOB.

4. Conep:xanne TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacoB H BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl nuctMIInHbl (MOYJIS) U TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpymoeMKOCTb 10 BHJAM Y4eOHBIX 3aHATHH, BKITIOYAs
CaMOCTOATENIbHYIO padoTy, Jac.

Ne Tema (pa3znein) AMCUUTUIMHBL
Camocr.

Jlextiun | Cemunapsr | JlaGopat. paGoOTHI pabora

Mertabonnueckas WHKCHEPUSI:
1 BO3MOXXHOCTH, 00JacTH NPUMEHEHHS U 5 10
COBpPEMEHHbIE TEHACHLUH.

Paznoobpasue MeTaboau3Ma
2 MUKpPOOPTaHU3MOB,  HCIIOJIb3YEMBIX B 5 10
OMOTEXHOJIOTHH.

bakrepun, qpoxcKu M TpUOBI — OCHOBHBIE
MUKPOOHBIE 1aTGOpPMbI
MeTa00NINYeCKOH MHKEHEPUH; CTPATETHH
CO3JaHMsI PeKOMOMHAHTHBIX IITAMMOB.

Momudukanus CBONUCTB (EPMEHTOB H
YacTHbIE TPUMEPHI  METa0OIHUECKON
WHXCHEPUU: KOHCTPYHPOBAHHE
ITAMMOB-TIPOAYIIEHTOB (dbepMeHTOB,
BHTAMHHOB, OpPTKUCIOT U  CIHUPTOB,
AMUHOKHCJIOT, OMOTIOJIMMEPOB.

TexHOIOrNM T€HOMHOT'O PCAAKTUPOBAHUA
1 X BO3MOXXHOCTH.

[Tpumepsr TEXHOJIOTUI TEHOMHOIO
pEeIaKTUPOBaHUS OAKTEPHIA.




ITpokxapuoTuyeckue AQHTHUBUPYCHBIC
7 CUCTEMBI CRISP-Cas. Pa3paboTka 3 5
METOJIOB  PEAAKTUPOBAaHUS  I'€HOMOB
6axrepuii ¢ nomouipio CRISPR-Cas.
I'enomuoe penaKkTUpOBaHHE "
8 3 5
6100e3011aCHOCTb.
Wroro yacos 30 60
[loaroroska k sK3aMeHy 0 gac.
OO01mas TpynoEMKOCTh 90 yac., 2 3au.en.

4.2. CopaepxaHue TUCHUILTAHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)
Cemecrtp: 2 (Becennuit)
1. MetaGonudeckas HHXEHEpUS: BOZMOKHOCTH, 00JIaCTH MPUMEHEHHS M COBPEMEHHbIE TCHICHIINY.

Krnerounsie «padpukm» - IPOMBINIICHHOE UCIIOJIB30BAHUE MUKPOOHBIX IITAMMOB JJISl TIPOU3BO/ICTBA
(dbepMeHTOB 1 MeTa0oIMTOB. MeTabonuyeckass WHXEHEPHUs - HHCTPYMEHT ISl TIOY4YeHUs MUKPOOOB
C 3aJaHHBIMU CcBOMcTBaMH. OOJACTH NMPUMEHEHUS M MEPCHEKTUBBI METa0OIMYECKOW WH)KCHEPHHU.
OCHOBHbIC NPUHLUIIBI HANMpaBICHHOW MoauduKanuu MeTaboIMYeCKUX MyTel: CMeINIeHUe
pPaBHOBECHSI U TOBBIIICHUE CKOPOCTH PEaKIuH (HeOoOpaTUMbIE peakiMu, TPAHCIIOPT, CONMPSKCHHBIC
peakuuu, yaeidbHAas aKTUBHOCTh H  CPOJICTBO (epMEHTOB K cyOcTpary); MomuuKaIus
METa0OoINYeCKUX MyTel (TpaHCIIOPT CyOcTpaTa B KIETKY, CHHTE3 PEIIICCTBCHHUKOB, OOKOBBIC ITyTH
CHHTE3a, CHHTE3 KO(aKTOPOB, TPAHCIOPT MPOJYKTa, HEOKOHOMHBIC NMYTH M (PyTHIILHBIC LUKIIBI).
[Mouck numutHpytomeit craguu. [Iouck onTUManbHOTO MyTH CHHTE3a. [IpOTOUHBIE M CTaTHYECKHE
KOHIIEHTpay. MeTaboIOMUKa ¥ TOTOKH.

