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1. IEJIM U 3AJJAYU OCBOEHUA JTUCHUIIJIMHBI:

Henb AWCHUIUIMHBI - COBEPUICHCTBOBAHWE U TOJYYEHHE HOBBIX KOMIIETEHIIMH 1O
HCIIOJIb30BAaHUIO COBPEMEHHBIX T€HETUYECKUX METO/I0B.

3agaya JUCHUIUIMHBI — CIIOCOOHOCTh K CO3MaHHUI0 TEHETUYECKH MOIUPUIIUPOBAHHBIX
KOHCTPYKUHMH JUIsl HajbHeHIIel SKcrpeccu B OaKTepHabHBIX KIIETKaxX, MOJy4YyeHHe OETKOBBIX
MOJIEKYJT B AJIEKTPOPOPETUIESCKH-TOMOTE€HHOM COCTOSTHUH, a TaKXke aHanu3 pe3ynbraroB [P,
YTO HEOOXOIUMO TSl MPO(hECCHOHATBLHON ACATEIHPHOCTH B PaMKax pa3pabOTKH T€HETHYECKOTO
MPOJIyKTA.

2. MECTO JUCHUIIJIMHBI B CTPYKTYPE OIIOII:

Jucuuniuza «buounowcunupune. I'ennas uwdcenepus» W3Y4daeTcsi B 2 CEMECTpe H
OTHOCHUTCSI K 4YacTd, QopMHpyeMON y4acTHHKaMH OOpa30BaTENIbHBIX OTHOIIEHUUN TUCIUILINH
6moka b1.B.JIB.02 JIucummnuasl (Mogynau) mo BbeiOOpy 2 (/1B.2) HampaBieHHS HOATOTOBKH
06.04.01 «buomnorus». JucuuminHa (HOPMUPYET NPAKTUUYECKHE HABBIKM HCIIOJIB30BAHHS B
npodecCHOHATIBLHOM 1EATENTFHOCTH COBPEMEHHBIX TeHETHUYECKUX METO/IOB.

OcHoBaHHMEM W3y4Y€HUs JAHHOW JUCUUIUIMHBI TaKKe SBISAIOTCS JIUCLMILIAHBI
MarucTparypsl, Takue kak: «lMccnenoBaTenbekas AesITeNbHOCTEY, «bruonHpopmarukay, «O01mas
U MOJIEKyJIsIpHasi ouonorus», «Mukpooduonorus», « MonekysipHas U KJIE€TOYHAasl TaTOJIOTHM.

Jucumnmnba «buounscunupune. I'ennasa unocenepus» ABIASETCA NPEALIECTBYIOMIEN s
u3ydeHust gucuuiiuH: «Pa3paboTka OMOMEAMIMHCKHX MpoAyKToBY», «lIpeanurniomuas
npakTuka», «lloAroroBka K MpoLEIype 3allUThl M 3alIUTa BBITYCKHON KBalIH()UKALMOHHOM
paboTH).

3. MEPEYEHDb [IVIAHUPYEMBIX PE3YJIBTATOB OBYUYEHUSI 1O
JTUCHUILINHE, COOTHECEHHBIX C IINIAHUPYEMBIMH
PE3YJIBTATAMU OCBOEHUS OCHOBHOM
MPO®ECCHUOHAJIBHOM OBPA3OBATEJBHOMN TPOT'PAMMBI

Koa v HaumeHoBaHue
peajsn3zyemMoii KoMIeTeHInU

IlepeyeHb MIaHUPYEMBIX Pe3yJaIbTATOB 00yU€EHUsI MO
AUCUMILINHE (MOIYJII0), COOTHECEHHBIX €
HHIMKATOPAMH JOCTHKEHNsI KOMIeTEeHIHii

NnK-1 NJ-1.1nx1

Crniocoben MPOU3BOIUTH | 3HAET OCHOBHBIC TIPUHIIHIIBI u STarbl
MOJITOTOBUTENIbHBIC Pa0OTHI ISl | OMOTEXHOJIOTMYECKOTO Ipoliecca, MpaBwia 0e301macHOCTH
OCYIIECTBICHUS npu padoTe ¢ OMOTOTHIECKUMH MaTeprUaTiaMy B peareHTaMu
OMOTEXHOJIOTHYCCKOTO NJI-1.2nx1

mpoiecca MONTydeHUs: | YMeeT BBIOMpAaTh M MOATOTABIMBATH HEOOXOIUMBIC
OMOMEIUITMHCKOTO  TPOJAYKTA: | pearcHThI " MaTepHaIbl TUTst NIPOBEICHUS
TeCT-CHCTEM/TEHHO- OMOTEXHOJOTHYECKHUX TPOIIECCOB

WH)XKEHEPHOTO NJ-1.3nk1

npoaykra/paguodapmipenapara | Biageer  HaBplIkoM  paboTel ¢ J1aOOpaTOPHBIM

obopynoBaHueM © TpuOopamMu, HEOOXOAMMBIMU IS
POBEJICHNUS] OMOTEXHOJIIOTUYECKUX MPOIIECCOB

K -2

Crniocoben MIPOBOJIUTH
OMOTEXHOJIOTHYECKUH TIPoIIece ¢
HCITIOJB30BAHUECM KHUBBIX KICTOK
1 (epPMEHTATUBHBIX PEAKITUI

N/-1.1lnk2 3HaeT OCHOBHbIC TPUHIMIOBI M  ITaIlbl
OMOTEXHOJOTHYECKOr0 Mpollecca C  HCHOJIb30BAHHEM
JKUBBIX KJIETOK U ()EPMEHTOB

NA-1.2nk2  Ymeer  aHanu3upoBath
TEXHOJIOTHIO Ha COOTBETCTBUE

HCIOJIb3YEMYIO
YCTaHOBJIEHHBIM
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TpeOOBaHUSAM M YHPABIIEMOCTb  TEXHOJOTHYECKUX
IPOILIECCOB, OPraHU30BBIBaTh Pa3pabOTKy M BHEIPEHUE B
IPOU3BOJCTBO  ONTHUMHU3UPOBAHHBIX  TEXHOJOTHYECKHX
IPOLIECCOB

N-13nk2  Brnageer  HaBbIKAMHU  KYJIBTUBHPOBAHMS
MHUKPOOPTaHU3MOB M JYKAPHOTHYECKUX  KJIETOK B
pa3IUYHBIX  YCJIOBUSX, METOJAAMH  CEHNapauuu WU
KOHIIGHTpalui OHOJOIMYECKUX BEIECTB, MOJyYEHHBIX B
pe3ynbTare OMOTEXHOJIOTHUECKUX IIPOLIECCOB c
UCIOJIb30BAaHUEM JKUBBIX KJIETOK U ()EPMEHTOB

nK-3

Cnocoben MIPOBOIUTH
UCCIICIOBAHMS M0 pPa3padoTKe
OMOMEIMITMHCKOTO TPOAYKTa, a
TaKKe YMPaBJISTh MPOIIECCOM

NJ-1.1nx3 3Haer npaBuia 6€30MacCHOCTH MPU IPOBEICHUH
HCCJICIOBAHMH 10 pa3pabOTKe OMOMEIUITMHCKOTO PO TyKTa
NA-1.2nk3 VYwmeer: ¢opMynupoBaTh LEMH U 334a4H
WCCICNOBAaHMN 1O  pa3paboTke  OMOMEIMIIMHCKOTO
MPOIYKTa, aHAIM3HPOBATh PE3YJbTAThl WCCICIOBAHUN U
Jenath  BBIBOABI O  BO3MOXKHOCTH  HCIIOJIb30BAHMUS
MOJTy4EHHOTO MPOAYKTa B MEIUIIMHCKHX IIEJISX.

NJI-1.3nk3 Brnageer HaBBIKOM BBIOOpa ONTHUMATBHBIX
METOJIOB M TOAXOJOB JJIsi IPOBEJCHUS HCCICIOBAaHUHN TIO
pa3paboTke OWOMEIUIIMHCKOTO  TPOAYKTa, HAaBBIKOM
TUTAHUPOBAHUS U OpPraHU3alliy MPOBEACHUS HCCIEAOBAHNUN
1o pa3paboTKe OMOMEAUITMHCKOTO MPOIYKTA.

4. OBIIAA TPYAOEMKOCTbD JUCHHUIIJINHBI

4.1. O0beM IMCHUILIMHBI B 3a49€THBIX eIUHMIaX (Bcero) 6

4.2. O0beM TUCHUILINHBI 10 BUAAM y4eOHOM padoTsI (B yacax)

Kosau4vecTBo 4acoB ((popma o0OyueHus )
Bua yue6Ho# padoThl ofHan
Bcero no B 1.4. mo cemecTpam
IUIAHY 2

KonraktHas paboTta 00y4daroniuxcs ¢ 90 90
MPENoaBaTesieM B COOTBETCTBUHU € Y1
AyaUTOpHBIE 3aHATHS:

® JIEKINU 10/10 10/10

® CEMHUHaphl U NPAKTUYECKUE 3aHATHS 40/40 40/40

e j1a00opaTopHBIE PabOTHI, IPAKTHKYMBI 40 40
CamocrosTenbHas pabora 90 90
dopma TeKyIIero KOHTPOJIsl 3HAaHUU U cobecenoBanue,
KOHTPOJIS TECTUPOBAHUE
CaMOCTOSITENIbHOM pabOThI: TECTUPOBAHUE,
KOHTp.paboTa, KOJUIOKBHYM, pedepar u ap.(He
MeHee 2 BUJIOB)
Kypcosast pabota —
Buapl mpoMexxyTodHOM aTTecTauu (3K3aMeH, 36 Dx3ameH(36)
3a4er)
Bcero 4yacos o gucruiuinie 216 216

B cnydae HeEoOXOOUMOCTH HCIONB30BaHHUS B y4e€OHOM Ipoliecce YacTHYHO/MCKIIOUYUTETHHO
JTUCTAHIIMOHHBIX 00Pa30BATEIbHBIX TEXHOJIOTHI B TAOJIUIIE Yepe3 CIEIl YKa3bIBACTCsl KOJIMYECTBO
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yacoB pabotsl JIJIC ¢ oOyudaromumucs A MpOBEACHUS 3aHATHIA B TUCTAaHIIMOHHOM (opmare ¢

PUMEHEHHUEM DJIEKTPOHHOTO O0yUEHUSI.
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4.3. Conep:xanue 1MCOMILIMHBI. Pacnipenenenne 4yacoB no remMam U BHJAM Y4eOHOI

padoThI:

®opma o0yyeHus _ oyHas

Buabl yueOHbIX 3aHATHIH

AyIHUTOpHBbIE 2
3aHATHS 2
- . = dopma
HasBanmue u pa3aesnoB u 5 g “f 1 = 2Bl 5 = TEKYILIEro
Tem 2 = | 8% E 51 EE 8 KOHTPOJISA
=| £ E| S é E E = E =) 3HAHMI
S| EE 2si53 ¢
= = 8 S = ¢ = 8
E R
=
1. BBeeHue B reHHYIO 19 2 4 0 2 9 [IpakTnueckue
uHxeHeputo. [IpuHIUIBI 3aHATUA,
KOHCTPYUPOBaHUS TECTUPOBAHUE,
PEKOMOMHAHTHBIX cobeceoBaHue
OpPraHU3MOB
2.1 Pabora c 19 2 4 8 2 9 Brinonnenue
HYKJIEMHOBBIMU 1ab0paTOPHBIX
KHCJIOTaMH 3aJJaHuH,
B OaKTepHUaIbHBIX MPAKTUUYECKUX
KJIETKaX. 3aJaHuH,
Brinenenne JIHK u3 TECTUPOBAHUE
OaKTepHaIbHBIX KIETOK.
2.2 Brinenenue 19 2 4 4 2 9 Brimonnenune
mazmuanon JJHK u3 1a00paTOPHBIX
OaKTepUaIbHBIX KICTOK. 3aJIaHuM,
MPAKTUUYECKUX
3aJaHuH,
TECTUPOBaHUE
2.3 DraexTtpodopes 17 0 4 4 2 9 Brimonnenue
HYKJIEMHOBBIX KUCIIOT U 1a0b0paTOPHBIX
BU3yaJIU3allUU PE3YyJIbTATOB 3a/IaHu,
MPAKTUYECKUX
3aJaHuH,
TECTUPOBaHUE
2.4 Knonuposanue JIHK. 17 0 4 4 2 9 Beinonnenue
[Tonumepasznas nienHas 1ab0paTOPHBIX
peakuus 3aJ1aHuN,
MPAKTUYECKUX
3aJIaHUMH,
TECTUPOBaHUE
2.5 Tpancdopmanms 17 0 4 4 2 9 Brimonnenue
OaKTepHaIbHBIX KIECTOK na0opaTOPHBIX
3aJIaHuH,
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MPAKTUIECKHIX
3aJIaHuH,
TECTUPOBAHUE
3. Dkcrpeccus u 19 2 4 4 2 9 Brinonnenue
BBIJICTICHHE IICIICBBIX J1a00paTOPHBIX
OCIIKOB 3aJaHuM,
3.1 OT60p mTamMmmoB MPAKTUYECKUX
MPOJIYIIEHTOB OCJIKOB 3aJaHuM,
TECTUPOBAHUE
3.2 I'unepakcnpeccust 17 0 4 6 1 9 Brinonnenue
OCJIKOB B OOJIBITIOM J1a00paTOPHBIX
o0BeMe 3aJaHuM,
MPAKTHYECKUX
3aJIaHuMH,
TECTUPOBAHHUE
3.3 Ouncrka OeIKoB. 17 0 4 6 1 9 Brinonnenue
Omnpenenenne J1a00paTOPHBIX
KOHIIEHTpAIUU OenKa mo 3aJIaHuM,
MeToay MapuoH MPAKTHYECKUX
Bbpaadopa [Bradford, 3aJlaHuH,
1976] TECTUPOBAHUE
4.TpaHcreHHbIE pacTEHUs 9 1 2 0 1 4 Brinonnenue,
1 KUBOTHBIC MPAKTHYECKHUX
3aJIaHUMH,
TECTUPOBAHUE,
cobeceoBaHKE
5.I'ennas Tepanus 10 1 2 0 1 5 Brinonnenue
MPAKTUIECKHIX
3aJIaHuH,
TECTUPOBAHUE,
cobecenoBanue
Hroro: 180 10 40 40 18 90 +36 pK3aMeH

5.COAEP KAHME JUCIHNJINHBI

Tema 1. BBeeHue B reHHYI0 MH:KeHepH 0. [IpUHIIMIIBI KOHCTPYUPOBAHUS PEKOMOMHAHTHBIX
opranu3mMoB. Texnonoruun pexkoMmOuHaHTHBIX JIHK u o0mipe mpuHIMITEI KOHCTPYHPOBAHUS
IPOMBIIUIEHHO BaXHBIX MPOAYIEHTOB Uil OMOTEXHOJOTHMH. MOJEeKyJIspHbIE OCHOBBI
TeHEeTUYeCKON wnHXeHepun. DepMeHTHl A MOJIEKYJISIPHOTO KiIoHHpoBaHus. OOmas cxema
MOJIEKYJIIPHOTO KJIIOHMPOBAaHMS HAa IPUMEPE CO3aHMs IITaMMa-IPOIYyLEHTAa B KUIICYHOU
nanouke. OO01Ias cxema BEKTOpa Ha MpuMepe OaKkTeprualbHON SKCIPECCHOHHON TIa3MUIbI.

