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MUKPOBHOJIOI'UA U BUOTEXHOJIOI'UA

3ananue 1. CoBMecTHOE HCI0JIb30BAHHE MUKPOOPTaHU3MOB B OMOTEXHOJIOTUM (MAKC.
10 6annos)

CoBMeCTHOE HCMOIb30BAHHME MHKPOOPIraHM3MOB B OHOTEXHOJOTHYECKHX
npoimeccax CcBSiI3aHO ¢ pa3HooOpa3ueM HX MeTa0oau3mMoB. Bam mnpeasoxeHbl
KYJbTYPbI IBYX MUKPOOPIraHNU3MOB, OJJMH U3 KOTOPbIX TPAAUIMOHHO HCIOJIb3YeTCs
HA Ba)KHellllell CTaJMH XOPOIIO M3BECTHOT0 MHUKPOOMOJOTrH4eCKOM NPOU3BOJCTBA.
Heanb padoThl: Hccje10BaTh MUKPOOPTaHU3MbI M MPEAJI0KUTH CXeMY aHAJTOTHYHOTO
0MOTEeXHOJIOTHYeCKOr0 MpoIecca, 0CHOBAHHOIO HA UX COBMECTHOM M CII0JIb30BAHUM.

Jano: yamku [letpu ¢ kynprypamu mukpooprann3sMoB Nel u Ne2 Ha cpenax A u b.

Oo6opynoBanmne: MUKpPOCKOIIbI, CHUPTOBKH, IPEAMETHBIE U MOKPOBHBIE CTEKJIA, MUIMETKH,
MUKPOOHOJIOTHYECKHE TIETIIH, MOJOCKU (PHIIBTPOBAIBHOM OyMaru, KpacuTeiab (PyKCUH WU
METUJICHOBBIM CHHUWA, UMMEPCHOHHOE MAacjo, CTAaKaHYUK C BOJONPOBOIAHOM BOJOM,
pactBop Jlrorois, 1% H,0,, 3% KOH, yHuBepcanbHblil ”HAUKATOP, JOMTUK KapTO]eJs.

Xox padoThi:

1. ITpuroToBbsTe HUKCHUPOBAHHBIN OKPAIICHHBIN MpemapaT KaKI0u KyJIbTypHI.

1) TlomecTHTe Ha MPEIMETHOS CTEKIO MAJCHbKYIO Karumo BoJbl. C  MOMOIIBIO
MIPOCTEPHIN30BAHHON B TUIAMEHU FOPEIIKU NETIN MIPUTOTOBbTE Ma3Ku KyJnbTyp Nel u No2.
2) BeicymnTe Ma3ku Ha Bo3lyxe nocyxa (ne epetime npenapamul HA0 02HeM).

3) 3adukcupyiite mpenapaThl B IJIAMEHU TOPEIKH (0151 91020 CMEKN0 HYHCHO Oblcmpo
nposecmu 2-3 paza uepes 6epXHION YaACmb NIAMEHU).

4) OkpacwTe npenaparbl PyKCHHOM (B TeueHUE 1 MUH) WM METUJICHOBBIM CHHHM (2 MHH).
5) Tlpomoiite mpemaparbl Bojou (Hao kpucmaniuzamopom uau Opyeou emKOCHbIO),
MPOCYIINTE Ha BO3AYXE WU C TOMOILBIO (PUIBTPOBAIBLHON Oymaru.

6) [TomecTuTe Ha Ma30K 1 KAt UMMEPCUOHHOTO MacJia.

Texnuka npuzomoenenus npenapamog: maxc. 1 oann.

7) TlomecTtuTe mpemaparT Ha CTOJIMK MHKPOCKONMAa € HMMEPCHOHHBIM OOBEKTHBOM,
chokycupyite nzoodpaxkenue. [lokaxxure mpenoiaBaTeto.

Texnuxka padomut ¢ Mukpockonom: maxc. 1 oann.