2. PazHooOpasue MeTabonm3mMa MUKpOOPTaHU3MOB, HCITONB3yEeMbIX B OMOTEXHOJIOTHH.

buoxumuuecknit cocraB xierku. [lmacTudeckuit u sHeprermdyeckuii oOMeH. bamaHc yrmepona,
SHEPTMH W BOCCTAHOBHTEIBHOTO TIOTEHIHANAa. TUIBl OpOXXEHHS W JbIXaHUS y OCHOBHBIX
MNPOMBILIIEHHO-BAKHBIX MUKPOOPTaHU3MOB.

3. bakrepun, IpoX:Ku U rpuObI — OCHOBHBIE MUKPOOHBIE I1aT(OpMbI META00INYECKON HWHKEHEPUH;
CTpaTeruyl Co31aHus PeKOMOMHAHTHBIX ILITAMMOB.

XapakTepucTiKa OCHOBHBIX MUKPOOHBIX MardopM, UX MpeuMyllecTBa U HegocTaTku. [IpuHIumb
MOKCKa U 0TOOPA TeHOB-MHUILICHEH B TeHOME MITaMMa-xo3siuHa. [Ipsamoit otdop: mo npotoTpodHOCTH,
YTHIU3AUUN  Pa3lIWYHBIX HCTOYHUKOB, YCTOHYHMBOCTH K LEJIEBOMY MNPOAYKTY, TOKCHYHBIM
coefMHEeHUsIM wiau aHtumerabonuraM. Cenekumss U KoHTpcenekiusa. KocBeHHbIM oTOOp: 1O
(deHOTHIY, penopTepy, TECTYy Ha aKTUBHOCTh. llonck reHoB o 6a3am JaHHBIX, [0 KOMIUIEMEHTALUN
HEU3BECTHOW MYyTalliu, Ha OCHOBE N-KOHIICBOH TMOCIEIOBATEIBHOCTH OUYMIICHHOTO Oelka, IO
KOHCEpBATUBHOW MOCIENIOBATEIbHOCTH, HA OCHOBE HHCEPLHOHHOIO MyTareHesa, OpoQuiis
TPaHCKpUIILIMM, IPOTEOMa, IyTeM CeKBeHupoBaHMs 1TaMMma. [Iporeomuka. I'eHomuxka.
CoBpemMeHnHble MeToAbl cekBeHUpoBaHus. Tpanckpunrtomuka. RT-PCR. MuTepakromuka. OcHOBHBIE
9TaIbl HAIIPABICHHON MOIU(HKALUK MeTa00IM3Ma MUKPOOPTaHM3MOB: BBIOOD IIEJICBOTO MPOIYKTA,
BBIOOp IITaMMa-X03fMHA W TCHHO-WH)KCHEPHOTO HMHCTPYMEHTapHs, aHalu3 TeHoMa |
«OMUKC»-JITaHHBIX, PAllMOHANBHBIA IU3alH JKCIIEpUMEHTa, MOAU(UKAIMI METa0ONNYECKUX ITyTel,
(depMeHTaTUBHBIN mpolecc. BripamuyBanue NpoayLeHTOB B OMOpeaKkTopax: OCHOBHBIE IOKa3aTellu,
METOJUKH U OCOOCHHOCTH.

4. Monudukanust CBOMCTB (EPMEHTOB M YaCTHBIE NPUMEPHl METa0OIMYECKOW HWHXKECHEPUH:
KOHCTPYHUPOBAHHE IITAMMOB-TIPOAYIIEHTOB ()EPMEHTOB, BHUTAMHHOB, OPIKHCIOT M CIHPTOB,
AMHUHOKHUCIIOT, OMOMOJIMMEPOB.