Tema 2. PaGoTa ¢ HyK/J1eHHOBBIMHM KHCJIOTAMH B 0aKTepHaIbHBIX KJIETKAaX

Metoapl TeHeTHYecKoW TpaHchopMamuu —OaKTepuid: DJICKTPOIOpaus ¢ XUMHUYECKas
tpanchopmanus.  IloHsTHe  KOMIETEHTHOCTH.  WHAyImupoBaHHas M  €CTECTBEHHAs
KOMIIETEHTHOCTb. MeTo1bl HACHTU(UKAMY PEKOMOMHAHTHBIX KIIOHOB.

KnonupoBanue rena mno meromy [mbcona. Xumumueckas tpanchopmarus mramma E. coli.
Brinenenune mrazmuaaoi JJIHK ¢ momomipio kommepueckux HabopoB. TP ¢ komonwmii. [Tpunnum
aneKTpoope3a HyKICHHOBBIX KHCIOT. Mapkepsl MOJIEKYJISIPHOTO Beca. Busyanusanus reneit ¢
JHK. Wsmepenue xonnentpanuu JIHK c¢ momomieto NanoDrop: cootnomenue 260/230 u
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260/280.

Tema 3. Jkcnpeccusi u BbljleJIeHUE HeJ1eBbIX 0€JIKOB

[TpoOneMbl IKCIPECCHH YY>KEPOIHBIX TEHOB B IEJIEBOM OpraHu3Me. [IpUYnHBI HCIIOTB30BaHHS
pa3HOOOpa3HBIX CHCTeM (TPOCTEHINE, PACTCHHS] W XKUBOTHBIE) JUISI OHMOMPOIYKIIMU OEIKOB.
[eTrepormornvHasl  IKCHpECCHs, MOCTTPAHCIIIMOHHBIE  MOTUQPUKAMH W TOJyYCHHE
(YHKIIMOHAJIBHO AKTUBHBIX ayTEHTHYHBIX OeNKOB. [ TMKO3UINpOBaHNE pEeKOMOMHAHTHBIX OETKOB
B 3aBUCHUMOCTH OT KJICTKU-X03s5iHA. CTaOMIM3anus 1esIeBbIX MPOYKTOB B KIIETKE.

CBoiicTBa OENKOBBIX MOJIEKYJ: JEHATypalus, peHaTypauus U T.J. DIekTpodope3 OenkoB B
JNEHATYpUPYIOMUX ycIoBusAx. Meton adduuHON XpomaTorpaduu Il OYHUCTKH OCJIKOB.
[TpuHLIMTIBI METOI0B OKpAIIMBaHUs OCJIIKOBBIX I'eliell C MOMOIIbIO KyMacCH CHHET0 U HUTPaTHOTO
cepeodpa.

Tema 4. 'eHeTHYeCKHU BasKHbIe NPOAYLEHThI. TpaHcreHHble pacTeHUs U )KUBOTHDIE.

FGHHO-I/IH)KeHepHBIe OpTraHU3MBbI B XO03SIMCTBEHHOU ACATCIIBHOCTHU YCJIIOBCKA U MEPCICKTUBBLI UX
JaIbHENIIEro CIob30BaHus. Vcnonb30Banne peKOMOMHAHTHBIX MUKPOOPTaHU3MOB Pa3IUnYHbIX
CHUCTEMaTHYECKUX TPYMIN A MOJIYYEHHUS KOMMEpPYECKHX MPOAYKTOB ((pepMEHTBI, WHCYJIHH,
TOPMOH pocTa, UHTEPHEPOHBI, MOHOKIIOHANIbHBIE aHTUTENA U T.1.). TpaHCreHHbIEe pacTeHHs U
JKUBOTHBIC KaK 6H0peaKTOpBI AJId OJYYCHUS HCHHBIX JIA MPOMBINIJICHHOCTH W MCIUIIUHBI
OpraHNYecKuX coequHeHui. KOHCTpynpoBaHHE TPAHCTEHHBIX pacTeHHl. BEeKTOpHBIE CHCTEMBI
Ui pacTeHuid Ha ocHoBe Ti-tutasmua u putoBUpycoB. KynbTypsl pacTUTEIBHBIX KIETOK.

Tema S. I'ennas Tepanus
Caiit-cnenipuyeckoe peJakTUpPOBaHWE TE€HOMa C  HCIOJIb30BaHUEM PEKOMOMHAHTHBIX
sHIOHYKIIea3. PekomMOnHaHTHBIC SHAOHYKIea3bl. CalT-cienuduueckoe peJakTHPOBaHUE TEHOMA
C MOMOUIBIO AHJOHYKJIE€a3bl C "IMMHKOBBIMU NajbliamMu'. Mcnons3oBanue cucteMbl TALEN st
caiiT-crieruuueckoro penakrupoBanus reHoma. Merox CRISPR-Cas9 nns pemakTupoBaHus
resoma, posib MukpoPHK.

6. TEMbI IPAKTUYECKHAX U CEMUHAPCKHUX 3AHATUM

Tema 1. BBeieHue B reHHYI0 MHKeHepH 0. [IpMHIMIIBI KOHCTPYUPOBAHUS PEKOMOMHAHTHBIX
OPraHu3MoB.
e MopenupoBaHne reHETHYECKUX KOHCTPYKIMIL: DKcnpeccnoHHble ma3Musl, [lItammsr E.
coli 1y sKcpeccun peKOMOWHAHTHBIX O0ekoB, BapraHThl HOKayTa reHOB.
e Metons kmonuposanus JIHK: Restriction Enzyme Ligation, Gibson Assembly, Gateway
Cloning, Golden Gate Assembly, TOPO (TA) Cloning.
e Bexkrops! 11a knonuposanus JJHK.
e TpeboBaHU K MpaiiMmepam.
Nzyuenue yueOHOM, HAyYHON U CIIPABOYHOM JIUTEPATYPHI.
Odopmnenue pe3yabTaToB pabOTHI.

Tema 2. PaboTa ¢ HyKJI€eMHOBBIMH KHCJI0TAMHU B 0aKTEPHAJbHBIX KJIeTKaX

e MeTonbl TEHETHYECKOW TpaHChOpMAIMK OaKTEpPUi: AJICKTPOIOpaIus M XHUMHYECKas
TpaHchopManus.
[Tonsarue komnereHTHOCTU. NHTyIITMpOBaHHAs M €CTECTBEHHAs! KOMIIETEHTHOCTb.
MeTtobl uAeHTUPUKAIUN PEKOMOUHAHTHBIX KIIOHOB.
Knonuposanue rena no merony ['mbcona.
Xumnueckas Tpancopmarnus mramma E. coli.
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Brinenenune mrazmuaaon JJHK ¢ momorsio kommepuecknx HabopoB.

ITLP ¢ xomoHwmii.

[Tpunnun snexTpodopes3a HyKIEHHOBBIX KUCIIOT.

Mapxkeps! MosieKyIsspHOTO Beca. Busyanuszanus reneit ¢ JITHK.

Wzmepenne xonnentpauuu JJHK ¢ momomisio NanoDrop: cootnHomenune 260/230 u
260/280.

Nzyuenue yueOHOM, HAyYHON U CIIPABOYHOM JIUTEPATYPHI.

Odopmnenue pe3yabTaToB pabOTHI.

Tema 3. Jkcnpeccusi u BbljIeJIeHUE HeJ1eBbIX 0€JIKOB

OT100p WTaMMOB IPOIYLIEHTOB OEIIKOB

OnexTpodope3 OeKOB B ICHATYPHUPYIOIIUX YCIOBHUSX.

l'unepakcnpeccus 6€1KOB B 60IbIIOM 00BEME

Merton apdunHO XpomaTorpaduu sl OUUCTKHA OEITKOB.

[TpuHIMIBI METOZIOB OKpaIIWBaHHs OEJIKOBBIX T'eliel ¢ MOMOIIBI0 KyMacCH CHHETO |
HUTPATHOTO cepedpa.

N3yuenune ydaeOHOM, HAYYHOUN M CIIPaBOYHOM JINTEPATYPHI.

OdopmieHne pe3ynbTaToB padOTHI.

Tema 4. 'eHeTHYeCKHU BasKHbIe NPOAYLEHThI. TpaHcreHHble pacTeHUs U )KUBOTHbIE.
e bronpoayKuus HEHHBIX JJI POMBIIIJIEHHOCTH U MEAUIIMHBI OPTaHUYECKUX COCAMHEHUN
B PACTEHUSX U PACTUTEIbHBIX KIETKAX.
e [IpeumymiectBa u npoOiIeMbl OMONPOAYKIIMH B PACTUTEIBHOM cucTemMe. Metabonnyeckas
WH)KEHEPUST PACTECHHI.
e (CoznaHue pacTeHUM, YCTOMUMBBIX K O0JIE3HSM, BpeIUTEIIM (PACTCHHS, CHHTE3UPYIOIIHE
MHCEKTULIUIBI), TepOuIuiam (Ha mpuMepe payHjana).
e li3meHeHue MMINEBOM I[IEHHOCTM UM BHEWIHEro Buja pacreHuid. IlosslmeHue
MPOAYKTUBHOCTH U YCTOMYMBOCTHU K BHEILIHEH Cpelie.
e T'enHernuecku-Moau(PUIUPOBAHHBIE MPOAYKTHI - MU(BI U PEATbHOCTD.
e Kommeprmanu3zaiys TpaHCTEHHBIX PaCTeHUN M OM00E3011aCHOCTb.
N3yuenue yaeOHOM, HAYYHOUM M CIIPABOYHOM JINTEPATYPHI.
OdopmieHne pe3ynbTaToB padOTHI.

Tema S. I'ennas Tepanus
e CaiiT-crienupuyuecKoe pelakTUPOBAaHHE I'€HOMa C HCIOJIb30BAHUEM PEKOMOMHAHTHBIX
9H/I0HYKJIea3. PeKoMOMHaHTHBIE SHIOHYKJIIEA3bl.
e CaiiT-cienuduueckoe peJaKTUPOBAHWE T€HOMAa C IOMOUIbIO SHAOHYKJEa3bl C
"IIMHKOBBIMU ITaabIaMu".
e lcnonb3oBanue cuctemsl TALEN miist caliT-crienn(pu4eckoro peiakTupoBaHus FTeHOMa.
e Meron CRISPR-Cas9 nns penaktupoBanus reHoma, poiab MUKpoPHK.
N3yuenune ydaeOHOM, HAYYHOUN M CIIPABOYHOM JINTEPATYPHI.
OdopmieHne pe3ynbTaToB padOTHI.
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7. JJABOPATOPHBIE PABOTHBI, IPAKTUKYMbI

Tema 2. PaGoTa ¢ HyK/JIeHHOBBIMH KHCJIOTAMH B 0aKTepHaIbHBIX KJIETKAaX

JlaGopaTtopHasi padora Nel

Boigesenue renomuoii [IHK wu3 kiaerok Oakrtepuii metogoM ¢eHoI-XJI0poGopMHOI
IKCTPAKLIMHU

1. Kynbrypy Oakrepuii pactuTh HOUb Ha Ooratoii cpeae (LB, nurarensueiii 0ynson BTH mm
MIIB) ¢ kaganuem, 5 M1 B IpoOupKe (CM.MUKPOOHOJIOTHIO).

2. OcamuTh KJIETKU U3 5 MJI KyJIBTYpbI B anneHaop¢: 1.5 M KyabTypsl IEpeHEeCTH B 3MIeHaA0pd,
1 1-2 mun npu 13000 06/mMuH, cyniep BBUIUTh, CHOBA J00AaBUTH 1.5 MIT KylbTyphI U 1. Y 1aUTh
J103aTOPOM BCIO HAaJJ0CaJOUHYIO KUJIKOCTb.

3. PecycnienmupoBats kietku B 500 mxin 10 MM Tpuc HCI pH 8.0.

J1s TpaM-IIOJI0KHUTETBHBIX OAKTEPHIA:

3.1. Jlns pa3pylieHus KJIETOYHOW CTEHKHM OakTepuii BHecTH 25-50 MK pacTBOpa JH30IHMMa C
KoHIeHTpauueil 20 mr/mi, uHkyOouposats 20-60 muH npu 37°C, OCTOPOKHO MEpeMENINBaTh
nepeBopaunBas IpoOUPKY, CyCIeH3us 10JKHA cTaTh OoJiee Mpo3padHoil u kopuyHeBee. B ciydae
naktoOarumt BHecTd 100 MK nu3ommMa ¢ KoHIeHTpanueid 20 mr/mi, HHKyOupoBath 1-2 gaca
nipu 37°C.

4. Baocuts mnopuusmu 1o 10 mkia 10%-sb1i pactBop SDS, OCTOpPOKHO N€peMENIMBAaTh,
nepeBopaunBasi MPOOUPKY J0 JOCTHKEHUS MPO3PAYHOrO pacTBopa Bs3kod cyoctaniuu (SDS
paspymaeTr memOpany kietku u JJHK okaswiBaercs B

pacTBope, Jienasi ero BA3KUM U TArydyuM). Eciu pacTBOp He cTall BS3KUM, TO 3HAUUT KJIETKU HE
pa3pyLIMINCh U JaJbLIE MPOJ0JIKATh HE UMEET CMbICIA.

5. Buectu 500 Mk cmecu henoa, xsmopodopma u n30aMuIoBoro crupta (25:24:1) 1 ”HTEHCUBHO
HOTPSICTH, YTOOBI PacTBOp CTal Kak MOJIOKO. IIpum 3TOM TpOMCXOOUT AeHaTypauus OeiKoB,
Nepexo/]l 5KUPOB U JUMUAOB B OPraHUUECKYIO

dazy.

6. lLleatpudyruposars 10 MuUH Ha MAaKCUMaJILHON CKOPOCTH

7. lepenectr Bepxuiowo pasy 450 mxn (HE TPOI'AS BEJIBIM ITPOMEXYTOYHBIN CJION) B
1 mi m3onpomnanona. IIpu sTom HemszOexxkHO ymeHbImaercs a0 1/5 oObeéMa BogHOU ¢as3wl. Ha
MpaKTUKE JIyYIlle TOKEePTBOBATH 3TUM

00BEMOM ceifuac, 4eM YMCTOTOM Ipenapara BIOCISACTBUN. J[J1s1 MomyUueHns BRBICOKOOYHIIICHHOM
JIHK nostoputs 11.5-7 2-3 pa3za.

8. OctopoxxHo HamoTaTh JIHK (koTopast OyneTt BBITISIETh KaK BaTa) HAa HAaKOHEYHUK Ha 200 MK,
3y0O4YMCTKY WM CTeKIsHHYI0 manouky. Ecim JIHK Beimano mano, ocTopokHO mepemeniaTh
coaepxumoe srmeHaopda u moBToputh HamareiBanue JJHK.

9. Onycruth HakoHeuHnuk/manouky ¢ JHK B pactBop 96% »sTaHona, 3aTeM MOACYIIUTH.
[lepecymuBarh 0CaJoK HEJb3sl, B MOJTHOCTHIO BBICYIIEHHOM BHJI€ OH CTAaHOBHUTCS MPAKTUYECKU
HepacTBOpUM B Bojie. OOBIYHO OCAJKH CyIIaT HAa OTKPBITOM BO3[AyXe HE OoJjiee Irmoirydaca, moj
MOTOKOM Harpetoro Boznyxa. Jlanee Hamotannyto JJHK omyctuts B ammennopd ¢ 200-400 Mk
nernoHn30BaHHOM Boabl i Oydepa TE s pactBopenus JHK.