Ipumeuanue. Ipy HEOOXOAMMOCTH MOXHO TaKXKe IPUTOTOBUTH MpPEIapar «pas3aaBlieHHas Karuis». J{Js 3Toro Ha mpeaMeTHoe
CTCKJIO ITIOMECTUTH KaIUIKO BOIBI. C IOMOIIBIO IICTIIH, HpOCTepHJ’[I/I?)OBaHHOﬁ B IIJIaMCHH TOPEJIKA, BHECTHU B BOAY HC6OJ'IBH_IOC
KOJIMYIECTBO GHOMACCHI MHKPOOPTaHW3MOB (MOXHO Tarke m00aBuUTh | Kamio pactBopa JIIOTOJIs), TOKPHITH MOKPOBHBIM
crekioM. [TomecTuTs nipenapat Ha cToauK Mukpockorna. ChokycupoBaTh n3o0pakeHue ¢ 00bekTuBOM 40X.

2. 3apucyiite nipernapathbl KyJbTyp Nel u Ne2 Ha JIncTe 0TBEeTOB, OTMETHTE XapaKTEpPHbIC
MOp(bOTI/IHI)I 1N HA30BUTC HX (6aKTepI/II/IZ KOKKH, CTPENTOKOKKH, CTa()MIOKOKKH, TMAJOYKH, IETTOYKH KIIETOK,



HHUTYATBIC (bOpMI)I, 63HI/IHJ'H>I CO Ccropamu, COUpPUIIIIbI, MULCIHNAIbHBIC (bOpMI)I; OYKAapUOThI: OAHOKJICTOYHBIC, MMOYKYIOMINUECS,
MUILCIINAIIBHBIC U T.,Z[.).

Texnuka pucynkoe u onucanue mopghomunoe: maxc. 2 éanna.

3. Oxapaktepusyite coctaB cpea A u b, Ha kotopbix pocnu KynbTypbl Nel u No2. J{ns
ATOT0, UCIOJIb3Ys UMEIOIIHUECS PEAKTUBBI, IPOBEIUTE XUMUYECKHUE PEAKIIUU, KOTOpbie Bh
cuuTaeTe HeoOXomuMbIMU (Yumume, umo uacme 6vloanuvix Bam peaxmusos moowcem
oxkazamvcs uzbeimoynout). B uem cocrout paznmmune Mexay cpemamu? Mcexons w3
MOJIYYCHHBIX PE3YyJbTATOB, BBICKAXKHUTE MPEINOJIOKEHUS O pa3luyuul B MeTaboIu3Me
Mukpoopranu3moB  Nel n  Ne2. [Ipemoxure  cxeMy  TUIIOTETHYECKOTO
MUKpPOOHOJIOTUYECKOTO  MPOU3BOJCTBA,  OCHOBAHHOTO  Ha  TOCIEIOBATEIIbHOM
UCIIOJIb30BAaHUU TMPEMJIOKCHHBIX BaM KyJIbTyp M HMMEIOLIErocs Ha CToje cyOcTpara.
OnummTe pe3ysabTaThl ONBITOB M CXeMy Ipou3BojacTBa Ha Jlucre orBeroB. Ouewnka:
makc. 4 6anna.

4. Hanummure Ha JlMcre OTBEeTOB, KakU€ OPraHU3MbI WJIM BEIIECTBA HCIOJIb3YIOTCS
BMECTO  MuKpoopranusma No2 B aHaJOTMYHBIX  pEaJbHO  CYIICCTBYIOIIMX
OMOTEXHOJIOTHYECKUX Tpolieccax C ydyacThem Mukpoopranusma Nel. Ouenxa maxc. 1
oann.

5. Hamumure B JuMcTe OTBETOB, B KaKWX €II€ MPOU3BOACTBAX HCIOIB3YIOTCA
uccienoBanubie Bamu Mukpoopranusmel. Quenka: makc. 1 oann.