Monudukamust CBOWCTB (EPMEHTOB: AaKTUBALUS W WHAKTHBAIMA, HM3MEHEHUE CYOCTpaTHOM
crielii(UYHOCTH ONTUMYMOB aKTHBHOCTH M TEPMOCTAOMJIBHOCTH. ['OMOJIOTMYHOE MOJEIUPOBAHUE
NPOCTPAHCTBEHHOW  CTPYKTyphl  (epmenrta. CaiiT-HampaBIeHHBI MyTareHe3 Ha OCHOBE
3D-cTpykTyphl Oenka W BhIpaBHUBaHUA. KoHCTpynpoBaHuWe XHMEpHBIX (GepMeHTOB H IaddiuHT
oubmmorek. KoHcTpynpoBaHHME mITaMMOB ISl MPSMOTO OTOOpa W CKPUHMHTA IO (peHOTHITY.
Hanpasnennas sBomtonust U ceneknust B ¢pepmeHtepe. McemonszoBanue miargopmbl Pichia pastoris
hioiv| reTepOIOTUIHOTO CHHTE3a MIPOMBIIIUICHHBIX (bepMeHTOB. Koncrpyupoanue
ITaMMOB-TIPOAYIIEHTOB prbodnaBuHa Ha ocHoBe Bacillus subtilis. KonctpynpoBanue MUKpPOOHBIX
IITaMMOB-TIPOIYIICHTOB OPraHWYECKHX KHUCIOT M CIUPTOB. MCHONb30BaHHME METOMOB M ITOXO/IOB
MeTabO0IMYeCKON HMH)XEHEpUH Ul pa3pabOTKH IITaMMOB-IIPOAYLIEHTOB aMHHOKUCIOT. Co3naHue
MPOIYLEHTOB BBICOKOMOJICKYJISIPHBIX OMOTIOIMMEPOB.

5. TexHO0I0TUY T€HOMHOTIO PECAAKTUPOBAHUA U UX BO3MOXKXHOCTH.

Hcnionp30BaHNE TEXHOIOTHI T€HOMHOTO PEAaKTUPOBAHUS: JOCTHXKEHUS U NEepCIeKTHBHI. [ eHoMHOe
pEeIaKTHPOBaHWE TMPOKAPUOT M JyKapuoT. CalT-HampaBlICHHBI MyTarcHe3, TOMOJIOTHYHAsS
pexombunarusi, TALENs u ZFN nykneassl s reHHod wmxkenepun dykapuoT. CRISPR-Cas9
cuctema. [eHOMHOE penakTHpOBaHHE B METa0OIMYECKOH WHXeHepuH. Monudukanus ypoBHS
9Kcripeccudl TeHOB. CHI)KEHHE SKCIPECCHN TeHOB: HyJEBBIC U JIMKHU-MYTalllH, AEJIELHH, perpeccus,
AHTUCMBICTIOBOW HOKJayH. [lOBBIIIEHHE HKCIPECCHH TEHOB: IUIa3MUIHAS — aMILTH(UKAIHS,
WHTETPTUBHAS  aMIUIM(UKALKS, 3aMEHa TPOMOTOpa, «IPQPEKT MOJNOKEHHUS, WHAKTUBAIUS
peripeccopa, 3aMeHa caiTa CBS3BIBAHUS PUOOCOM, ONTHMU3AIMS KOJOHOB, PETYJISLHUS HAa YPOBHE
dbepMeHTa U Apyrue YpoBHH Peryisiuu. TemrepaTypodyBCTBUTENbHbBIE U ayKCOTPO(HBIE MYyTAaIUH.
TpaHCKPHUITIIMOHHBI W TPAHCISUOHHBIA (BIOKH KaK MHCTPYMEHTHI OTCICKUBAHUS IKCIIPECCHH.
KoncTuTyTHBHBIE M perynupyemble HpoMOTOpbl. TOKCHYHBIH 3(QGEKT NpH CBEPXIKCHPECCHH.
Meronbl paboOThl C TOKCHYHBIMH T€HAaMH: TOHKHH TIOHMHT IIPOMOTOPOB, IPOMOTOPHI C
HCKYCCTBEHHOI peryssinueil. OnpeneneHne ypoBHS dKcrpeccud pepMeHTa B TpaHC(HOPMUPOBAHHOM
mramme. [logbop oNTUMaNbHBIX YCIOBUE s BHIPAOOTKM ()epMEHTa, METOIbl COXPaHCHHS
TpaHC(HOPMUPOBAHHBIX ITAMMOB.

6. [IpuMepbl TEXHOIOTUI TEHOMHOTO PEaKTUPOBAHHS OaKTEPHIA.