Bbeictpoe Bbigenenne miaasmuaHo  JIHK w3  OakrepmanbHBIX  KJIETOK  Jd
3JIEKTPOOpPeTHYECKOr0 AHAIN3Aa MeTOAOM (PeHOJI-XJI0PO(OPMHOM IKCTPAKIMH.

Meton moaXoauT ISl OBICTPOM OICHKM HAIWYHS IUIA3MHIBI, €€ pa3Mepa MO CPaBHEHHUIO C
ucxonubM BektopoM. KavectBo JIHK mocraTtouno asis snekTpodopeTHyecKoro aHaian3a, HO HE
Oonee ToTO.

Y1006HO WCTMONB30BaTh JJIsi CKpUHUHTA KoJIOHWH. HemoctaTok — HEOOXOAMMOCTH paboTaTh C
¢denonom (HeoOX0IUM BBITSDKHOM 1IKad), a Takxke B resie BuIHbl pudocomanbubie PHK, mostomy
HEOOXO0JUMBI OTPULIATENIbHBII U MOJIOKUTEIbHBIA KOHTPOJIH.
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1. KynpTypy pactuth HOub Ha Ooraroil cpene (LB, murarensubiii 6ynson BTH unu MIIB) ¢
KadaHuem, 1-3 M B mpoOupKe.

2. Ocaautp KJIETKH B 3nmeHa0pd: 0.5 MI1 KyIbTypbl IEPEHECTH B ANIEHA0P), LEHTPU(YTUpOBaTH
1-2 mun ipu 13000 06/MuH. Y 1aauTh HAAOCATOUYHYIO KUIKOCTh, OcTaBUB 50-100 MKI.

3. Buectu 10 Mk 10-kpaTHOro Oydepa 1ist BHECEHUS, COASPKAIIETO AOACUMI CyIb(ar HaTpus
(SDS). Knetku pecycneHANPOBATH 103aTOPOM MUJTM HA BOPTEKCE B OCTATKaX CyIEepHATaHTA.

4. Baectu 50 mMkn cmecu denona u xsmopodopma (1:1) 1 HHTEHCUBHO NOTPSICTH, YTOOBI pacTBOP
ctai kak Mojoko. 10 5. IlenTpudyrupoBars 5 MUH Ha MAaKCUMaJIbHOW CKOPOCTH.

6. 10 mxx1 Bepxueit passi (HE TPOI'AS BEJIBIM [TPOMEXXYTOYHbIN CJION) ucnonb3oBath
TUTs1 DIIeKTpodopesa.

JlabopaTtopHasi padora Ne3. JiekTpodope3 HYKIEMHOBBIX KUCJIOT U BU3YAJIN3ALMU
pe3yJIbTaToB

OnexTpodopes — MeTo] pa3AeseHUsI MAKpPOMOJIEKYJI, pa3IMyYalolIuXcs M0 TAKUM ITapaMeTpaM, Kak
pa3Mepsl (WM MOJIEKYJISipHAsi Macca), IPOCTPAaHCTBEHHAs! KOH(UTYpaIlys, BTOPUYHAS CTPYKTYpa
Y BJIEKTPUYECKUM 3aps/l.

B nynku renst nanocutcs npoda JAHK, yxe comeprkammii MHIMKAaTOPHBIN KpacuTenb. Popmy ¢
rejieM, COJIep’KalliM HaHECeHHble oO0pa3lbl MEepPEeHOCAT B Kamepy i 3JaekTpodopesa,
3aroJIHeHHYI0 Oy(depoM, KaMepy MOAKIIOUAIOT K UCTOUHUKY NMuTaHus (Hampspkenue 1-15 B/em
JUTMHBI Tells1), ¥ MPOBOAAT 3nekTpodopernueckoe pazaenenue JJHK B HanpaBiaeHuu ot kaTona K
aHomy. Yembl HUKE HaINpsDKEHHE, TEM BBIIE pasJIeNsonias ClloCOOHOCTh Telsl, MOJIOCH Ooee
YeTKHE U3-3a MeHbIel auddy3un, HO nekTpodopes 3anumaeT Oosbiie BpeMeHd. KoHTposb 3a
ANEKTPO(OPETHUECKUM  pa3JICIEHUE OCYIIECTBISETCS BHU3YaJbHO M0 JABWXKCHHIO IIOJOCHI
kpacutensa. I[lo okoH4WaHMM 37eKTpPO(OpPEeTUUECKOro pasfeneHus (Korna WHIAUKATOPHBIN
KpacuTellb JIOCTUT Kpasi Telig) BBIHUMAIOT Treib #u3 (OpMBI W MPOCMATPUBAIOT B
ynbTpaduoNeTOBOM  CBeTe ¢ moMomblo  YOD-TpaHCWIUTIOMUHaTOpa  (KeJlaTenbHO
¢dororpadupyior).

I'opuszoHTaILHBIM 3J1eKTPO(dOpe3 B arapo3Hom resie

1. TotoBsit 1x TBE B oObeMe, TOCTaTOYHOM ISl 3aMOJHEHUS Kamephl JUIsl dJeKTpodope3a u
IIPUTOTOBJICHUS TeIIA.

2. Ho6asnstor k 1 x TBE arapo3y B konmuuecTBe, HeoOxomumoM misi noiydenus 0.8 — 2%
pacTBopa, 1 HarpeBarOT B MUKPOBOJIHOBOM ME€YX 0 MOJHOTO PacIUIaBICHUs arapo3bl. 1% renb
SIBJIIETCS. OTHOCUTENIBHO YHUBEPCAIBHBIM.

3. OxmaxparoT cmech 10 +/- 50 °C. 3a BpeMs OXJaXICHUS araposbl, IMOJATOTaBIWBAIOT
3aJIMBOYHBIN CTOJIMK U KIOBETY JJIs 3JeKTpodopesa.

4.]J106aBsIOT K paCTBOPY arapo3bl KpacUTENb (CM. 1. 2.3) M OCTOPOKHO IEPEMEITUBAIOT, U30eras
HOSIBJIEHUS B I'elie Iy3bIpbKOB BO3/yXa.

5. Temtyro arapo3y BBUIMBAIOT B KIOBETY JJI T€Jl U PABHOMEPHO PACIIPEIEISIOT €€ N0 KIOBETE.
BepTukanbHO BCTaBISIIOT TpeOSHKY TaK, YTOOBI e 3yOLbl HEe TOCTaBaIX 10 THA mpuMepHo 1-1.5
MM.

6. OCTaBJIAIOT KIOBETY C arapo3HbIM resieM Ha 30 MUH, 3aTE€M OCTOPOXKHO YJAJISAIOT TPeOCHKY U
aunkyo JeHty. KioBeTy ¢ reimem mnoMemiaroT B 3JE€KTpO(Ope3HyI0 KaMepy, COIEpKallyko
HeoOxoaumoe konmaecTBo 1XTHD.

7. TlogroraBnuBaroT K 3ekTpodopesy obpasisl uccnenyemoin u mapkepunoit JIHK, mns gero
CMEmMUBAIOT ux Cc Oydepom nns HaneceHus (5:1). UToObl MOMYyYUTh YETKHUNM CUTHANT TIPU
OKpammBaHuu OpoMucThIM 3THANEeM-EtBr, B myHKy mmpuHoit 5 MM gocrarouno BHectn 200 HT
mapkepHoit JIHK. Jlns mocTpoeHust cTanjapTHON KpUBOM HEOOXOIUMO UCIIOIB30BaTh MApKEPHbIE
dbparMeHThl, JJIMHA KOTOPBIX TPUMEPHO paBHa jAynHe uccineayemoin JJHK.

8. OCTOpOXKHO BHOCAT B JIYHKH Hccaeayemyro U mapkepHyto JIHK. 11 noBblieHnst TOYHOCTH
omnpeneneHus pazmepa mapkepuyto JIHK HaHOCAT 110 00€ CTOPOHBI OT UCCIIETYEMOIA.
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9. IIpoBogsT snexTpodopes npu rpaaueHte HanpspkeHHocTH | — 10B Ha 1 cM remst.

10. ITpocmarpuBaroT renb B Y d-cBeTe Ha TpaHCHUIUTIOMUHATOPE U (hoTorpadupyroT.

Oxkpacka /IHK

[Tpu snexkTpodopese ucnosb3yeTcs JiBa TUIA KpacuTelel (JIuaupyromme u (GiaroopeciieHTHbIe). B
Ka4yecTBE JMAMPYIOIUX KpacuTelel HCIOIB3YIOT OpoM(EHONOBBIA CHHHUH, OpaHkeBbll G,
KPE30JIOBbI KpacHBIN, KCUJICHIIMAHO. DTU KPAaCUTENIN IBUXKYTCS B TOM K€ HalpaBiICHUH YTO U
JIHK, HO ¢ pa3Hoii ckopocTbio (pucyHOK 3). 3Has pazmep JAHK npoaykra, MOKHO OLIEHUTH €r0
MOJIO’KEHUE B TeJIe MO MOJIOKEHUI0 MHAUMKATOpHBIX Kpacutenei. s nerekuuu JIHK B rene
UCTIONIB3YIOTCS Pa3NIUYHbIe ()IFOOPECIICHTHBIE KPACUTENN, KOTOpPhIE CIOCOOHBI CBSI3BIBATHCS C
nsynenovyeunoi JIHK u cBeTuThes B ynbTpaduiieToBOM CBETE.

PactBops!

1. 10x TBE 6ydep (Tris-Borate-EDTA): 108 r Tpuc ocHOBHOTO, 55 T O0OpHOI KHCIOTHI, 9.3 T
OTA HarpueBoii comu, nqoBectu 10 | nutpa nemonmsoBanHOW Bomoil. pH 8.3 u He Tpebyer
JOBEJICHUSI.

2.50x TAE , (Tris-Acetate-EDTA): 242 r Tpuc ocHOBHOT0, 57.1 MJI JIeZSTHON YKCYCHOW KHCIIOTHI,
100 mi1 0.5M EDTA, nosectu no 1 nutpa aemonuszoBanHoi Bogoul. Jloectu pH no 8.5. TAE
Oydep npu HarpeBanuu (B ommuue oT TBE) "HeycroitunB" u uToOBI Bce OBLIO OK, CIEAyeT
araposy pacTBOPATH B BOJIE, a TOTOM B 3TOT pacTtBop A00aBisath TAE (50x).

3. Arapo3sa: ansa 1% rens - cmemats 100 M Bozabl U 1 rpaMMm arapossl B CTEKJISIHHOM MOCyIE.
JoBenute pacTBOp 10 KUIEHUS B MUKPOBOJHOBOM MEYM MPU BHICOKOW MOIIHOCTH. BhiTammre
COCyJl M3 MEYd U pa3MellaiTe A0 pecyCHeHAUPOBAHMS OCeBIIEH araposbl. Oxiaaute a0
TeMIiepaTypbl, KOMGOPTHON HJisi JajmbHelmeld padoTel. B MepHOM HIIIMHIpE TOBEAUTE 00HEM
TUCTHILTHPOBaHHOM Bomoi 1o 100 mui. B dopmy mutst rens ycTraHOBUTE rpeOeHKY 1Mo OyayIime
ayHkH. Bneiite oxnaxaeHHyto arapo3y B opmy. 4. 6x Oydep s BHeceHus B TyHKY rensi: 0.25%
O6pomdpenonoslii cunuit, 0.25% kcunenuuanon, 40% caxaposza wim 40% rauuepus B 1x TBE. 5.
bpomuctsriii atuauii EtBr: nis BHecenus B rens 10 Mr/mit B CTepHIIBHOM AUCTHILTUPOBAHHOM BOJIE.
s okpammBanus reneit 0.1 Mr/min B TMCTHIUIMPOBAHHON BOJIE

JladopaTopHas padora Ne3. Kinonuposanue IHK. Ilosmmepa3Has nenHas peakuusi

LEJIb: ocBonts KIIOHMPOBAHUE JIHK u ITL[P

KIIOHMPOBAHMUE B 6uonorun moapa3zymMeBaeT METOJ MOJYyYCHHsS HECKOJIbKUX HIIEHTHYHBIX
OpPTaHU3MOB ITyTeM OECTIOJIOTO (B TOM YHCJIe BET€TATUBHOIO0) pa3MHOKEHUs. TakuM criocobom Ha
IOPOTSDKEHUH MIJIJTHOHOB JIET Pa3MHOXAIOTCS B MPUPOJEC MHOTHE BHJIbI PACTEHHM U KUBOTHBIX.
Celiuac TepMHUH «KJIOHHMPOBaHHE» OOBIYHO HCIIONIb3YETCs B OOjiee y3KOM CMBICIE U O3HA4aeT
KOINMPOBAHUE KJIETOK, T€HOB, aHTUTEN U Ja)K€ MHOTOKJIETOYHBIX OPraHU3MOB B Ja0OpaTOPHBIX
ycnoBusix. [losiBUBIINECS B pe3ysibTaTe OECIONOro pa3MHOXKEHHUS SK3EMIUISPHI 110 ONPEeICHUI0
TeHETUYECKU OJMHAKOBBI, OTHAKO ¥ Y HUX MOXKHO HAOMI0/aTh HACIEJICTBEHHYIO H3MEHYHBOCTD,
0OyCIIOBJICHHYIO CIy4YailHBIMH MYyTallMsIMH WJIM CO3/1aBa€MYyIO0 HCKYCCTBEHHO JIaDOpaTOpPHBIMU
MeToaMu. B MoeKysipHOI reHeTHKe TEPMHUH «KJIOHHPOBATh T€H» 03HAYACT MOIYYUTh OOJIbIIOE
KOJMYECTBO ero komui in vivo. KnonmpoBanue ¢parmenta JIHK BkitouaeT HECKOJIBKO
MI0CJIEIOBATENIbHBIX 3TAIOB:

1) ITomyyenue ¢pparmenta JIHK (c moMomipio moamMepasHOW IEMHON peaKIiuu, Ui PECTPUKIINH )
2) BerpauBanue kiaonupyemoro (uyxkepoanoro) ¢pparmenta JJHK B BexTopHyto monekyny JJHK
(pecTpuKIHS ¥ JIUTUPOBAHKE);

3) IlpoHMKHOBEHHE 3TOW KOHCTPYKIHMHM B OaKTEpUANbHYIO KJIETKY-XO35SMHa (TeHETHYecKas
TpaHnchopmarus);

4) Unentudukanus KIeTok, coaepxkanmx pekomounantayio JIHK, u ux or6op (kak mpasuiio,
OCYIIECTBIISIETCS] HA CETICKTUBHOM cpeie)

5) TIonmyueHne HEOOXOIUMOIO KOJMYECTBA KJIETOK, cojepxkamux pekomOuHanTHyo JHK
(cobcTBeHHO KIIOHUpOBaHuE). [Ipr HEOOXOAMMOCTH HHIAYITUPYIOT AKCIPECCHIO KJIIOHHPOBAHHOTO
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TeHa B KJIETKAX-X035€BaxX M MOIYYar0T KOJAUPYEMbI UM OEIIOK

Omnpenenenne KOHUEHTPALMH HYKJIEMHOBBIX KHCJIOT

OnTHyeckasi IOTHOCTh PACTBOPA HYKJIEMHOBBIX KUCJIOT IIPH AJIMHE BOJHBI 260 HM, paBHad 1,
cootBercTByeT 50 mkr/miu ayxienodeunbix JIHK u PHK, 40 mxr/mn ogHonenoueunsix JJHK u
PHK u 20 MKr/mi onmuronykieoTuaoB. [1o U3BECTHON ONTHYECKOH MIOTHOCTH PacTBOPA MOXKHO
paccunTaTh KOHIIEHTPAIMIO, MKI/MKJI, IO COOTBETCTBYIOIIMM (GopMynamM: Uis IBYX Ilernei
noiauHykiaeoToB: AA260 x pazbasiaenue x 0.05; mis ommnounsix nemer JJHK: AA260 x
pazb6asnenne x 0.037; mms ommnounsix meneit PHK: AA260 x pas6aBnenue x 0.04; mist
onuronykineotunoB: AA260 x paszbaBnenue x 0.02, rme AA260 - pa3HUIlAa ONTHYECKHX
IUIOTHOCTEH pacTBOpa HYKJIEHUHOBBIX KHCIOT M PAaCTBOPUTEINS, KOTOPHIM MPAKTUYECKU BCerna
SIBJISIETCSL CTEpUJIbHAS IEMOHU30BaHHAs BOJIA.

