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e l'old“in ('yal}cg {Ol?j“l)' on the Bring} colorej/paucrn;.}d sections | 10-13 with 25-22 oF (\(ot(ue lﬂc N{){?)l;)st-perﬁfa b.;.se \i)allril(ing
small vertical dotted lines. together, and tape so the grey AR R b +:C and A:U bases pair up). At this

tab is hidden. It is important LAzl '.[h 4339 8 jor it point the model is a cloverleaf shape-

that you match the bases in the 3. 49-53 with 65-61 Orlyby| the secondary structure of tRNA. Each
following order: 4. 1-7 with 72-66 orf«+ .+ | colored region represents the double

helical regions of the structure.

l1l. The tertiary structure What is tRNA?

Acceptor - . B ——— Acceptor Arm
R [ Eringtogether bases G19 and Transfer RNA (IRNA)! "translates” the genetic code bW =
|:,:.,c£2°,%‘ C56 (colored yellow) to form a ¢
e ~ SN
e

: : into the language of proteins. Each tRNA molecule
’ base pair - hide the grey tab by e o Sl S gy

R S, binds to a specific amino acid on the acceptor arm
; taping it under. This forms the pe P £

P > recognizes its corresponding code on the mRNA
beginnings of the tRNA textiary through the anticodon loop region and delivers
the amino acid to a growing peptide chain in the
To further explore details of ribosome? for protein synthesis. )
tertiary structure see the atomic /
model of tRNA at bit.ly/HVzloH

structure— the inverted L-shape.

http://pdb101 resb.ora/learn/paper-models 3\

Anticodon

1. See the Molecule of the Month feature at doi: Anticodon Loop
10.2210 fresb_pdb/mom_2001_3

2. See the Molecule of the Month feature at doi: 10.2210/resb_pdb/mom_2010_1




BkycHas monens JIHK




Cut out the 12 strips of
paper (outlined in dotted
line) representing the 11
beta strands and 1 helical
region of the GFP.

Step 3

Lay the strand labeled A on
the table so that the arrow is
pointing upwards, place
strand B to the right of A and
orient it so that the arrow
points to the bottom. Align
the grey areas between the
strands (representing the
hydrogen bonds between
them), and tape top to bottom
on the aligned grey area.

Close the GFP beta barrel
by aligning the grey area
between strands A and K
and taping them together.
The chromophore should be
inside the barrel.

The Primary Structure

Tape together the strips

The long strip of paper from

so that the lowercase letter amino (NH3+) to carboxy

on the white background (COO-) represents the

(e.g., a) is taped on top of primary structure of GFP.

the same letter on the Regions of secondary structure
shaded background. Repeat (beta strands and alpha

this for letters b through k
to create a long strip.

helices) are marked.

Next tape strand C next to B, D next to C and
so on till strand K, in each case aligning the grey
areas between the strands and making sure the
arrows in these strands point up and down
alternately as shown in the diagram on the right.

At the end of this step the beta sheet should
have strands labeled A-K reading from

left to right. *
At this point make sure the chromophore ? ?

strip is behind the printed side

move the chromophore strip
from the front (shown)

of the beta sheet. to the back of the printed side
P The GFP model was created using
Exploring the Model data from the PDB archive
1. Can you trace the polymer chain from the PDB ID: 1IEMA
amino to carboxy terminus? Hint: the order M. Ormo, A. B. Cubitt, K. Kallio, L A. Gross, R. Y. Tsien, S.J.

Remington (1996) Crystal structure of the Aequorea victoria

of the strands from amino to carboxy green fluorescent protein. Scence 273: 1392-1395

terminal are marked with the numbers 1-11
(in the arrowheads of each strand).

2. What is the relationship between the strand Go 10 pdb101.sesh.org fo:
labels A-K and 1-11? Comment also on the e - READ the Molecule of the Month
loops between the strands and location of on Green Fluorescent Protein
= DOWNLOAD additional copies of this model,
Eu E WATCH a video demonstration of how to build it, and
el and access the DIGITAL ACTIVITY PAGE allowing for futhe

exploaration of the 3D model (Leam > Paper Models)
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TpéxmepHbIC MOJICTIN OCIKOB

D¢ D Ll il
(b

\
(e (YC ), CL?
) /

L. e

Kak 0eJloK y3HaeT, ¢ KAKUMHM MOJICKYJIaMH €MY
Hag0 OPOBOJAUTH PEAKIUH, 4 C KAKUMH HET?
3ananue;
1. Hapucyiite u BeIpeKbTE U3 OyMaru (EpMEHT U €0

cyocTpar.