Hcnonp30BaHre MEXaHM3MOB TOMOJIOTHYHON PEKOMOWHAIIMHU Ul HAIPaBICHHOTO PENaKTHPOBAHHUS
reHoMoB. PenakrupoBanue remoma E.coli ¢ momompio cucrembl pekomOumHanuu Lambda Red.
KiroueBbie KOMITOHEHTBI CHCTEMBI pekoMOuMHanmuu Ha ocHoBe Red-cuctemsbl ¢ara Lambda.
[Monyuenne nenennii u wHcepumii B xpomocome E. coli ¢ momompto Red-cuctemsr ¢ara Lambda.
CoBpeMeHHbIE METOIbI T€HETHYECKOTO KOHCTPYHMPOBAHHMS IPOMBIILIICHHBIX HITAMMOB Ha OCHOBE
Oaktepuii pona Bacillus. MeTonsl iepeHoca FreHeTHYIECKOTO Marepuaia B KISTKH Oarut. Bekrops
st Garyut. MeTobl TeHeTHYECKOTO KOHCTPYHPOBAHHS IITAMMOB OariyJLI.

7. Ilpokapuornyeckue antuBupycuole cuctembl CRISP-Cas. PazpaboTka MeTomoB peaakTUpOBaHUs
reHoMoB Oakrepuii ¢ momonibio CRISPR-Cas.

CRISPR-Cas — cucrema ajanTUBHOTO MMMYHHTETa OakTepuii U apxeil. DyHKIUS W MEXaHU3M
pabotsl. Paznoo6pasue u 3Bomouns cucreM CRISPR-Cas. Cnexkrp npumenenuii CRISPR-Cas u ee
Moaudukanuii. PazpaboTka METOOB peakTUpoBaHus reHoMOB Oakrepuii ¢ momonipio CRISPR-Cas
Ha mpumepe Oamwui. Mcnomb3oBanne CRISPR anst xoHCTpyMpoBaHHS HOBBIX META0OIMYECKHX
MyTEeH U OCYIIEeCTBICHHS HAIIPABICHHON 3BOJIOIMN OMOMOIIEKYII.

8. ['enoMHOE peakTHpoBaHue u OO0OE30MACHOCTb.

[pynmbl  omacHOCTM ~ MHUKpPOOpPraHuW3MOB.  Bo3MoOXHBIE — HEONArompusTHbIE  BO3ACHCTBUS
I'M-MUKpOOPraHU3MOB Ha 37I0POBbE HEJIOBEKA, METOABI MX OLEHKH M CHOCOOBI MPEXyNpexIeHHS.
Onenka pucka, 0OyCIOBJICHHOTO BO3MOXXHOCTBIO TOPHU30HTAJIBHOTO MEPEHOCAa MAapKEPHBIX T'€HOB
YCTOWYMBOCTH K AHTUOMOTHMKAM K MHUKPOOPraHM3MaM IHUINEBapUTEIbHOTO TpPaKTa 4YeloBeKa U
XKHUBOTHBIX. PHCKH, CBsI3aHHBIE C BBICBOOOXKIEHHMEM M pactpocTtpaneHueM ['MO B okpyxaromiei
cpene. buonornyeckas 3amuTa. JJOKyMEeHTBI perilaMeHTHpYoIHe 0n006e301acHOCTb.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIECHHNS 00pa30BATEILHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)



yueOHas ayIuTOpHsl, OCHAILEHHAS! KOMITBIOTEPOM U MYJIbTUMEAUHHBIM 000py10BaHHEM (IIPOEKTOP,
3BYKOBasi CHCTEMA).

6.IlepeyeHnb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa

1. OcuoBel 6noxumuu Jlennnmxepa. B 3 tomax. Tom 3 = Lehninger Principles of Biochemistry //1.
Henbcon, M. Koke ; mepeBo ¢ anrnutickoro T. I1. Moconosoii, O. B. EdpemenkoBoii ; mox penakiueit
A. A. bornanosa, C. H. KouetrkoBa%illytu nepeaaun napopmanuu, [yuebnoe nocodue]. Mocksa,
Jlabopatopus 3Hanmit, 2017

2. Muxpo6wuonorus [Tekcr] / M. B. I'eces, JI. A. Muneesa - M.MI'Y, 1985

®onp nuteparypsl Kadeaps

3. Merabonusm Oakrepuii / I. [orTmank ; mep. ¢ auri. M. : Mup, 1982. - 310 c.

4. Systems Biology / E. Klipp, W. Liebermeister, C. Wierling, A. Kowald, H. Lehrach, R. Herwig ;
Wiley-VCH Verlag GmbH & Co. KGaA, 2009.