PecTtpuxkums

Jnis ipoBeieHus! YCeUTHON peCTPUKIUN HEOOXOAUMO COOIIOAATh Pl YCIOBHIA.

1) Ucnionp30BaTh KOppeKTHBIN Oydep (mprmaraeMblii kK pepMeHTy)

2) KomnuectBo JIHK: Ot 1 no 10 mxkr, mockonbky Oonbmue konmdectBa JIHK yBenuumBaror
BSA3KOCTb pacTBOpA, YTO MPUBOJIUT K MHTUOMPOBAHUIO PEAKIIUU

3) KonnuectBo pepmenta: 1 enunnna va 1 Mxr JIHK. M36bITOK (hepMeHTa MOXKET IPUBOIUTH K
Hecrienuduaeckomy pacrnosnaanuio JJHK

4) O6weMm cmecu: ot 10 10 50 MK

5) Bpewms pectpukuum — 1-4 gaca. B HEKOTOPBIX CiydasiX AOMYCKAETCsl TPOBOJIUTH PECTPUKIIHIO
B T€UYCHHE HOYU MAJIBIM KOJIMYECTBOM (hepPMEHTA.

[Topsimok necTBuiA:

1. B muxponpoOupky BHectu 1 Mkr minazmuanoi JJHK

2. Buectu 3 MK pecTpuKIIMOHHOTO Oydepa

3. BHecTu pecTpukTa3y B 00beMe, COOTBETCTBYIOIIEM | eMHUIC aKTHBHOCTH,

4. loBectn 00beM cMecH 10 30 MKJT ICMOHM30BAHHOM BOJIOH, M IOCTAaBUTh B TEPMOCTAT Ha 2 Jaca.
Pe3ynbraT pecTpUKIMH MPOBEPUTH METOIOM 3JIEKTpodopesa.

Hedochopuanposanue JHK

1. Ha 50 Mk peakiinoHHON cMecH T00aBUTh:

5 Mkn necatukpatHoro Oydepa, 0.5-5 mxr IHK, nemonuzoBannas Bosna — 10 50 Mk, 1-2 Mkt (5-
10 en.) menounoii pocdarassl (mopsaka 1-2 exn. va 1 mxr JIHK).

2. Naxyo6uposats B Teuenue 0,5-1 gaca mpu 37°C.

3. Ouncrute JJHK renb-¢punbrpanueii, Ha CIUH-KOJIOHKAX WM IyTeM SKCTPAaKUUU (PEHOIOM-
XJIOPO(OPMOM € MOCIEAYIOMNM BbICaKuBaHUEM 96%-HbIM 3TaHOJIOM AJis yaaneHus ¢ocdaTasbl.
Peakuuio MOMHO TMPOBOIUTH TPSAMO IIOCHE pEaKUUH PECcTPUKUUH, BHOCS GocdaTazy
HEMOCPEJICTBEHHO B PECTPUKIIMOHHYIO CMECh.

B HekoTophIx cmydasx ObIBaeT yAOOHO MCIOIB30BaTh TEPMOIAOMIBHYIO MIEIOUYHYIO docdaraszy
u3 A. undina P2. B atom ciiygae Heo6xomumo nakyouposats mpu 25°C!!! (Muaky6anms nmpu 37°C
MPUBOJIUT K YACTUYHON MHAKTUBAIIUU

dbepmenTa).

Jluruposanue JHK

Jluraza (;mat. ligdre — cmmBaTth, COCIUHITE) — (DEPMEHT, KaTaJu3UPYIONUHA COCTUHEHHUE TBYX
monekyn JJHK ¢ o6pazoBanuem HOBOM hochopHOdPUPHOIL CBSI3U (JTUTUPOBAHUE).

Bydep ans nurupoBaHusi Kak IPaBUIJIO MOCTABISETCS B KOMILIEKTE ¢ (PEPMEHTOM M COJAEPKUT
AT®. IloaTomy nanHbIl Oydep HE clieayeT pa3MOpaKUBaTh MHOTO pa3 BO W30eXaHUE pacraja
AT®. ITpu neppoii pazmopo3ke Oydepa

pexkomeHayeTcs cierka HarpeTh ero (1o 35-37 °C) u HECKONIBKO pa3 BCTPSXHYTH 0 MOJIHOTO
pacTBopeHus ocajika. 3aTeM pacdacoBaTh ero HeOoapUMU 00beMamu (20-50 MKIT) B OTI€TTEHBIE
pOOUPKH, 3aMOPO3UTH U MCIIOJIb30BAaTh 3TH aJIMKBOTHI He Ooiee 2-3 pas.

Peakmuto nurupoBaHus cienyeT MPOBOAWTH B MUHHUMaTbHOM oObeme (10-20 MKi) ¢ 1enbio

®DopmaACrpannral2 us 27



MHHHCTEPCTBO HAYKH U BBICIIEr0 0Opa3oBaHus PO

. N ®dopma
VY bSHOBCKHI TOCYJapCTBEHHBIH YHUBEPCUTET

®-Paboyas nmporpaMma AUCHUTLIHHBI

yBenuueHus: KoHueHTpauuu koHioB JIHK, wu, coorBercTBeHHO S()(PEKTUBHOCTH CIIHUBKH.
Pexomennyemas konuentpamusa konmoB JHK — or 0.1 mo 1 MxM. Crnenyer yuectb, 4TO
3¢ (HEeKTUBHOCTh CIIMBKU BBICTYMAIOMIMX <JTAMKHUX» KOHIIOB BBINIE, YE€M «TYIBIX)» KOHIIOB.
Co0TBETCTBEHHO, 00JIee MPOTSHKEHHBIE «IUIKUE» KOHIbI CUIMBAIOTCS JIyUIle KOPOTKUX.
CraHapTHYIO peakLuIo JIUTUPOBAaHUSA MOXKHO MpoBoauTh npu 16 °C B Teuenue 0.5-2 yac. Ho B
OOJIBIIMHCTBE CIy4YaeB HAUIYUIIHE Pe3yIbTaThl JOCTUTAIOTCS IPU MHKYOUPOBAaHNUN peaKIMOHHON
cMecH B TeueHue Houu nipu 4-6 °C.

CootHomenne cmmBaemMbix (parmentoB JIHK mogbupaercs skcnepuMEHTaNTbHBIM ITyTEM.
Hanpumep, npu HE0OXOAMMOCTH CIIMBKM BEKTOPHOW IIa3MHIBI U (parMeHTa(0B) T€HOMHOM
JIHK M0XHO MCII0630BaTh cOOTHOMIEHUS OT 1:5 mo 1:0.5, cooTBeTCTBEHHO.

1. Ha 10 Mk peakiIMOHHOW CMECH CMEIIaTh

Peakimonnsrii Oydep (mecaTukpatHbiii) — 1 MKIT;

®parment JJHK 1 (0.1 mr/mi) — 1 MKt

®parment JIHK 2 (0.1 mr/mn) — 1-5 Mxo;

0.5-1 mxa (100 en.) T4 JHK nurassi.

Bona (Milli-Q) — mo koneunoro oobema 10 Mk

2. NuxyOupoBath B TeueHue 16 vac npu 4-6 °C.

3. [lonyuyenHnas aura3Has cMechb UCIIOIb3YeTCs s TpaHchopManuu OaKTepui.

IMoanmepa3Has enHas peaKkus

1) [IpuroroButs I11P cmeck:

- 10x Oydep st momumepasbl (OCTaBIIsIETCSI BMECTE ¢ (hepMeHTOM) — 2.5

MKJI

- JHK nonumepasza — 1 e1.akTUBHOCTH

- Cmecb fTHT® (10 MM pactBop kaxaoro) — 0.5 Mk

- IIpaiimep 1 (5 MxM pactBop) — 2 MK

- [Ipaiimep 2 (5 MkM pactBOp) — 2 MKJI

- JHK-matpura — 0.01 mkr

- H20 — no 25 Mxn

2) Cmech cMmemaTh, COPOCUTH Ha LIEHTPU(YTE, U TIOCTABUTH B aMILTU(PHUKATOP.

3) [Ipumepnas nmporpamma aMIUTUGUKAIIUN BEITISIUT CICTYIONAM 00pa3oM:

1-95 °C — 4 mun (nepBuunoe miasnenue JJHK)

2-95 °C — 30 cexk (mmaBnenue JJHK)

3-50* °C — 30 cex (oTxur mpaiiMepoB, *-remmnepaTypa OTKUra

paccuuThIBaeTCs MO MOCIeI0BaTeIbHOCTH Mpaiimepa

4-72 °C — 60 cex** (cunte3 JAHK, ** - BpeMs 31MOHramuM pacCYMTHIBACTCS UCXOJS U3 JIUHBI
cuHTesupyemoro ¢pparmenta, 1000 m.0. B MHHYTY)

[ToBTOpsATE MyHKTHI 2-4 30 pa3

5-72 °C — 5 muH (mocTpoiika He3akoHueHHBIX nenen [JHK

JlaGopaTtopHas padora NeS. Tpanchopmanusi 6aKkTepHATbHBIX KJIETOK

HEJIb: OcBouTh MeTO TpaHCHOPMALIUU KIETOK.

Tpanchopmanmeit HaspiBaeTcss mnepeHoc uyuctor JIHK w3 omHux xknetok B ApyrwHe.
Tpancopmanust Obiia oTkpbiTa Oakrepuonorom @. I'puddurcom B 1928 1. B omblTax ¢
ITHEBMOKOKKaMH.

[Ipouecc, B pesynbrare KOTOpOro »dk3oreHHas (pexombObunantHas) JIHK mnponukaer B
PELUIINEHTHYIO KJIETKY M BbI3BIBAET Yy HEE HAcleIyeMble H3MEHEHHUs, Ha3bIBACTCS
Tpanchopmanueld. ['eHeTmueckn  TpaHCPOPMUPOBAHHBIC  KJIETKM  TPUHATO  HA3bIBATh
Tpanc@opmanTamMu. OU3NOIOTHUECKOE COCTOSIHUE KJIETKH, B KOTOPOM OHA CIIOCOOHA MOTJIOMIATh
HYKJIEMHOBYIO KHUCJIOTY M3 OKPY)KAIOILIEH Cpeibl, Ha3bIBAETCSl KOMIIETEHTHOCTHIO. Psin GakTepwmii
00Ja1al0T TPHUPOJHON KOMIIETEHTHOCTHIO, OJIHAKO MHOTHE OakTepuu, a TakkKe IPOXKH U
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KyJIbTHBHPYEMbIE KJICTKU PACTCHUI M KUBOTHBIX MPHUPOJIHON KOMIIETEHTHOCTHIO HE 00Ja/1at0T,
MO3TOMY BOCIIPUUMYHUBOCTH K dk30oreHHON [IHK y HUX mHAynupyioT mytem (pu3nyeckoro wim
XUMHYECKOTO BO3JCHCTBUS.
HoctynmapiM 1 3 dexTuBHBIM MeToAoM TpaHchopmaruu kimetok E. coli ssasercs CaCl2-
3aBUCHMasl colieBasi TpaHchopmanus: B IPUCYTCTBUM HOHOB Ca2+ M OJHOBAJICHTHBIX KaTHOHOB
Ha xousoze (0 °C) ¢ mocaeayronmM TerIoBeIM IIOKoM (42 0 °C) KIeTKH MOoTIomaT J00aBIeHHYIO
B cpeny sk3orennyro /JIHK. Haubonee 3¢ (hekTHBHO KOMIETEHTHOCTh MHAYIIMPYETCS B AKTUBHO
nexammxcs Kierkax E. coli.
Pazpaboran psn  MomamduKanmuii  JaHHOTO  METOAa, NOBBIMAKINX  A()PEKTHBHOCTH
TpaHchopMaIuu KIETOK.
B mocnennee BpeMs AN MHAYKIHH KOMIIETEHTHOCTH M TpaHC(OpMalMM KIETOK aKTHBHO
HCITOJIB3YIOT METO/T DJICKTPOIIOPAIIMH: KPaTKOBPEMEHHOE Bo3ieicTBHE (5-20 MC) 3JIEKTPUUIECKOTO
MOJISE BBICOKOM HAIPSHKCHHOCTH Ha KJIETOYHYI0O MEeMOpaHy MPUBOIUT K (POPMUPOBAHUIO TIOD,
BpeMsl CYIIIECTBOBAHUS U pa3Mep KOTOPBIX JOCTATOYEH Ul epexoia B kietky monekyn JIHK u3
BHEIIHEN CPEBI MO JEUCTBUEM OCMOTHYECKUX CHIL.
3ananue 1. [losryyenune komnereHTHbIX KJIeTOK E. coli
PeakTuBbl 1 MaTepuabl
1. Knerku E. coli, mrammer DHS5, HB101, IM109 wim npyrue;
2. Cpena LB (1 r nmenToHa, 0,5 r gpoxokeBoro skcrpakra, 1 r NaCl pactBoputs B 100 M1 BoIbI;
nosectr pH o 7,5 ¢ momonipto NaOH; crepunu3oBath aBTOKIaBUpoBaHUEM B pexume 0,5 atm
30 Mun);
3. Cyrounas kynbTypa kieTok E. coli ma wamkax Ilerpu ¢ arapom LB (K 100 mn cpexst LB
no6aBuTh 1,5 T arapa; cTepuiIn30BaTh aBTOKJIaBHpoBaHueM B pe xume 0,5 atm 30 MuH; 0XJ1a1UTh
1o temnepatypsl 50 °C, paznuth B vamiku [lerpu. Ilocne 3acTpiBanus arapa 4Yaliku MOJCYIIUTb.
[TocesTs Ha yamku ¢ arapom LB kynbtypy kietok E. coli, m”HKyOMpoBaTh yalku B TepMOCTaTe
ripu 37 °C 16-20 9acoB 10 MOSBJICHHUS BUTUMBIX KOJIOHHHN THaMETPOM 2-3 MM);
4. PactBop RFI (K 130 mu Bonsr mo6aButs 2,4 T RbCl, 1,98 r MnCI24H20, 6 mn 1 M pactBopa
arterata K ¢ pH = 7.5, 0,3 r CaCl2 2H20. Hosectu pH pactBopa mo 5,8 ¢ momompio 0,2 M
yKcycHoU kucnothl. Jlo6aButh 30 r riumnepuHa, 10 BeCTH BOAOH o0beM pacTtBopa 10 200 mu.
Crepmiin3oBaTh MOJYYEHHBIH PAacTBOpP MPOIyCKaHWEM depe3 MeMOpaHHbIH (UIBTP C MOopaMu
nuamerpom 0,22 MKM);
5. PactBop RFII (K 150 mu Bombr mo6asuts 4 M 0,5 M MOPS Gydepa ¢ pH = 6,8, 0,24 r RbCl,
2,2 r CaCI22H20. Hdosectu pH pactBopa 10 6,8 ¢ momomisio NaOH. Jlo6aButs 30 r roumepuna,
JIOBECTH BOAOH 00beM pacTBopa 10 200 mur.
Crepmiin30BaTh MOJYYCHHBIH PAacTBOpP MPOIyCKaHHWEM dYepe3 MEeMOpaHHBIH (UIBTP C MOpaMu
nuametrpom 0,22 MKM);
6. Jlen
7. IIpoOupku miacTukoBbie 00beMoM 1,5 M1 11 2 MIT;
8. OgHOpa30BbIe HAKOHEUHUKH BMeCTUMOCTBIO 1-20 Mk, 1-200 Mk, 100-1000 mxo.
Obopyoosarue