= 2. [lompoOy¥iTE TIOMECTUTH CBOU CyOCTpar B

(bepMEeHT coceJa.
3. [loxy4uuTcs 1M COBMECTUTH CyOCTpaT v (DEPMEHT

cpeay OJHOKIIACCHUKOB?

OoOparure BHUMaHMe. ECv NPUCTaBUTh KyCOYEK Ma3jia HE B CBOE

MCCTO OH HC 6YI[€T Tyada BXOAUTD, 00 NpUACTCA ITPUKIIAIbIBATD

YCWJINS, YTOOBI €r0 TyAa «BIUXHYThY». Takoro ObITh HE JIOIKHO.

Cnenaiite Mojienib (hepMEHT M CyOCTpara U3 IJIacTUInHA, HapucoBaTh 3D-

py4KOM UIIM pacredaraite Ha 3D-npunTtepe (puc. 8).



IIpakTHKYM Ha KOMIIbIOTEpPAaX "ba3bl JAHHBIX CTPYKTYPHI
OCJIKOB 1 T€HOB"

1.3anagnte B 6a3y AaHHbIX 6€1KOBbIX CTPYKTYP WWW.rcsb.org

3 C @ rcshorg ® % » 2

=% Cepeucel M Gmail

RCSB PDB Deposit + Search  Visualize + Analyze + Download v Leam ~ More ~

(o= 168889 Biological
S Macromolecular Structures SARS-CoV-2 RNA-dependent RNA Polymerase
o Enabling Breakthroughs in . .

PROTEIN DATA BANK Research and Education in Structure Title
Structure of the RNA-dependent RNA polymerase from SARS-CoV-2

i PDR=-101 %PD EMDataResource .rr” | |swetit A Procain D Bk SARS-Cov-2 RNA-dependent RNA polymerase in complex with cofactors m
OTEIN DATA BANK iied Dax R mourcs for X Foundation
SARS-CoV-2 RNA-dependent RNA polymerase in complex with cofactors
in Primary Citation Title

_ inhibition of the RNA-dependent RNA polymerase from SARS-CoV-2 F ‘
A ™ i [ T r -



http://www.rcsb.org/

Ha rnaBHOM CTpaHULE Bbl MOMKETE N3YUYNUTD
obLlee onncaHue gaHHoro benka. ns
PACCMOTPEHUA NPOCTPAHCTBEHHOM CTPYKTYPbI

nepenauTe Ha BKNaaky “3D”

Ha naHenun cnpaBa Bbl MOXKETE YBUAETb KOMNOHEHTbI OTPAXKEHHbIE Ha
AAHHOW CTPYKType. HarkaB, Ha «r/1a3», Bbl OTKAOYNTE MOKa3 A4aHHOro
KOMMOHEeHTa. Tak B NpuBeAeHHOM HenKe, ecnm OTKAOYUTb NOKA3 CamMoro
6enkKa, Bbl yBUAUTE ABA MOHA LIMHKA BHYTPU NOAUNENTUAHOMN CTPYKTYpPbI

(yKa3aH KpacHOM CTpenkon).

L.
£ ® o B § a8

RCSB PDB  Deposit + Search ~ Visualize ~ Analyze + Download ~ Leam ~ Mon

dwid:

RSN $PDE @ nrerr | Dmue (G e
Structure Summary 3D \flew‘Annotations Experiment Sequence
( Biological Assembly 1 © ) 7BW 4

Structure of the RNA-depende
DOI: 10.2210/pdb7BW4/pdb EMData

Classification: REPLICATION
Organism(s): Severe acute respirator
Expression System: Spodoptera aff.

B OTKpbIBLUEMCA OKHE Bbl YBUAUTE NOC/EA0BaATE/NIbHOCTb aMUHOKUCNOT U
NPOCTPAHCTBEHHYIO CTPYKTYpY 6enka. Ecan HaBecTu Kypcop Ha
aMWHOKUC/IOTY, TO OHA NOAKPACUTCA B CTPYKTYPE U HaobopoT. TaKkke
ABUXXEHMEM KYPCOpa Bbl MOKETE BPaLLLATb 3TY MONEKYAY, YTOObI yylle
PacCMOTPETb ero CTPYKTYPY CO BCeX CTOPOH. KcTatu, ecnm 6enok coctouT
N3 HECKONIbKMX MOAUMENTMUAO0B, TO Haf CTPOKoM AK-nocnenoBaTeibHOCTH
Bbl MOXeTe BblOpaTb aKTUBHbIN nonnnentua, (06blYyHO 0603HaYatoTCA
6yksamum A-B-C).