5. Datsenko KA, Wanner BL. One-step inactivation of chromosomal genes in Escherichia coli K-12
using PCR products. Proc Natl Acad Sci U S A. 2000 Jun 6;97(12):6640-5. doi:
10.1073/pnas.120163297.

6. 3axaraea HII, FOcynosa FOP, Pomanenkos /IB, Jlusmum BA. CoBpeMeHHBIE METOIBI
TeHETUYECKOTO KOHCTPYHPOBaHUS IIPOMBINUICHHBIX IITAMMOB Ha OCHOBe Oaktepuii poaa Bacillus.
buorexnomorus. 2013; 5(8-23)

7. Jinek M, Chylinski K, Fonfara I, Hauer M, Doudna JA, Charpentier E. A programmable
dual-RNA-guided DNA endonuclease in adaptive bacterial immunity. Science. 2012;
337(6096):816-21. doi: 10.1126/science.1225829

8. Doudna JA, Charpentier E. Genome editing. The new frontier of genome engineering with
CRISPR-Cas9. Science. 2014; 346(6213):1258096. doi: 10.1126/science.1258096

JomnonHurensHas aureparypa
®onp auTeparypsl Kadeaps

1.Cong L, Ran FA, Cox D, Lin S, Barretto R, Habib N, Hsu PD, Wu X, Jiang W, Marraffini LA, Zhang
F. Multiplex genome engineering using CRISPR/Cas systems. Science. 2013 Feb
15;339(6121):819-23. doi: 10.1126/science.1231143.

2. Burgess DA. CRISPR genome-editing tool. Nat Rev Genet. 2013; 14, 81.
https://doi.org/10.1038/nrg3409

3.Trevino AE, Zhang F. Genome editing using Cas9 nickases. Methods Enzymol. 2014;546:161-74.
doi: 10.1016/B978-0-12-801185-0.00008-8.

4. ®epmeHTaTUBHBIE TIpoliecchl B OnoTexHonoruu / A.M. Be3zooponos, H.A. 3arycruna, B.O. Ilonos;
Wu-T 6noxumun um. A.H. baxa PAH. — M.: Hayka, 2008. — 335 c.

7. llepedyeHn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

http://ctem.web.cmu.edu/

www.matter.org.uk/tem/
http://www.cmca.uwa.edu.au/access/training
http://www.microscopy.info/Microscopy/Guide
database.iem.ac.ru/mincryst/descript.htm
www.crystallography.net

http://lib.mipt.ru— snexrponnas oubnmoreka dusrexa.
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http://www.Sci-lib.com — bonbiias HaydHas OMOIHOTEKA.

8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLeCTBJICHUH 00Pa30BaTeJIbHOIO
npouecca o JHCHUIIMHe (MOIYJII0), BKJIIOYAs NepedeHb He00X0ANMOro NpOrpaMMHOro odecnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)



Ha nexiMoHHBIX 3aHATHAX UCIIOJIB3YIOTCS MYJIBTHMEIUHHBIC TEXHOJIOTUH, BKIIIOUAs IEMOHCTPALHIO
npe3eHTanuii. B mponecce camocTosTenpHOM pabOThl 00YYarONIMXCsi BO3MOYKHO HCIIOJIB30BAHUE TAKUX
MporpaMMHBIX cpeicTB kak Mathcad, Mathlab mis pemenns puzndeckux 3a1a4 ¥ MOJEIUPOBAHMSI
M3y4aeMBbIX MIPOIIECCOB HAa KOMIIBIOTEPE.