1. Ileiikep TepmocTaTupyemslii ¢ miaardopmoii 1 meiikepa (37 C)
Cnexrpodoromerp
Lentpudyra
Jo3atop ogHokaHanbHBIH (100-1000 MKT)
CrepunbHble numnetku (00bem 5 mut u 10 mur)
Crepunbhbie ¢urakors! (06beM 20 mit 1 500 M)
[Tetns GakTepuosornyeckas
CrepunbHbie eHTpUPY)KHBIE MPOOUPKHU (00BEM 50 MIT)
CrepuinbHbIe STITIEHAOP(BI
Brimonaenue paboTsl

A e R Sl
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1. B crepunbHbIi (1akoH cTEpUIIbHOI nUneTKon oTo0patsk 5 mit cpest LB.

2. C dyamkm C CyTOYHOM KynbTypoir kieTtok E. coli mernmeld oroOparbh OJHY XOpOIIO
M30JIMPOBAHHYIO KOJIOHUIO JHaMeTpoM 2-3 MM U pecycneHIupoBaTh €€ B 5 miu cpenasl LB.
NuxyOupoBaTh MOYYEHHYIO CyCTIeH3UI0 KIeTokK E. coli mpu BeTpsixuBanum (Ha kavaike) npu 37
C 12-16 gacos.

3. CtepusibHOM TIUTIETKOM 0TOOpaTh 1 M1 moimydeHHOU KyabTypbl KieTok E. Coli u mo6aBuTh ero
kK 100 mia cpenst LB. MukyOupoBats cycnensuto kinetok E. coli mpu BerpsixuBanuu npu 37 C.
[Tepuoanyuecku CTepUIbLHO OTOMPATH MPO OBl U ONPEAEIATH ONTHYECKYIO TUIOTHOCTh CYCIEH3UU
KJeToK npu e BostHbl 590 HM (D590). TToapactuts KynbTypy Kierok E. coli go miotHoCTH,
nipu kotopoit D590 =0,5.

4. CTepuibHO Pa3IUTh MOTYYEHHYIO CYCIIeH3HIO KIeTOK E. coli B 4 ieHTpu ]y HbIE TPOOUPKH I10
24 mn (Vaau). MakyOupoBaTh TpOOUPKH BO JbAY 15 MUHYT.

5. Hentpudyruposats cycneH3uto kietok B pexume 3000 06/mun, 4 C, 10 MunyT.

6. CnuTh HaJO0CAIOUHYIO0 XUIKOCTh. K ocaaky kieTok B HeHTpUYKHBIX MpoOupKax N100aBUTh
oxJaxaeHHbIH BO mpAay pactBop RFI (1/3Vhau, T.e. 8§ mi). OCTOpOXHO pecycCrleHIupoBaTh
KJIETKH, Bpalas Ipooupku Mexay JiagousmMu. HkyOupoBaTh mpoOupku Bo b1y 40 MuH.

7. HentpudyruposaTh cycneH3uto kietok B pexume 3000 06/mu, 4 C, 10 MunyT.

8. Cauth HaJgOCaqOUHYIO KUAKOCTh. K ocasky KieTok B HEeHTpUQYKHBIX TpoOHpKax A00aBUTH
oxyaxaeHHbIN Bo by pactBop RFII (1/12,5VHau, 1.e. 1,92 mi1). OCTOpOXHO pecyCreHIupoBaTh
KJIETKH, Bpalasi IpoOOUPKU MEXIY JIaJOHSIMH.

9. Paznuth momyueHHyI0 cycneH3uio kietok E. coli B crepuibnble snneHnopgsl mo 0,2 mi,
3aMOPO3UTh KJIETKH B )KUAKOM a30Te€ U XpaHuTh mipu — 70 C.

3ananmue 2. Tpancopmanus kietTok E. coli pekoMOMHAHTHBIMHE IJIA3MHUIHBIMU BEKTOPAMU.
Peaxmuevl u mamepuanvt

1. CycneH3ust KOMIETEHTHBIX KIeTOK E. coli, 3aMopokeHHast 1 XpaHsIasicst Ipu TEMIIepaType -
70 C;

2. [Ipemapat BexTOpa co BcTaBkoi 1eneBoro ¢pparmenta JJHK;

3. Cpena LB (1 r mentona, 0,5 r apoxokeBoro 3kctpakrta, 1 r NaCl pactBopuTh B

100 mn Boxbl; noBectu pH no 7,5 ¢ momompto NaOH; crepuin3oBaTth aBTOKJIABUPOBAHHEM B
pexume 0,5 atm 30 MuH);

4. AMnunuiuinH (BOJHBIA pacTBOp ¢ KOHIEeHTpanuel antnonoTuka 100 mMr/mn);

5. Hamkwu Iletpu ¢ arapom LB, coxepxamem amnummud (K 100 mu cpenst LB no6asuts 1,5 T
arapa; CTepuIM30BaTh aBTOKJIaBUpoBaHUeM B pexxume 0,5 atm 30 MUH; 0XJIaIUTh A0 TEMIIEPaTyphI
50 C, no6aButh amMmnuiuuTHH B cooTHomeHnu 1:1000, paznuts B amiku [letpn)

6. OnHOpa30BbIe HAKOHEYHUKU BMeCTUMOCThIO 1-20 MK, 1-200 Mk, 100-1000 mkJt.
Obopyoosarue

1. Bonsuas 6ans (42 °C)

2. llleitkep TepMocTaTupyemsiii ¢ maTdopmoit 1 meikepa (37 °C)

3. Lentpudyra MiniSpin (Eppendorf).

4. Tepmoctat mis yamek [lerpu (37 °C)

5. Jo3atop oaHokaHanbHbIH (0,5-10 MK)

6. Jlo3aTop ogHOoKaHanbHBIH (20-200 MKIT)

7. Ho3zatop oaHokaHanbHbINA (100-1000 Mx1)

Brimonnaenue paboTsl

1. ITpoOupka ¢ 3aMOPOKEHHBIMH KOMITETEHTHBIMU KieTkamu E. coli (00beM CyCIieH3uH KJIETOK
0,2 MJ1) OTTauBaET BO JIBAY.

2. JobGaBute 10 MKkJ mpemapara BeKTOpa cO BcTaBKoil 1meneBoro ¢(parmenta JIHK (mocne
MPOIIEYPHI TUTHPOBAHHUS ); OCTOPOKHO TMEPEMEIIaTh COACPKUMOE TPOOUPKH, Bpalias MpoOHpKy
Mexay nanonsamu. (KoHueHnTpaius BeKTopa B mpenapaTte 1mocie JUrupoBaHust 1 MKr/mi).

3. NuxyOupoBath mpoOupky Bo Jibay 40 MUHYT.
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4. TemnoBoit mok. OCTOPOKHO MOMECTUTH MPoOUpKy Ha 90 CeKyHI Ha BOASHYIO OaHIO C
temnepatypou 42 °C.

5. uky6upoBath npoOupKy Bo Jbay 30 MUHYT.

6. Jlo6aBute 1 M cpenbt LB 06e3 anTmOmoruka. MHKyOuMpoBaTh KyJbTypy NpHU Ciabom
BCTPSIXUBAHUHU WM B CyXOM TepMmocTare 45 munyT nipu 37 °C.

7. Jlo6aBUTh aHTUOMOTUK aMOUIMUIMH B cooTHomeHnu 1:1000 (KOHIEHTpamus HWCXOIHOTO
pactBopa amnuuusuimHa 100 Mr/min).

8. Orobparp 0,2 MI cycneH3WHM KIETOK M TOCeaTh WX Ha dvamky IleTpu, comepxkarryro
arapus3oBaHHy10 cpeny LB ¢ aMnmunimmmHoM. PacTepers CTepUiIbHBIM IIITATEIEM.

9. OcTaToK KyJbTYphl KJIETOK B MPOOUPKE CKOHLEHTPUPOBATH MyTEM LIEHTPUPYTHPOBAHUS MPU
9000 o6/muH 1 MuHYTY. BombIIyI0 YacTh HA0CAIOYHON KUAKOCTH YIAATUTh NHneTkoi. Ocamnok
KJIETOK PECYCHEHIMPOBATh U MOCeSITh Ha Yalky [leTpu, coneprkaiyro arapu3oBanHyio cpeay LB
¢ aMnuUWUIMHOM. PacTepers cTepuiIbHBIM IITIATEIEM.

10. UuxyoupoBath vamiku 16-20 gacoB B TepmocTare npu 37 °C (Jamku B TEPMOCTAT CTABUTH B
NepeBEPHYTOM MOJIOKEHUH arapoM BBepx!). Hamiku ¢ Bbl pOCIIMMH KOJTIOHUSIMU KJIETOK SIBISIOTCS
OuOIMOTEKON. XpaHUTh UX B XOJOAUIbHUKE Mpu 4-8 °C B mepeBepHYTOM IOJOKEHHUH (arapom
BBEpX!).

11. Tlocne mosiBIeHUs BHUAMMBIX KOJOHHMM KieTok E. coli quamerpom 2-3 MM C MOMOIIBIO
HUTPOIEIUTIONO3HOTO (PUIbTpa clenarh OTHEYaTOK KOJOHWK Ha CBexyr damky Iletpu ¢
arapu3zoBaHHOU cpenoi LB n amnunumimaoM. Vi ¢ MOMOIIBIO CTEPUIIBHBIX CIIUYEK NIEPECEATh
BBIPOCIINE KOJOHMM Ha CBexue dawmku Ilerpu ¢ arapom LB M aMIMOIWIIMHOM IITpUXaMU B
omnpeneneHHOM Topsiike. HkyOupoBaTh HOBbIe damku [lerpu 16-20 yacoB B TepmocTare mpu
37°C (4amku B TEPMOCTAT CTaBUTh B IIEPEBEPHYTOM IOJIOKEHUH arapoM BBepX!) 10 MOSABIEHUS
BUJIUMBIX KoJIOHWH. [lanHbie yamku [leTpu mcmonp3oBaTh A MOWCKA (CKPUHUHTA) KOJOHHM,
coJiepKaliX BEKTop ¢ neneBbiM pparmentom JJHK.

Odopmienue pe3yabTaToB pabOTHI

Tema 3. Jkcnpeccusi U BbljleJIeHUE HeJ1eBbIX 0€JIKOB

JlaGopaTtopnas padora Nel. OT00op mITAMMOB POAYUEHTOB 0€JIKOB

HEJIb: OT60p mraMMOB MPOAYLICHTOB OEIKOB

1. OnHy KOJIOHUIO ¢ 4amku ¢ TpaHchopmanTamu nepeHectd B 1 mia LB ¢ coorBeTcTBYyrONIMM
AHTUOMOTUKOM, U MHKYOUpoBaTh B TeueHune Houu npu 37 °C Ha melikepe-unkyoarope mpu 200
00/MuH. *

* KonnuecTBO OTAENBHBIX KOJIOHHH Bappupyercs oT 1 10 makcumansHoro (10 9 wim 18 u T. 1.,
9TOOBI TOMECTHJIOCh Ha OMWH Wi 1Ba U T. 1. [TAAI-remeii). OmHa KOJIOHHUS SIBIISICTCS
KOHTPOJILHOM — B HEee He JJ0OaBJIAETCS] UHIYKTOP.

2. 200 MKJI HOYHOU KYJIBTYpbl peKOMOMHAHTHBIX mTaMMOB E. coli mepenectu B 2 mut cpenst LB u
BhIpaluBaTh 2—3 4Yaca Ha mieilikepe-unkyoarope mpu 200 o6/mun npu 37 °C 10 TOCTHKEHUS
OI1600=0.8.

3. JIna cusaTHA perpeccud U MHIYKIMM Turneprnpoaykuuu Oenka BHectu UIITIT no xonewynoi
KOHIIeHTpanuu | MM (g ma3Muz ¢ JIaKTO3HBIM omeparopom), win AI'T 10 KoHEYHOMH
KoHIeHTparuu 0.2 MKr/MJI (1S TUTa3MUJL C TETPALIMKIMHOBEIM OIEPaTOPOM), WIIH apabHHO3Y JI0
KoHeuHOH KoHeHTpauuu 0.2% (a1 nna3Mug ¢ apabMHO3HBIM ONEPATOPOM), U KYJIBTUBUPOBATH
4 gaca nipu 25-30 °C Ha metikepennkyoarope mpu 200 06/MuH.

4. 30 Mxn cycreH3uu KiIeTok cmemarbh ¢ 10 Mkin 4-kpatHoro Oydepa SB (cm. pazgen 2.8) u
uHKyOupoBathb npu 95 °C B Teuenue 10 MuH.

5. IIpo6b1 ananmu3upoBaTh ¢ momotisio [TAAT snexkTpodopesa B A€HATYPUPYIOIIHNX YCIOBHUSIX.

6. OcraBmuecss TmoOciAe TNPUTOTOBICHHS TpoOd uId  dJekTpodope3a KIETKH coOpaTh
HeHTpU(YTUPOBaHUEM B TeueHHUe 2 MUH TIpH 13 ThIc. 06/MuH OO0 B TeueHue 10 MuH mipu 3 ThIC.
00/MUH. Y 1anuTh HaIOCAIOUHYIO )KUIKOCTh. XpaHUTh mpu -20 °C.

JlaGopaTtopHasi padora 2. I'mmepnpoaykuusi 0eiqxkoB B KJjeTkax E. coli m moayuyenue
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KJIETOYHBIX IKCTPAKTOB

LEJIb: N'mmepnpoaykius 6enkoB B kieTkax E. coli u momydeHne KIeTOYHBIX YKCTPAKTOB

1. CockpecTH ¢ YallKi HEKOTOpOE€ KOJMYECTBO KIETOK peKOMOMHAHTHOro mramma E. coli u
nepeHecT ux B 50 mit cpesl LB ¢ cOOTBETCTBYIOMMM aHTHOMOTHUKOM U MHKYOHPOBATh B TCUCHUE
Houu nipu 37 °C Ha meiikepe-unkyoarope mpu 200 06/MuH.