3ananue 2. BUOTEXHOJI0THS U TeHETHKA MUKPOOPTraHU3MOB (makc. 10 6annoes)

[Ipy KynIbTUBUPOBAHUM OaKTEpUil, MPUMEHSIEMBIX B OHOTEXHOJOTHUECKUX
nporieccax, OOJbIIIOE 3HAYEHWE HMMEET CTePUIIbHOCTh KYJBTYpPhl U €€ YCTOMUHMBOCTH K
O6aktepuodaram. [IpounTtaiite HUKECIETYIOMUM TEKCT U OTBEThTE Ha JIMCTE OTBETOB Ha
BOIIPOCHI, CBSI3aHHBIE C 3aIIUTON MPOKAPUOT OT BUPYCOB.

VYcroitunBocTh OakTepuil K BUPYcaM CBs3aHa C pabOTOM pa3IMUHBIX 3alUTHBIX
CUCTEM, HANpaBJCHHBIX Ha UJACHTU(PUKAIMIO U PACIICIUICHHE HYKJIECUHOBBIX KHUCIIOT,
KOTOpbIe OakTepruodar HHBEIUPYET B 3apaXKEHHYIO KIETKY. K 3TUM 3allUTHBIM cUCTEMaM
oTHOcATCA cuctembl pectpukimu-monudukanuu JIHK, cucrema CRISPR-cas, a Taxke psin
npyrux. OtBeTbTe Ha JINCTE OTBETOB PsiT BOMPOCOB, CBA3AHHBIX C pA0OOTON ATHUX CHCTEM.

2.1. OmnepoH pIr KUIIEYHONH NAJIOYKM YYacTBYeT B 3allUTE OT LITAMMOB
6akrepuodara T4, ne umeromux PHK-murassr. [Ipu stom ren prrC xomupyer HykIeasy,
pas3pe3alyo aHTuKoa0By0 nemmo gusnHoBoii TPHK E. coli, a rerm komupyer Oemok
prrB, cesa3biBatommii 0enok TAF 6akrepuodara T4. OTBeThTE HA BOIIPOCHI, OCBSIIIICHHBIE
cucteme pPrr, Ha Jlucre orBeToB (MaKce. 3 6aJjia).

2.2. Cucrema pECTPUKIIMH MOAU(PUKAIMK COCTOUT W3 JBYX OCHOBHBIX
KOMITOHEHTOB: JHJIOHYKJI€Aa3 PECTPUKIHH (PECTPUKTa3) — (PEpPMEHTOB, KOTOPHIE Y3HAIOT
crienuprIecKue Mmocie0BaTeIbHOCTH (CaiThl pecTpukiun) U BHOCAT B [IHK nByHHUTEBBIC
(kak TpaBUJIO) pa3phIBBI, U MeETWITpaHcdepas (MeTHia3), KOTOpbIe Yy3HAIOT T XKe
crenpUIecKre IMOCIeIOBATeIbHOCTY W METHJIMPYIOT B HHUX a30THCThIE OCHOBAHWSI.
5'GAATTC 3
3°CTTAAG 57’ 4

Hamnpumep, pectpukraza cucrembl ECORI y3Haer mocienoBaTesbHOCTh



METHJIa3a 3TOM CHUCTEMBbl METWUJIMPYET B 3TOW TMOCIENOBATEIBHOCTH 3 W 4 OCTaTKu
anennHa. Ecim JIHK caiita pecTpukuuum He METWIMPOBaHA, TO OHA pPaCILEILIAECTCS
PECTPUKTA30H, €CIIM METUIIMPOBAaHA — HE pacuierusieTcss. MeTuinasa MOKeT METHINPOBATh
Bropyto HuTH JIHK B caiite pecTpukumu, €Cinu yxe NpOMETWIMPOBAHA NIEPBasi, 4 UHOT 1A —
JIBE HUTH cpasy Oe novo. Pectpukrasbl jgensarcs Ha 3 Kjacca, B 3aBHCHUMOCTH OT
CyOBbeIMHUYHOTO COCTaBa, MEXaHW3Ma pabOThl M TOTO, Ha KaKOM PAaCCTOSIHUM OT caiTa
y3HaBaHus npoucxoauT paspezanue [JHK. B OMOTexHOIOruM 1 reHeTUYECKOM NHKEHEPUU
UCIIOB3YIOTCSl PECTPUKTA3bl 2-T0 Kilacca, KOTopble BHOCAT pa3psiB JJHK BHyTpH camoro
caiita y3HaBaHusA. OTBETbTE HAa BOIPOCHI, IMOCBSIICHHbIE CHCTEME PECTPUKIUU-
moaudukanun, Ha Jlucte oTBeTOB (MaKc. 4 6asIa).