9. MeToauyeckue yKazaHus AJis1 00y4ar0IMXCs 10 OCBOCHUIO U CHUIIMHBI (MOILYJIs1)

Jis  yCcremHoro OCBOGHHMS Kypca, MOMHUMO IIOCEIIEHHUsS JIEKUWH, OT CTyAeHTOB  Tpelyercs
caMmocTosATeNbHas paboTa B 00beMe He MEHee YeM Te 4Yachl, KOTOPbIE yKa3aHbl Ul KaKIOro pasielna
porpaMMbl. B OCHOBHOM, 3TO BpeMs OTBOIUTCS HA CAMOCTOSATENBHOE TOBTOPEHHUE MaTEpHAIIa JIEKIH,
YTEHUSl PEKOMEHIOBAHHOM JIMTEpaTypbl U IOATOTOBKY K IIPOMEKYTOUHBIM TECTUPOBAHUSIM, KOTOpPBIE
MPOBOASTCS AJI TEKYLIETO KOHTPOJSA 32 YCBOGHHMEM Marepuaina. Bcero mpeamnonaraeTcsi MpoBECTH 3a
CEeMECTp OJHY NMPOMEKYTOUHYIO KOHTPOJIBbHYIO, & TAKXKE PsIJl IPOBEPOUHBIX PaOOT. CTYICHTHI, YCIELTHO
MNpOLICAIINE JaHHYI0 (OpMy NPOMEXYTOUHOTO KOHTPOJS, [OMYCKAIOTCI K clade 3adera I10
JUCLUIUIMHE.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HAMPABJIEHUIO: [puknagHpie MaTemMaTHKa U Gpu3nka

npo¢uIb NOArOTOBKH: [TpuponomnogoOHbIe TEXHOIOTHH 1 OMOMUMETHYECKHUI TN3aifH MaTepraioB U CUCTEM
®dusrex-1Koia MPUPOAOTON00HbIX, IIa3MEHHBIX U SICPHBIX TeXHONIorui uM. 1.B.
Kypuarosa
kagenpa HaHO, OMO, NH(HOPMAIIMOHHBIX U KOTHUTHBHBIX TEXHOJOTHIA

Kypc: 1

KBaJIMpUKALUS: MarucTp

CemecTp, (hopMbI MPOMEKYTOUHOM arTecTanuu: 2 (BECCHHHI) - 3aueT

Pa3zpatGoTunk: O.B. bepesuna, kauz. OMoJI. HayK, TOLEHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-5 CriocobeH 1 roTOB K ITOBBIIIEHHIO

kB (prKaIy, mpodeccuoHaITbHOMY POCTY U
PYKOBOJICTBY KOJIEKTHBOM B cpepe cBoeit
podeCcCHOHaTBHON e TENBHOCTH, TOJIEPAHTHO
BOCTIIPUHUMasI COIMAJIbHBIE, STHHUECKHE,
KOH(ECCHOHAIILHEIE U KYJIETYPHBIC PA3IHUINS

OIIK-5.2 Brnameer HaBBIKOM  PYKOBOACTBA  MaJbIM
KOJUIGKTUBOM B  cdepe cBoel  mpodeccruoHaTbHON
JEATEIIbHOCTH

OIIK-5.3 CrpeMurcss K TOIXYYECHUIO HOBBIX 3HAHHM,

poQecCHOHAIBHOMY M TMYHOCTHOMY POCTY

I1K-2 CiocobeH caMOCTOSTEILHO HIIA B
Ka4eCTBE uieHa (PYKOBOIUTEIIS) MAJIOTO
KOJUIEKTUBA OPTraHU30BLIBATH U MIPOBOIUTH
Hay4YHbIC UCCIICJIOBAHUS U UX allPOOaIUio

[IK-2.1 Cnoco0eH miaHupoBaTb M MPOBOJAUTH Hay4dHBIC
UCCJICZIOBAHUSI CAMOCTOSTENIbHO MJIM B COCTaBE€ HAydHOI'O
KOJIJIEKTHBA

[MIK-2.2 CnocobeH mNpoBOIUTH ampoOanuioo pe3yabTaToB
Hay4YHO-HMCCIICI0BATEIBCKOM paboTsI MOCPEICTBOM
NyONMKalUK HAYYHBIX CTATeH U y4acTusi B KOH)EPEHIUSIX

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

B pe3yJabTarTe MH3YUYCHUSA AUCHUILJIMHBL «Metabomuueckast HWHXXCHCPUSA U TCHOMHOC PCAAKTUPOBAHUCH

00yJaronuiics JOKeH:

3HATb:

- OCHOBHBIC TPHHILUIIBI, METOIBI W TOAXOIbI, HCIOJIb3yeMble MpPU KOHCTPYUPOBAHUH MHUKPOOHBIX
IITAMMOB-TIPOAYIIEHTOB ()EPMEHTOB U METAOOIUTOB.
- OCHOBHBIC PEaKLUH YHEPTETHIECKOro 0OMeHa U OMOCHHTEe3a Yy OaKTepHii;

- OCHOBHBIE MHUKPOOHBIE TIAT(HOPMBL,
IITaMMOB-TIPOTYIICHTOB;