2. B 450 mut cpeast LB ¢ coOTBETCTBYIONUM aHTHOMOTHKOM 3acesaTh S0 MJI HOYHOUM KYJIBTYPBI
pexombuHanTHoro mrtamma E. coli u uakyOupoBath B TeueHue 2 yacoB npu 37 °C Ha meiikepe-
nHkyOarope npu 200 o6/mMun 10 OI1600~0.8.

3. Ho6asute UIITT no xoneuHoi koHieHTpanuu 1 MM, mu6o AI'T 10 KOHEYHON KOHIIEHTPALUN
0.2 mxr/mi, mu6o L-apabunosy no koneuHoi koHieHTpanuu 0.2% u KyJIbTUBHPOBATH 4 yaca npu
25-30 °C na weiikepennkyoarope npu 200 06/MuH.

4. Knetku coOpath ¢ MOMOIIBIO IEeHTPUGYyTUpOBaHUs B TeueHue 15 MuH npu 4.4 ThiC. 00/MUH.

5. Knerku pecycnenauposats B 20 ma Oydepa DB mis nocnenyromeit ounctku Ha Ni-NTA
cedapose mu60 B 20 mut StW Oydepa 115 moceayromieil OunCcTKH Ha CTPEN-TaKTHH cedapose.

6. PaspymmrTh KJIETKM Ha YIbTPa3ByKOBOM Je3uHTerparope mpu 22 kI Bo apay (7-10
03BYYMBaHUM 10 | MHH C epepbIBaMH 10 | MUH TSI OXJTKICHNUSA).

J1i1s1 3TOTO (haKOH € CyclieH3uel KJIeTOK HOMECTHTD B KPYTIYIO K0JI0y C IITOCKUM JTHOM (00beMOM
au60 100, mubo 250 mit) mpeaBapuTENHHO HATIOJHEHHYIO JIBJIOM M BOJOMW; OIYCTUTH B (DAJIKOH C
CYCIIEH3UEH KJIETOK KOHUMK Y 3-30H/1a, KaK MIOKa3aHO HA PUCYHKE HIDKE.

7. Ilomy4eHHBIN KJIETOYHBIN SKCTPAKT IEHTPUGYTHPOBaTh B TeueHue 15 muH nipu 4.4 ThIC. 00/MUH
¢ oxnaxkaeHueM 10 4 °C 11 yjaeHusi KpyIHbIX KJIETOUYHBIX 00JIOMKOB (J1ebpuca).

8. [lomy4eHHBIN KJIETOYHBIN SKCTPAKT IMEPEHECTHU B AMMEHAOPGHI U IIECHTpUPYTHPOBAThH B TCUCHUE
15 mMun npu 13 1hIc. 06/MHH c oxnaxaeHueMm a0 4 °C 20 ans yaajgeHHs METKUX KIETOYHBIX
00JIOMKOB U 3aT€M HCIOJIb30BaTh A apduHHOI XpomaTorpaduu.

OdopmieHne pe3ynbTaToB padOThI

JlabGoparopHas padora 3. Ouncrka 0eaxoB Ha Ni-NTA cedapo3se

HEJIb: Ouncrka 6enkoB Ha Ni-NTA cedapoze

Xpomatorpapuio OCJIKOB, COJEp)KAIUX T'e€KCaruCTUIWHOBBIN Tar mpoBoauTh Ha Ni-NTA
cedapose.

1. 2 mu cycniens3uu Ni-NTA cedapo3sl mOMeCTUTh B KOJIOHKY 1yt ahGUHHON XpoMaTorpadum.

2. [ToAroTOBUTH KOJIOHKY K OYUCTKE Oenka myTeM mpoMbiBanus cedapossl 5 mi Oydepa HisW.

3. [IoaroToBUTH KIETOYHBIN SKCTPAKT 11 HAHECEHUSI Ha KOJIOHKY KaK OMHUCAHO B MPEIbIAYILEH
nabopaTopHoii pabore.

4. 50 MKJI KJIETOYHOT'O SKCTPaKTa COXPAHUTh IS JaibHEHero aHanmmsa (mpoda 1).

5. IIponycTUTh uepe3 KOJOHKY KIETOUYHBIM 3KCTPAKT 3 pa3a, MOCKOJIBKY HE BECh IIeJICBON OEJIOK
cBs3bIBaeTCs ¢ cedapo3oii 3a 1 mpomyckaHue.

6. 50 MKJ KJIETOYHOTO SKCTPAaKTa IOcje IMPOMYCKaHUs 4Yepe3 KOJOHKY COXPaHHUTh JUIs
JnanpHenIero anaiausa (mpooa 2).

7. Kononky mpombITh Oydhepom HisW, Hanuume He CBSA3aBIIETOCS C HOCUTENIEM Oellka MPOBEPsSITh
npu momomu pactBopa bpaadopa. IlpomeiBate 10 Tex mop, moka pactBop bpaadopa He
NEPECTaHET CUHETD.

s mpurorosnenus 10 mur pabodero pactBopa bpandopa Heooxoaumo 5 mi pactBopa bpaadopa
CMEIIATh C 5 MJT ICMOHU30BAHHOMN BOJIbI B MAJIEHHKOM CTEKJITHHOM CTaKaHYUKE, MPEBAPUTEIHHO
oOpaboTtanHbsIM 96% criupTom.

B 10 nyHOK 96-11y4HOUHOTO TUIAHIIETa, TPEABAPUTEIHLHO 00paboTaHHOTO 96% CcriupTOM, Pa3IUTh
no 200 Mkt pactBopa bpaadopa. [IposepsaTe Hannure Hecrienupudeckux 0eakoB cmemnienneM 30
MKJT Oy(epa, BEIXOSIIEro U3 KOJOHKH ¢ pacTBopoM bpandopa.

8.CeszaBmmiicst 6emok smoupoBath Oydepom HisE. DmoupoBars 10 Tex mop, Moka pacTBOP
Bpandopa noareepxaaer Hamuuue Oenka Bo ppakiuu (CUHEET).

B 10 nnyHOK 96-1y4HOYHOTO IUTaHIIETa, IPEeBapUTENbHO 00padboTaHHOro 96% ciupToMm, pa3inuTh
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o 200 Mk pactBopa bpaadopa. [IpoBepsaTs Hanwune CBSI3aBIINXCS OETKOB CMEIICHUEM 5 MKIT
Oydepa, BEIXOAIIETO U3 KOJIOHKH ¢ pacTBOpoM bpandopa.

9. locne »mo1uu TPOMBITH KOJIOHKY 5 Mi Oydepa HisW. XpaHUTh KOJIOHKY B XOJOJWIBHUKE B
oydepe HisW.

10. AnanuzupoBaTh (pakuuu 3aronun ¢ nomomusio [TAAL snexkTpodopesa B 1eHATYpUPYIOLIUX
YCIIOBUSIX.

Co BpemeneM Ni-NTA cedaposa TepsieT CBS3BIBAIONINE CBOICTBA U €€ HYKHO IMPOMBIBATh U
nepe3apsKaTh.

s perenepanuu Ni-NTA cedapossr (mist 1 M cedapo3sbl):

1. KonoHKy IpOMBITH 2 MJI ICMOHHU30BAHHOM BOJIBI.

2. Kononky pombITh 5 mit 0.2M DJITA pH 8.0 (cMbIBa€T HOHBI HUKEJIA).

3. Komonky mpompIiTh 5 M1 6M TryaHwamHa THApOXJOpHaa (yJauseT HecrnenupruIecKu
copOMpOBaHHBIC OCIKH).

4. Kononky npoMbITh 10 M1 1€MOHU30BaHHOM BO/IBI.

5. 3apsaauts koioHKy 2 M 0.2M NiSO4.

6. [TpombITh cehapo3y OT HECBSA3ABIIMXCS MOHOB HUKEIIS 2 MJT ICMOHU30BAHHOM BOJIBI.

7. llpomeiTh konoHKY 10 Mt Oydepa HisW.

8. XpaHUTh KOJIOHKY B X0noauiIbHuKe B Oydepe HisW.

OdopmneHne pe3ynbTaToB padOThI

JlaGopaTtopHas padora 4. Ouncrka 0esikoB Ha Strep-tactin cedpapo3se

HEJIb: Ouncrka 6enkoB Ha Ni-NTA cedapoze

OuncTKy G€NKOB CO strep-Tarom MpoBOJIUTH Ha CTPEN-TaKTUH cedapose.

l. 2 M cycneH3uu CTpen-TakTuH cedapo3bl IMOMECTHUTh B KOJOHKY Juid adduHHON
xpomarorpadumu.

2. [loAroTOBUTH KOJIOHKY K OYUCTKE OeNka myTeM mpoMbIBaHus cedapo3sl 5 mit Oydepa StW.

3. I1oArOTOBUTH KJIETOYHBIN SKCTPAKT JIJIs1 HAHECEHUS HAa KOJIOHKY.

4. 50 MKJI KJIIETOYHOTO SKCTPAKTa COXPAHUTh Ul AajbHelIero aHanum3a (mpoba 1).

5. IIpomyCTUTh uepe3 KOJOHKY KJIETOYHBIM AKCTPAKT 3 pasa, MOCKOJIBKY HE BECh LIEJIEBON OEI0K
cBsi3bIBaeTcs ¢ ceapo3oif 3a 1 mpomyckaHue.

6. 50 MKJI KJIETOYHOTO OKCTpaKkTa IOCJE MPONYCKaHUsS Yepe3 KOJIOHKY COXPaHUTh ISt
JManbHeWIero ananusa (mpooda 2).

7. Kononky nipoMbITh Oydepom StW, Halmuue HE CBA3ABIIETOCS C HOCUTENEM OelKa MpoBepsTh
npu nomomm pactBopa bpaadopa. [IpomsiBate 10 Tex mop, moka pactBop bpeadopn ne
NepecTaHeT CUHETb.

s npurorosnenwust 10 mi pabouero pacrBopa bpendopa nHeodbxomumo 5 mit pactBopa bpeadopa
cMemarb ¢ 5 M JCHOHHU3MPOBAaHHOW BOABI B MAJIEHBKOM CTEKJISSHHOM CTaKaHUYUKE,
npeaBapuTensHO 00paboTaHHBIM 96% CIUPTOM.

B 10 nnyHOK 96-1y4HOYHOTO IUTaHIIETa, IPEeIBapUTEIbHO 00paboTaHHOro 96% ciupToM, pa3inuTh
no 200 mxn pactBopa bpendopa. [IpoBepsaTs Hannuue Heciennuyeckux 6enkoB cMeriennem 30
MKJI Oydepa, BBIXOISIIET0 U3 KOJIOHKHU ¢ pacTBopoM bpeadop.

8. CaszaBmmiica Genok amoupoBaTh Oydepom StE. DmrompoBarh A0 TeX HOp, MOKa PacTBOP
bpaadopn moarBepkaaeT Hanuure 0eaka Bo (hpakiuu (CUHEET).

B 10 nyHOK 96-11y4HOYHOTO MJIAHIIETA, IPEABAPUTEIBHO 00paboTaHHOTO 96% CIMPTOM, PA3IUThH
o 200 mkn pactBopa bpendopa. [IpoBepsars Hamu4re CBSI3aBIIUXCS OCIKOB CMEIIEHUEM 5 MKIT
Oydepa, BEIXOAIIETO U3 KOJIOHKH ¢ pacTBopoM bpeadop.

9. AnamusupoBath (ppakiuu smronun ¢ nomoinisio [TAAD anekTpodopesa B AeHATYypUPYIOIITUX
YCIIOBUSIX.

10. TTocne a0ty MPOMBITH KOJIOHKY 7 MJT Oydepa juist pereneparuu StR.

11. TIpombITs KOMOHKY 15 M1t Oydepa StW.

12. ITpombITh KOsTOHKY S Mi1 0.1M NaOH.
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13. Xpanuth K0s10HKY B XonoaunsHuke B 0.1M NaOH.

Co BpemMeHEeM CTpen-TakTUH cedapo3a HaKaIIMBaeT Ha ceOe Hecnenuduiaecku copoOrupoBaHHbBIC
0eJKH, MO3TOMY €€ HY’KHO OYHILATh.

Jlnst perenepariu cTpen-TakTuH cedapossl (11t 1 M cedaposbl):

1. Kosonky pOMBITh 2 MJT J€MOHU30BAaHHOM BOJBI.

2. Konmonky mpombITh 5 My 6M TyaHwawHa THAPOXJIOPHAA ISl YAAICHHS HECTeUupUIECKA
COpOMPOBAaHHBIX OEITKOB.

3. Kosnonky nipomsbITh 10 MJT I€HOHU30BAHHOM BOJIBI.

4. Kononky mipoMbITh 10 M1 Oydepa StW.

5. XpaHuTh KOJIOHKY B XOJOIUIbHUKE B Oy(depe StW

PactBop mnst perenepamuu StR = 0.012 1 2-[4-ruppokcubenzenea3o] OEH30MHONW KHCIOTHI
(HABA) na 50 M 6ydepa StW;

0.1M NaOH = 0.2 r ga 50 M1 1eMOHU30BaHHOI BOJBI.

Odopmienue pe3yabTaToB pabOTHI

JlabopaTopnass pabora 5. OmnpeneneHue KOHUHeHTpauuu Oeiaka mo merony Mbdpuon
bpaadopa [Bradford, 1976]

HEJIb: Onpenenenre KoHIEHTpaluu 6enka mo meroay Mapuon bpaadopa [Bradford, 1976]
[TpuroroBnenue pacreopa bpaadop:

1. 0.02 r kymaccu G-250 pactBoputs B 10 M1 3TaHONA.

2. Jo6aButh 20 M1 opTodocOopHOIt KUCTOTHI.

3. loBectu 00beM pacTBopa 10 200 M IEHOHM30BAHHOMN BOJIBI.

4. IlomydeHHBIN pacTBOP OTHUIBTPOBATH UYepe3 OyMakHBINA (PHITBTP.

[TocTpoenne kaauOpPOBOUHOM KPUBOM:

1. [TpuroroButh BoaHbIi pacTBop BCA (Obr4uii chIBOpOTOUHBIN aibOyMuH) 10 Mr/mit.

2. PasBectu Bomsbiii pactBop BCA Bomoii B 10 pa3 (100 mxn BCA 10 mr/mum + 900 Mk
JIEMOHU30BAHHOM BOJIBI) 10 1 MT/MmiT.

3. Cmemats 1:1 pactBop bpaadopa u 1enoHn30BaHHYIO BOJY.

4. Paznute 1o 1 M1 o 6 anmenaopdam moaydeHHbIN pacTBOpP.

5. lo6aBuTs B anmenaopds 1, 2, 4, 8 u 16 mxa BCA 1 mr/mo.

6. Uepe3 5 MUHYT pa3BUTHS OKPACKH M3MEPHUTH IMOTJIOMICHUE 00pa3oB MPOTUB KOHTPOJIS MPHU
JUTMHE BOJIHBI 595 HM B KIOBETE C JJIMHOW ONTHYECKOTO IMyTH 1 cM.