2.3. Tloxany#t, naxe Oojiee BaKHOE 3HAYEHHS ISl TEHETHMUECKON HMHXKEHEpUU H
OMOTEXHOJIOTMH IO CPAaBHEHUIO C CHCTEMOM PECTPUKIMH-MOAU(PUKALMN B HACTOSIIECE
Bpems mpuooOperaeT cucrema CRISPR-cas. E€ mexanusm pabotel Obu1 OTKpBIT B 2007
roay kommanuei Danisco Ha kynbType Mukpoopranusma Streptococcus thermophilus,
HCIIOJIb3YIOUIEICSl B MPOU3BOJACTBE HOTYpTOBBIX 3akBacok. OKa3aloch, YTO BBDKMBILNE
1ocjie  3apakeHUs OmpeleleHHbIM  (arom  (Hampumep, ©4241) CTPENTOKOKKHU
NpUOOPETAIOT YCTOMUMBOCTH K IOBTOPHOMY 3apaKEHUIO JTHUM K€ BHPYCOM. OTa
YCTOMUYMBOCTh CBsI3aHa C BcTpauBaHueM (parmeHToB reHoMa ¢ara B jokyc CRISPR,
KOTOPBI TPEJCTABIACT CO0OW TO CYTH KOJUICKIIMIO UY>KEPOJHOTO TE€HETUYECKOTO
MaTepuana, KOTOpYI0 OakTepus HCIONb3yeT [JIs BBISIBICHHUS MOTEHIMAIBHO OMACHBIX
HykienHoBbIX KucIOT. Kaccery CRISPR oOcmyxuBatoT paznudunblie Oenku CaS, TEHBI
KoTopeix TecHO cremieHbl ¢ CRISPR. Ilpunnun paboTel CHCTEMBI MOKa3aH HA PUCYHKE
HUKE:

2. Co Bcero, yto Haxoautca B CRISPR,
cuHTesupyrrtca cneunanbHble PHK|
NOCTOSAAHHO nposepstoLme, He
KOMMIieMeHTapHbl NN OHU  KaKoW-
Hubynb OHK, nonaBiuei B 6akTtepuio.

1. OHK 6aktepuocpara HapesaeTcs ||
cneunanbHbiMu Cas-6enkamu 6ak-
Tepun Ha MarneHbkue pparMeHTbl.
OHu pobaBnstoTca B onpeneneH-
HbI y4YyacTOK reHoma ObakTepuu,

KoTopbIii HasbiBaeTcsi CRISPR. 3. Ecnu coBnageHue HanaeHo, 3HAYUT B
Ecnu Gaktepus He normbaer, To  OakTepuio nonana [|HK Takoro xe Bupyca,
OHa Takum obpa3om «3anomMuHaeT» Kak 1 paHeuwe. Ero «BcnomuHaior» u
YacTb reHoMa BUpYca. yHUuTOXatoT Apyrue Cas-6enku.

Jns pabotel HexkoTopbix BapuaHToB cucteMbl CRISPR-cas nocratouno omnoro
Oenka Cas9, koTopelii cpaBHUBaeT nocienosarenbHocTd [JHK ¢ mocnenoBaTenbHOCTHIO
onpenenenHoil kopotkoit PHK (tak nasbiBail «runosoit PHK», rPHK) u nenaer B JIHK-
MHILIEHU ABYHUTEBOW pa3pblB B Clydae KOMIUIEMEHTapHOToO cBs3biBaHusa €€ n rPHK.
OTtBeThTe Ha Bompockl, mocesmieHHble cucreme CRISPR-cas, na Jlucte orBeToB (Make. 3
0ajia).