UCTIONb3YeMble Ul KOHCTPYHMPOBAHUS PEKOMOMHAHTHBIX

- OCHOBHBIE TEXHOJIOTHH T€HOMHOTO PEAaKTUPOBAHMUS;
- pynkum, Mmexanu3M u obnactb npuMmeHeHus cuctembl CRISPR-Cas.

yMeTh:

- IPOM3BOIUTH BEIOOP MUKPOOHOH IIAT(GOPMBI I CHHTE3a LIEIEBOTO MIPOAYKTA;
- IPUMEHSTh OCHOBHbIE ITPUHIIUITEI HAIPABICHHOW MOAM(UKAIIMN METa0OINYECKUX MyTel JUIs TOUCKa
ONTUMAIILHOTO ITyTH CHUHTE3a LIEJIEBOTO NMPOIYKTa;

- TpOU3BOIUTH  BHIOOP
[ITaMMa-TIPOAYIICHTA;

I'CHHO-UHKECHCPHOT'O

HHCTPYMEHTapus  AJsl  KOHCTPYHUPOBaHUs

- 3¢ $EeKTUBHO UCTIOIB30BaTh COBPEMEHHbIE HH(OPMAIIMOHHBIE TEXHOJIIOTHH U PECYPCHI JUIS MOTy4eHHS
HEOOXOIMMBIX 3HAHUW IO MHTEPECYIOLIeH HaydHOU Mpobieme.

BJIA/IETh:
- CIIeIHaJbHOH
peAaKTHPOBAHUS;

TepMHHOJ’IOFHefI B

o0llacTd  MeTadOIUYECKOM WHXKXCHCpUHU KU  T'CHOMHOTO

- TMPEICTABICHUSIMHI O METO/aX TeHHOH MHXEHEPHH, MUKPOOHOIOTHH, ONOXUMHUH, OMOMH(OPMATHKH,
UCIOJb3YEMBIX Ul KOHCTPYUPOBAHUS IITAMMOB-IIPOLYLIEHTOB;
- IPEJCTABIECHUSIMA O CIIOCO0ax MOIM(UKALIMH YPOBHS SKCIIPECCUU TCHOB.

3. IlepeyeHb THNOBLIX (IIPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJII0

B nensix Tekyliero KOHTpOJIs YCIEBAEMOCTH MPENLyCMOTPEH KPaTKUH OIpOC IO TeMaM HpPeAbLayIIHX
3aHATHH 110 TEME MTPOLION JIEKIIUN WM B KOHILIE 3aHATHS 110 IPOMIEHHON TeMe.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA IIPOMEKYTOYHOM aTTecTaluu

o0yuyarommxcst

1. MetaGonuyeckas HHXEHEpUS: BOZMOKHOCTH, 00JIaCTH MPUMEHEHHS M COBPEMEHHbIE TeHICHIINY.

2. PazHooOpasue MeTabonmu3mMa MUKpOOPTaHU3MOB, HCITONB3yEeMbIX B OMOTEXHOJIOTHH.



3. buoxumuueckuii coctaB kieTkd. [lmactudeckuii m sHeprerudeckuil oOmeH. bamanc yriepoaa,
SHEPrUU U BOCCTAHOBUTENBHOIO OTEHIMANA.

4. Tunst 6p0)I(eHI/I$[ " JbIXaHU Y OCHOBHBIX TPOMBIINIJICHHO-BAKHBIX MUKPOOPIraHU3MOB.

5.bakrepun, IpoX>Ku U TPpUOBI — OCHOBHBIE MUKPOOHBIE MIAT(HOPMBI METaOOIUUYECKOH WH)KEHEPUH;
CTpaTeruyl Co31aHus PeKOMOMHAHTHBIX IITAMMOB.

6. Monudukanuss cBOMCTB (EPMEHTOB M YacTHbIE NPHUMEPbl META0O0NNYECKOH WHXCHEPHH:
KOHCTPYHpPOBAHHE INTAMMOB-IIPOIYLEHTOB (EPMEHTOB, BHUTAMHMHOB, OPIKHCIOT ¥ CIHPTOB,
AMHUHOKHUCIIOT, OMONIOJIMMEPOB.

7. KoHcTpynpoBaHHe MHUKPOOHBIX IITAMMOB-TIPOAYLIEHTOB OPraHWYECKHX KHCIOT M CIHPTOB.
Hcnonp3oBaHne METOZOB M TNOAXOAOB  METAa0OJIMYECKOW  HMHXEHEPUH s pa3paboTKu
LITAMMOB-IIPOAYLIEHTOB AMUHOKHCJIOT.