7. IlocTpouTh TOUEUHYIO JUArpamMmy, BbICTaBUTh JIMHUIO TPEH/Ia, BEIBECTH ypaBHEHHUE HA TpaduK.
Koadpduuuent nepen X — koadpdunment pactopa bpandopa.

Omnpenenenne KOHLIEHTpALUU Oernka:

1. Cmemats 1:1 pactBop bpaadopa u 1enoHn30BaHHYIO BOLY.

2. B 1 M3 momydeHHOro pacTtBopa BHECTH | MK mcciemyemMol mpoObl Oenka (ecmu 1 MK
HEI0CTaTOYHO, TO BHECTH €IIIE; 3aT€M YUYECTh 3TO IIPH pacueTe).

3. Yepes 5 MUHYT pa3BUTHS OKPACKH U3MEPHUTH MOTJIOMICHUE 00pa3IOB MPHU JJIMHE BOJIHBI 595 HM
B KIOBETE C JUIMHOMN ONMTUYECKOTrO MyTH 1 CM.

4. Konnenrparnuto 6enka paccuurtarh 1o hopmyrie:

qucio, norydeHHoe Ha @OK x k03dd. p — pa bpaadopa /o6bem ucci. npodsl Oenka B MKI =
KOJIMYECTBO OesKa B MI/MJI

OdopmieHne pe3ynbTaToB padOThI

8. TEMATHUKA KYPCOBBIX, KOHTPOJIBHBIX PABOT, PEGEPATOB

Jannblii Bug paboThl He ipeaycMoTper YII.

9. INEPEYEHb BOITPOCOB K 3K3AMEHY
1. U3 kakux 4yacteil COCTOMT OaKTEepHAIbHBINA T'eH?
2. KaxoBo coBpeMeHHOE NpeACTaBICHNE OCHOBHOM JOTMBI MOJIEKYJISIpHOW OHOIIOTHuU?
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3. Uewm otnuuaercs knaccuyeckas [P or MynbTUIIeKCHON?

4. Mexanusm [1P. XapakTeprucTrika KOMIOHEHTOB PEAKIIMOHHON CMECH U OCHOBHBIX CTAJIUI
peakuuu.

5. CnocoOwsl moBbIIIeHHS d(dekTuBHOCTH W TO4YHOCTH KommpoBanus JIHK-matpuiisr.

XapakTepucTuka GepMeHTOB, HCIONb3yeMbIX B I1L[P.

6.

Cnoco6sr moBsimienus cnenuduunoctu [11IP. BiusHue TtemmepaTypbl, MOHHOW CHIIBI,

XAa0TPOIIHBIX ar¢cHTOB Ha CHeL[I/Iq)I/ILIHOCTB pCaKkmuu.

7.
8.
9.
10.
11.
12.

MopenvpoBaHnue KIIOHUPOBAaHUS TI0 MeTOy [ mOCcoHa.

Kakwue cymiectByroT TpeOoBaHus K IpaiiMepaM JUTst KIIOHUPOBaHUS?

Kakue oCHOBHBIE 3JIEMEHTBI BEKTOPA I KIIOHUPOBaHUA?

Uro Takoe cuctema P-M y Gakrepuii?

Kakue cyiiecTByIoT METOBI JIJIs1 HOKayTa reHa?

[loueMy B HEKOTOpBIX CiIy4asX HEBO3MOXKHO HCHOJab30BaTh JuHedHyro JIHK s

HOKQyTUPOBaHUS?

13.
14.
15.
16.
17.
18.
19.
20.
21.
22,
23.
24,
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.

Ha3zoBute ariekTUBHBIE MapKephl st 0TOOpa KIOHOB?

Kaxkue hepMeHTHI BXOIAT B peakiuio [ mOcoHa 1 KakoBbI UX QyHKIIUH?

KakoBbI mpenMytiecTBa KIIOHUpOBaHUs 110 Meroxy Gibson?

N3 kakux 3TanoB COCTOUT JH000M MeTo T TpaHChOopManuK OaKTepHii?

Kakum o0pa3om mpoucxoauT 0OMeH reHeTHIeCcKoi nHpopMmarueit y 6aktepuii?

YTo 03HAaYaeT NOHATHE KOMIIETEHTHOCTH?

Kakumu metogamu 1OCTUraeTcst COCTOSSHUE KOMIIETEHTHOCTH?

KakoBbI cx0oACTBa U pa3nuyusi reHOMHOW U iazmuanon JJHK?

Kaxkue cymecTByroT MexaHu3MBbl peruinkannu miasmuanon JJHK?

[To xakuM TIpU3HaKaM OCyIIeCTBIsAeTCs Kiaccudukanus miasMugabsix JJHK?

UYewm otiinuaercs HatuBHas miasmuaHas JJHK oT BekTopoB kinonupoBanus?

KaxoB o0Omuii mpuHITUT TOJIMMEPA3HOU [IETTHON peaKkiuu?

Kakwue cymecTByroT BUbl TOJIMMEPA3HOM LIETHOM peakiuu?

Kakue cyiiecTByIOT TUIIBI MOJUMEPA3 U JJIS1 KAKUX LeJIed UX IPUMEHSIOT?

Ha yem ocHOBaH (hu3ndeckuii MpuUHIMI IeKTpodopesa?

Kakwue cymiecTByI0T METOIbI BU3YyaIl3alluu 3eKTpodope3a HyKIEHHOBBIX KUCIOT?
Kak BeIOpaTh ONTUMANIbHBIN BapUAHT MPOBEACHUS AIEKTPOodope3a pa3IndHbIX MOJIEKYI?
Kak 3aBucut ckopocts nmwxkenus miazmugHon JJHK B rene ot ee popmbr?

Kak ouieHuTh pasmep HyKJIEHHOBOM KHCIIOTHI B rese?

Yro o3Hauarot cootHomeHus 260/280 u 260/230 npu u3mepenuun koHneHTparuu HK?
Kax n3MepuTh KOHLIEHTPALMIO HYKJIEMHOBBIX KHCIOT?

Kakue meronpl HMCMONB3YIOTCS Ul MIACHTU(PHUKAIMN PEKOMOMHAHTHBIX OaKTepUalbHbBIX

KJIOHOB?

3s.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.

Kakas cBsi3p Mexy mpomotopom T7 u mrammowm E. colli BL21(DE3)?

Kakwue renbl BXOJAT B COCTaB JIAKTO3HOTO orepoHa?

Kaxkoii MexaHu3m peryssiiuu 3KCIPEeCCHH JTJAKTO3HOTO OnepoHa?

st gero ucnonbdyercs IPTG B monexymnspHoit 6nonorun?

[Tpuntun adduaHOM XpomaTorpaduu?

Kak ncnonp3oBats adpuHHYI0 XpoMaTorpadust A1si OUUCTKU OETKOBBIX MOJEKY?
JInst kakuXx 1enield MOYKHO MCITONb30BaTh ahpGuHHYI0 XpomaTorpaduro?

Ha xaxom mpuHIMIIE OCHOBAH METO/I 3JIeKTpodope3a OENKOB B MOIHAKPUIAMHUIHOM refne?
Ha ocHOoBaHMM 4ero BrIOMpaeTCs MIOTHOCTD Tefis AJis anekTpodopesa 6eakoB?
Kakue cymiecTByroT METOIbI BU3yaTU3aIlH AIEKTPodope3a OEIKOBBIX MOJIEKYJ?
Kak n3mMepuTh KOHIICHTPAIIUIO OEITKOBBIX MOJICKYJT?

Kak onpenenuts unctory 0enkoB?

B ueMm cocTouT npuHIIUI OKpaITuBaHus OCITKOBBIX I'eie KyMacCu CHHUM?
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48. B uem cOCTOMT MPUHIIUI OKpAIIMBaHUS OCKOBBIX I'eJiell HUTPATHBIM cepedpom?
49. B deM cOCTOWT MPUHIINI OKPAITUBaHUsI OCTKOBBIX rejieil Zn/uMuaa3oiom?
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10. CAMOCTOATEJIBHAS PABOTA OBYYAIOIIIUXCA

dopma 00yueHHs: OuHas

Ha3Banue pa3nesnoB Bun Oo0bem dopMa KOHTPOJISI
U TeM CaMOCTOSITEJIbHOM B
padoThI qacax
Brenenue B reanyto | [IpopaboTka yueOHOTO 9 [TpoBepka JIOMAIITHETO
UHXEHEPUIO. [TpunHuumne! | Mmatepuana, 3aJaHusi, TECTUPOBaHUE,
KOHCTPYUPOBaHUS TECTUPOBaHUE, IK3aMEH.
PEKOMOMHAHTHBIX OPraHU3MOB | MOJATOTOBKA K cljaue
IK3aMeHa.
PaGora ¢ [IpopaboTka yueOHOTO 9 [Tposepka JTIOMAIITHETO
HYKJIEMHOBBIMH KUCJIOTaMH MaTepua’a, 3aJaHus, MpoOBEpKa
B 0aKTepHUATBHBIX KJIETKaX. TECTUPOBaHUE, nabopaTopHOil  paboThl,
Brigenenne JIHK u3 IIOATOTOBKA K cIaye TECTUPOBAHUE, HK3aMEH.
OaKTepHaTIbHBIX KIETOK. n1abopaTopHOil paboThI,
MOJrOTOBKA K cljaue
IK3aMeHa.
Brinenenune mazmugnoit JIHK | IlpopaboTtka yuedHOTO 9 [IpoBepka gjoManrHero
13 0aKTepHATbHBIX KIETOK. MaTepuarna, 3a/laHusl, IPOBEPKa
TECTUPOBAHHUE, nabopaTopHO paboTHI,
MOJTrOTOBKA K cAaye TECTUPOBAHUE, FIK3aMEH.
nabopaTopHO paboTHI,
MOJTrOTOBKA K c1aye
JK3aMeHa.
Knonuposanue JTHK. [IpopaboTka yueOHOTO 9 [IpoBepka qomariiiHero
[Tonumepasznas nienHas MaTepua’a, 3aJjaHus, MpoBepKa
peaxius TECTUPOBaHUE, nabopaTopHOii paboThI,
MOJrOTOBKA K cljaue TECTUPOBaHUE, SK3aMEH.
nabopaTopHOil paboThI,
MOJrOTOBKA K cljaue
9K3aMeHa.
Onektpodope3 HykIenHOBRIX | [IpopaboTka yuedbHOTO 9 [IpoBepka gjoManrHero
KHCIIOT U BU3YATH3AIHH MaTepuarna, 3a/laHus, IPOBEPKa
pe3yIbTaTOB TECTHPOBAHHUE, nabopaTopHO paboTHI,
MOJTrOTOBKA K cAaye IK3aMEH.
nabopaTopHO paboTHI,
MOJTrOTOBKA K c1aye
JK3aMeHa.
Tpancdopmarus [IpopaboTka yueOHOTO 9 [IpoBepka qoMariHero
OaKkTepuaIbHBIX KIETOK MaTepua’a, 3aJjaHus, MpoBepKa
TECTUPOBAHUE, nabopaTopHOil paboThI,
MOJrOTOBKA K cljaue 9K3aMeH.
n1abopaTopHOil paboThI,
MOJrOTOBKA K cljaue
9K3aMeHa.
DKCIPECCHs U BBIIEICHUE [IpopaboTka yueOHOTO 9 IIpoBepka gfoMaIIHero
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LIEJIEBBIX OEIIKOB

OT60p mITAMMOB MPOTYLICHTOB

0EJIKOB

MaTepuarna,
TECTHPOBaHUE,
MOJTOTOBKA K cl1aue
nabopaTopHO paboTHI,
MOJTOTOBKA K cl1aue
9K3aMeHa.

3a/laHusl, IPOBEPKa
nabopaTopHOH pabOTHI,
IK3aMEH.

I'unepakcnpeccust 6eKOB B
00JBIIIOM 00BEME

[IpopaboTka yueOHOTO
marepuara,
TECTUPOBAHUE,
MOJITOTOBKA K C1aye
nabopaTopHOii paboThI,
MOJITOTOBKA K C1aye
9K3aMeHa.

[IpoBepka nomarHero
3aJjaHus, MpoBepKa
nabopaTopHOiil paboThI,
9K3aMeEH.

OuucTka OEJIKOB.

OmnpeneneHne KOHIICHTPAITUH

6emnka o meroxy MapuoH
Bpandopn [Bradford, 1976]

[IpopaboTka yueOHOTO
MarepHana,
TECTUPOBAHUE,
HOATOTOBKA K Cllaue
nabopaTopHOiil paboThI,
HOATOTOBKA K Cllaue
PK3aMCHa.

IIpoBepka gomarHero
3aJaHus, IPOBEPKa
nabopaTopHOil paboThI,
JK3aMEH.

4. TpaHCreHHbIE pacTEeHUS U
KUBOTHBIC

[IpopaboTka yueOHOTO
MaTepuarna,
TECTHPOBaHUE,
MOJTOTOBKA K cl1aue
9K3aMeHa.

[IpoBepka nomarHero
3alaHusA, TCCTUPOBAHUC,
JK3aMeH.

5.I'enHas repanus

[IpopaboTka yueOHOTO
MarepHana,
TECTUPOBAHUE,
HOATOTOBKA K Cllaue
HK3aMCHa.

IIpoBepka gomarHero
3aJjaHusl, TECTUPOBAHHUE,
DK3aMEH.

11. YHEBHO-METOJUYECKOE U UTH®OPMAIIMOHHOE OBECIIEYEHHUE

JANCHUITINHBI

a) CnniucoKk peKoMeHayeMoil JIuTepaTypbl

OCHOBHAas

1.

3arockuna H. B. I'enernueckasi nakenepus : yueOHuK u npaktuky™m / H. B. 3arockuna. -
MockBa : HOpaiir, 2024. - 118 <c¢. - (Beicmiee o60pa3oBanme). - URL:
https://urait.ru/bcode/544770 . - Pexxum goctyna: DJIEKTPOHHO-OMOIMOTEYHAS CHCTEMaA
IOpaiit, nns aBTopus. nons3osatenei. - ISBN 978-5-534-16029-1 : 519.00.

3arocknHa H. B. buotexnonorus : yueOHuk u mpaktukym / H. B. 3arockuna, E. A.
Kanamnuxkosa, E. A. J)KuByxuna. - 4-e u3n. ; ucrp. u pon. - Mocksa : FOpaiit, 2024. - 384
c. - (Breiciee o6pazoBanue). - URL: https://urait.ru/bcode/543823 . - Pexxum moctyma:
DnekTpoHHO-0nOaoTeuHas cuctema FOpaiit, 11t aBTopu3. nosib3osarenei. - ISBN 978-5-
534-16026-0 : 1579.00.
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JAOIMOJTHUTECJIbHAsA

1. IlenkynoB, C. H. 'enerndeckas uHx)eHepus : ydeOHo-cmpaBodHoe mocobue / C. H.
[MenkynoB ; C. H. IllenkynoB. - Hoocubupck : CuOupcKkoe YHUBEPCHUTETCKOE
u3narTenserBo, 2017. - 514 c. - Kuura naxogurcs B npemuyM-Bepcun ObC IPR BOOKS. -
Texkcr. - ["'apanTupoBannbiii cpok pazmemnienust B ObC o 21.05.2023 (aBTomposioHTarms).
- 3JEKTPOHHBIN. - DNEeKTPOH. JaH. (1 daiin). - URL:
http://www.iprbookshop.ru/65273.html . - Pexum noctyma: DbC IPR BOOKS; s
aBTOpU3Hp. noib3oBarenei. - ISBN 978-5-379-02024-8.