8. Mcnonb3oBaHne TEXHOJIOTHI TEHOMHOTO peaaKTUpOBaHUA: JOCTUIKCHHA U IICPCIICKTUBBI.

9. l'eHOMHOE pelaKTUPOBAHWE B META0OIMYECKOH WHKeHepuu. MoauduKaiys YpOBHS SKCIPECCHUU
TEHOB.

10. Metoapl paboOTBl C TOKCHMYHBIMH TE€HAMH: TOHKHH TIOHHHT TIPOMOTOPOB, MPOMOTOPHI C
HACKYCCTBEHHOH pEryJIsILHei.

11. [TpuMepbl TEXHOIOTHH T€EHOMHOTO PEIaKTUPOBAHUS OaKTepUi.

12. Tpokapuornyeckue antuupycHbeie cucteMbl CRISP-Cas. PazpaboTrka MeTo0B peakTHpOBaHUs
reHoMoB Oakrepuii ¢ momonibio CRISPR-Cas.

13. I'eHOMHOE penakTUpOBaHKUE U OMOOE30TaCHOCTb.

[Tpumepsl OuIETOB:

BunerNel
1. Kpro-anexTpoHHass MUKPOCKOIHSI.
2. OnpeneneHue CTPYKTYpbl OCIIKOB, BUPYCOB U MaKpPOMOJIEKYJ METOZOM OAMHOYHBIX YacTHUIL.

Buiet Neo2
1. DnexTpoHHAss MUKPOCKOIIHSI B PEKUME €CTECTBEHHOU CPEIIbI.
2. Ilony4yenne u 06pabOTKa IKCIIEPUMEHTATBHBIX JAHHBIX KPUO-3JIEKTPOHHON TOMOTrpadum.

Kputepun onennBanus
1. OneHka «3a4TeHO» BBICTABISIETCA CTYACHTY, KOTOPBIN
- IPOYHO YCBOWJI MPEIYyCMOTPEHHBII MPOrpaMMHBINA MaTepua;
- IPaBUJILHO, apTYMEHTHPOBAHO OTBETHII HA BCE BOIIPOCHI, C IPUBEICHUEM IIPUMEPOB;
- IT0Ka3aJ1 IyOOKHE CHCTEMAaTU3UPOBAaHHbBIC 3HAHUS, BIaJeeT IPUEMaMH PacCyKJICHUS U COMOCTABIISET
MarepHall U3 pa3HbIX HCTOYHUKOB: TEOPHUIO CBA3BIBACT C MPAKTUKON, APYTUMH TEeMaMH JaHHOTO Kypca,
JPYTHX U3y4aeMbIX NPEIMETOB
2. OueHka «He 3a4TeHO» BrIcTaBisieTcs CTyIeHTY, KOTOphIi He crpaBuics ¢ 50% BompocoB Ouiera, B
OTBETaX Ha JPYrHe BOIPOCH AONYCTWJI CyllecTBeHHble omunOku. He Moxer oTBeTHTH Ha
JIOIIOJIHUTEJbHBIE BOIIPOCHI, MPEJIOKEHHBIE MPEroaBaTeeM, He 3HaeT OOJbIIeil YacTH OCHOBHOTO
copepkaHusi y4eOHOW MporpaMMbl JUCHMIUIMHBI, AOMYCKaeT rpyOble OmMUOKH B (HOPMYIHPOBKAX
OCHOBHBIX ITPHUHIIUIIOB.

5. MeTonuveckne MaTepuabl, onpeneasione Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJILHOCTH

[Ipu npomenennu 3adera oOydvaromemycs mpemoctaBisercs 40 MuHYT Ha moAToTOBKY. Ormpoc
oOydarorerocs 1mo OWiIeTy Ha 3a4eTe He JIOJDKEH MPEBBIIATh ABYX aCTPOHOMHUYECKUX YacoB.

Bo Bpemsi mpoBenmeHus 3adera OOydYaroIIMEcs MOTYT IIOJIb30BaTbCs NPOTPAMMON JTUCIHMILINHEI,
KOHCITIEKTaMH JISKIIHiA, a TaKXKe 000U CIIpaBOYHOM TUTEPATyPOH.