2. Ilpomecchl m ammaparbl OMOTEXHOJIOTHH: (GEpPMEHTAIMOHHBIC aIlmapaTsl : y4eOHOe
nocobue 11t By30B / A. FO. Bunapos [u 1p.] ; mon penakmueii B. A. beikoBa. — 2-e usn.,
nepepad. u nmom. — Mocksa : M3nmarensctBo [Opaiit, 2024. — 274 ¢. — (Bwicmiee
obOpazoBanmue). —  ISBN 978-5-534-10765-4. —  Tekct : DIEKTPOHHBIA //
O6pazoBarenpHas miaTdopma FOpaiit [caiit]. — URL: https://urait.ru/bcode/539934

yueOHo-MeToauveckas (paspadorannas HIIP, peamuzyromumu OITIOII BO)
1. PacropryeBa E. B. buonnxunupunr. I'eHHas MH)XEHEpHsI : METOANUYECKUE YKa3aHUs JJIs
CaMOCTOSITENIbHOW pabOThl CTYAEHTOB M BBIIOJIHEHUIO MPAKTUYECKUX U JIJAOOPAaTOPHBIX
pabot st cryaenTo cnenuaibHocT 06.04.01 «buonorus», buodpapmumxkunupunr / E.
B. Pacropryesa ; VupsH. roc. yH-T. - 2024. - HeonyOmukoBanubiii pecype. - URL:
http://lib.ulsu.ru/MegaPro/Download/MObject/16382. - Pexxum noctyna: 9bC Yal'V. -
TeKCT : AIEeKTPOHHBIN.

CormnacosaHo:

—

Jlupextop Hay4yHoH OubinnoTekH  / bypxanopa M.M.  / # / 2024
00nUCy

Jlonxenocmy compyonura HayuHol uaiomexy DHO dama

0) [IporpamMHoe oOecrieueHue

Jiist 0Opa3oBaTensHOTO Mpoliecca CTyIeHTY HeoOxoaumo pabodee mecto ¢ [1K ¢ ycranoBIeHHBIM
CIICNYIOINUM MpPOrpaMMHBIM oOecriedeHueM: omeparuonHas cpema OC Windows/Linux; MS
Office.
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Ipogheccuonanvhvie bazvl OAHHBIX, UHHOPMAYUOHHO-CHPABOUHBLIE CUCTIEMbL

1. DnexkTpoHHO-01OIHOTEUHbIE CHCTEMBI:

1.1. LHudposoii obpazosatensusiii pecype IPRsmart : anextponHo-6ubIHOTEYHAS cHCTEMA !
caiit / OO0 Komnanus «Aw [Tu Ap Mexuay. - Capatog, [2024]. — URL: http://www.iprbookshop.ru,
— Pesxum frocTymna: Ui 3apeTHCTPHP. TONb30BaTeneil. - TeKeT : aNeKTpOHHEIH.

1.2. O6pazoparenpHas miargopMa FOPAMT : obpasoBatenbHBIl pecype, 3IEKTPOHHAS
GubmroTexa : caiir / OO0 DnexTpoHHOe M3AaTenbeTRo «FOPAWT». — Mockga, [2024]. - URL:
https:/furait.ru . — Pexxum moctyna: 1i1s 3aperueTpUp. TIONIb30BaTenei. - TeKCT : SIeKTPOHHEIH.

1.3. Basa mannoix «OnexrponHas dubiuorexka TexHuueckoro BY3a (ObC «KoscynsTant
CTYAEHTa») : MeKTpoHHO-6ubmHoTeynas cuctema : caiit / OO0 «llomutexpecype». — Mocksa,
[2024]. — URL: https://www.studentlibrary.ru/cgi-bin/mb4x. — Pesxxum nocrtymna: ams 3aperucTpUp.
nonb3osarenei. — TEKCT : 3MeKTPOHHBIN.

1.4. KoncyneranT Bpaua. DIeKTpOHHAS MeIWIHHCKas OuOnuoTeka : Ga3a HaHHBIX : calT /
OO0 «Beicmass TMIKOJa OpTaHM3anMe W YIOpaBlIeHHs 3ApaBooxpaHenHeM-KoMILIeKCHBIH
MEeIUIHHCKHY KoHcanTuHT». — Mocksa, [2024]. — URL: https://www.rosmedlib.ru. — Pexum
JIOCTYTIa: /IS 3aperucTpUp. osib3oBaresel. — TeKeT | aJeKTpOHHBII.

1.5. boneInasg MeauIMHCKas OuOIHOTEKA | ANIEKTpoHHO-0ubIHoTeuHAas cucTeMa : caiit/ 000
«Bbyxam». — Tomck, [2024]. — URL: https://www.books-up.ru/ru/library/ . — Pesxxum moetyna: ans
3aperucTpHp. HoNb30BaTeNcH. — TeKeT @ DIeKTPOHHBIH.

1.6. DBC Jlausb : anexrponno-6ubmuoreynas cucrema : caiit / OO0 DBC «Jlanp». — CaHkT-
[erepbypr, [2024]. — URL: https://e.lanbook.com. — Pexum pocTyna: ans 3aperucTpup.
noJb3oBaTenel. — TeKeT : 21eKTPOHHBIH.

1.7. BC Znanium.com : 3JIeKTPOHHO-0HONIHOTeYHas cuctema @ caltt / OO0 «3HaHuyM», -
Mockga, [2024]. - URL: http://znanium.com . — PesxuM mocTyna : Ans 3apeTHCTPUDP. MOJb30BaTeNeH.
- TekeT : 3EKTpOHHBIA.

2. Koucyasrautllaoc [DiekTpoHHBIH pecypc]: chmpaBodyHas npaBoras cucrema. / OO0
«Koncynvraur [Tmrocy - Dnextpon. aan. - Mocksa : KoncynstantlImoc, [2024].

3. eLIBRARY.RU: wnayunas osnektpoHHas Oubmmorexa : caiitr / OO0 «Hayunas
Dnexkrpounas bubmiorexay. — Mocksa, [2024]. — URL: http://elibrary.ru. — Pexum nocryna @ mis
aBTOPH3. NMoJb30BRareneil. — Teker : aneKkTpoHHBIH

4, ®emepanbHas rocyaapcrBennas HHGopManHoHHan cucremMa «HanmonanobHas
3JIeKTpOHHAs" DUBIHOTeKa» : dIekTpoHHad Oubnuoteka : caiit / ®I'BY PI'B. — Mocksa, [2024]. —
URL: https://a36.pd. — Pexxum moctyna : juis nonsszoBaresiel HayuHod OuOmmorexu. — Texer :
3JIEKTPOHHBIH.

5. Poccuiickoe oGpazoeanue : (eaepanbHeii moptan / yupenutens GIAY «OULITO». —
URL: http://www.edu.ru. — TexcT : 2neKTPOHHBIH.

6. DnexTponnas Gubnmoreunan cucrema Yial'V : monynbs «Dnexrponnas OubnvoTexay
ABUC Mera-ITPO / OO0 «/lata Dxcnpece». — URL: http:/lib.ulsu.rw/MegaPro/Web. — Pexaum
JI0CTyMA © JUIS [I0JIb30BaTeIeH HaydHoi OndnuoTeku. — TeKeT : a1eKTpOHHBIH.

Wuskenep Bexyiuit [Typenko }0.B. 2024
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3. MATEPHAJIbHO-TEXHUYECKOE OBECHEYEHUE
TACIATIIAHDI:

Peamuzanms OIIOII BO ocymecTBisieTcss B CHENUAIBHBIX  00pa30BaTENbHBIX
npoctpanctBax [N «®apmMUHKXUHUPUHTY» B COOTBETCTBUM C TPEOOBAHUSIM MaTepHATBHO-
TEXHHUYECKOTO M Yy4eOHO-MeToamueckoro obOecrnedenus. CrenuanbHble 00pa3oBaTeIbHBIC
npoctpanctBa [TUI «®apmUmkuaupunry Yal'Y npeacTtaBisioT cobol ydeOHbIE ayIuTOpUH
JUTSL TPOBEJICHUS 3aHATHIA JICKIIMOHHOTO THUIIA, 3aHITHI CEMHHAPCKOTO M J1a00paTOPHOTO THUIIOB,
BBITMIOJTHEHUS IPOEKTOB, TPYNIOBLIX U UHAWBUYATbHBIX KOHCYJIbTAIMM, TEKYIIEro KOHTPOJIS U
MPOMEKYTOUHOM  aTTeCTallMd, KOMIIBIOTEPHBIE KJIACChl, a TaKXe [OMEUIEHUs JJid
CaMOCTOSITEIIbHOU PaOOTHI.

Crennaneible  oOpazoBarenbHble mpocTpancTBa [IUI «®apmUmxunupunry Yal'y
YKOMIUIEKTOBAHbI CIEUAIN3UPOBAHHON MEOENbl0 M TEXHHUYECKUMH CpPEICTBAaMH OOYy4eHHs,
CITy KaIllUMU JUIS TIPEACTaBIeHUsT yueOHoU nHpopmanuu 0onbiioii ayauropuu. J1Jis nposeneHus
3aHATUN JIEKIIMOHHOTO THUIA MpeUlaratoTcsi HaOOpbl JEMOHCTPAIlMOHHOTO O0O0pYIOBaHUS U
y4eOHO-HAT IS THBIX IOCO0OuId, o0ecrneunBaroIre TEMAaTHYCCKHUE WJUTIOCTpPALIHH,
COOTBETCTBYIOIIHE pab0OYHM MPOrpaMMaM TUCIHUILUIHH (MOIYJIEH ).

[lepeyenbp marepHaIbHO-TEXHHUECKOTO OOeCTedeHUs, HeOOXOAUMOTo Ui pealn3aluu
IpOorpaMMbl MarucTparypsl, BKIOYaeT B ceds ynadoparopun CrnenuanbHbIX 00pa3oBaTEIbHBIX
npoctpanct [TUI «®apMUHXUHUPUHT», OCHAIIICHHBIE JTA00PaTOPHBIM 000PYI0OBAHUEM:

° R&D-nentp «TapreTasie 1 mpoMeKyTOUHbIE (hapMCyOCTaHITMNY, BKITIOYAET B CeOsI:

o R&D-nieatp no 3D-OuonpUHTHHTY

o R&D-nientp «Taprerubie Mosekyibl Juisi Lu-177» (coBMeCTHBIN ¢ KOMIaHUEH
«Dapmaromy)
o JlaGopaTopust BU3yanu3anuu
o JlaGopatopust MOJIEKYJISIPHOM U KIETOYHON OHOJIOTHI
° R&D-nieatp «KoMIOHEHTHI TSl MOJIEKYIISIPHOW OMoJIOTUH U (hapMcyOCTaHIIHI,

BKJIFOUAET B ceO4;

o MOJIOZIeKHAsT JlabopaTopusi pa3pabOTKM M CHHTE3a MENTHIHBIX
(apManieBTUYECKNX CyOCTaHIMI U JIEKAPCTBEHHBIX CPEJICTB

o R&D-11eHTp 110 CHHTE3Yy OJIMTOHYKJIEOTH IOB
o XYMUKO-aHAJIUTHIECKas TabopaTopus
0o JlaGoparopus aHATUTUYECKOTO KOHTPOJIS
° R&D-11eHTp 110 MOJIEKYIIPHON T€HETUKE:
o JlaGopaTopust MOJIEKYISIPHONU OMOJIOTHH
o R&D-11eHTp 110 ceKBEeHUPOBAHUIO (COBMECTHBIN ¢ komnaHuel « Tectreny
e} Hay4no-uccnenoBatenbcKuii MEIUKO-OMOIOTUUECKHH TICHTP
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[Momemenust s caMOCTOATEIbHONW PabOThl OOYYAIOIIMXCS OCHAIICHBI KOMIBIOTEPHOMN
TEXHUKOW C BO3MOXKHOCTBIO MOAKIIOUEHUs K ceTu «VHTepHeT» M olecredyeHueM JocTyna B
AIIEKTPOHHYI0 HWH(POPMAIMOHHO-00pa30BaTeNbHYI0 cpeay opranuszanud. Yil'Y obecnedeH
HE0OXOJUMBIM KOMILIEKTOM JIMIIEH3MOHHOTO ITPOrPaMMHOT0 o0ecriedeHus (COCTaB ONpeeseTcs
B paboYMX MporpaMmmax AUCUUILUINH U MOJUIEKHUT KEr0JHOMY OOHOBIICHHIO).

4. CIIEHUAJIBHBIE YCJIOBUA I OBYYAIOIIUXCA C
OI'PAHUYEHHBIMHA BO3MOKHOCTAMMU 31OPOBbSA

Opranmsanus peanuzanuu  oOpaszoBatenbHOl nestensHocTH 1o OIIOII BO  ans
oOyyaronuxcs U3 yncia uHBanuaoB u aui ¢ OB3.

B cnyyae HeoOXxomumocTH, OOy4arOIIMMCS U3 4YHCIA JIMIl C OrpaHUYEHHBIMHU
BO3MOXXHOCTSIMH 3JIOPOBbsI (IO 3asBJICHHUIO OOYyYaromMIerocsi) MOTYT MpeUIarathCsi OIHH W3
($1(571474:0)11170,€ BapHUaHTOB BOCIIpUATHUA I/IH(bOpMaI_II/II/I C y4ueTOM ux HWHAUBUYAJIbHBIX
MCUXO(PU3NIECKIX OCOOCHHOCTEH

° ISl JIMI C HAPYUICHUSMH 3pEHHs: B IIe4aTHOU (popMe yBeTu4eHHBIM HIpU(TOM; B
dbopmMe 3IEKTPOHHOTO JOKYMeHTa; B (dopMme ayauodaiina (mepeBos y4eOHbIX MaTepuajoB B
aynuodopMmat); B medyaTtHoW ¢opme Ha s3bike bpailns; MHIUBUAyalbHBIE KOHCYJBTALlUU C
IPUBJICUEHHEM TU(IIOCYPIOTIEPEBOAUNKA; MHIUBUAYaJIbHBIE 331aHNS M KOHCYJIbTALIUY;

° JUIS JTUI] C HapyIIEHUSIMH CIyXa: B Me4aTHOW ¢opme; B (HopMe 3IIEKTPOHHOTO
JOKyMEHTa; BUICOMATEPHAJIBI C CYOTUTPAaMK; HHANBUIYaIbHbIE KOHCYIbTAINH C TIPHBICUCHHEM
CYPZIOTIEpEBOIUNKA; WHANBUYaTbHbIC 3aJaHUS U KOHCYJIbTAIUH;

o JUISL JIUL ¢ HApYLICHUSIMHU OMTOPHO-JIBUTATENILHOTO afiapaTa: B e4aTHoi ¢popme; B
dopMe DIEKTPOHHOTO MOKyMeHTa; B (opme aynuodaiina;, WHAWBUAyAIbHBIC 3aJaHUS U
KOHCYJIbTAIUH.

Pazpabotumnk

~d Munaammnii HayYHbIN Pactopryesa E. B.
>" (g _ COTPYIHHK
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