1:Replicase p.. *+ A # 0} Z:X Structure
o 120

7BWA4 | Structure of the RNA-depen... [l

Type | Model

¥, Measurements

@ Components 7BW4
[ Preset + Add i«-g
Polymer Cartoon @

lon Ball & Stick ©

## Density
% Assembly Symmetry




3agaHue. BropmnyHas cTpyKTypa benka.

3agaHme 1. BropmuHana cTpykTypa benka.

£
Kaacc PerynspHbie BTOpHYHLIE CTPYKTYPBI
a-OeKH Tomsko amsda-cnEpaTn
B-0enxn Toaeko Oeta-ToxH
o/ p-0eTKH Crtporo 4epeaviomsecs anbda-crIHpaTH H OeTa-TAKH
a+pB-oenku Aasda-cnupami H DeTa-TAEH B NPOHIBOIBHOM MOPAJKE
HeperyaapHsie benxu OTCYTCTBYIOT peryiapHele CTPYKTYPEL
beaok CKpHH TpexMepHO# CTPYKTVPSI Kaacc
Mpmuoraoors (Myoglobin)
1 puozodochaTHiomepaza
ﬂmm ISGmHﬂSE) PECCMOT]JHTE cocTae BenkoBbix MONeKyn 1 OTHecuTe MX K EDOWETCTBYIDLLI,Eﬁ rpynne.
PaxTop pocta buOpoOIACTOR H
. MNpocTele (NpoTeMHbI) COCTOAT TONBKO U3 3BMMHOKMCNOT, 00pa3yroLmx
(Fibroblast growth factor) MOAMMENTHAHYIO UEAIb
Benku C YeTBEPTUUYHON CTPYKTYPO# COCTOAT M3 HECKONbKUX NONMNENTUAHBIX MONEKYA.

ChnoxHblie {I'IpDT'EH,IJ,hI} COCTOAT U3 NOAMNENTUAHOMW Uenu 1 HeDenKoBOoro KOMMNOHEeHTa, B 3aBUCUMMOCTH
OT KOTOPOro Ha3blBakOTCA:

MeTannonpotenas: COAEPHaT WOHbI METANN0B

lemonpoTenasbl COOEPMHAT rem C MOHOM MEeTanna

@ochonporenabl copepMaT ocratkm ochOpPHON KMCNOTbI

Nunonpotenapi COAEPKET NMNKuAbI

rNuKonpoTenabl COAEPKAT yrnesoapl

HykneonpoTtenapi KOMMIeKe Genka ¢ HYKNEUHOBbIMM KUCNOTaMM.
Bbeaok IIpeacTraBeTe CKPHH € MOMeTKOMH Ha I'pynma

CTPYVKTVPY, KOTOpas YKa3bIBaeT Ha
NPHHALIeXKHOCTE K ONpeJeIeHHOH
rpvaome

JK30HYEAca3a (exonuclease

Pogoncun (rthodopsin)




[Torck Mo HYKJICOTHAHBIM IOCIEI0OBATCILHOCTIM
“¥Y3Hai1, 4to 310 3a OakTepus no JJHK”

3aganue.

1. Beegute B CTPOKE Opay3epa anpec

https://blast.ncbi.nlm.nih.gov/Blast.cqgi

2. Beibepute “Nucleotide BLAST”

3.BBeaqure B oxHo «ENnter accession number(s), gi(s), or FASTA
sequence(s)» I0CJIC0BATEIIFHOCTD
TTTATTAAAT TTAATALILITTTTLTI].

4, Haxxmute kHOonKy BLAST BHU3Y CTpaHUIIBI.

5.Ilo pe3ynbraraMm CpaBHEHHMS C HM3BECTHBIMM T'€HOMAMHM OIIPEHCIIMUTE,
NpEJICTAaBUTENIb ~ KAKOro  BHAA  OaKTEpuUM  COAEpKAaT  TaKyIo

IOCJICAOBATECIBHOCTh B CBOEM I'€HOME.



IIpakTnyeckoe 3aganue « MUKpooOMom»

Tabmma ***. IlpexcTaBIeHHOCTE HYKJICOTIIHEBIX IOCIeI0BaTelIFHOCTEIl B

cymmapHoil JJHK, BeiZieneHHOII 113 MIKPOQIOpE! KIIIeYHIIKA JeTell MOITyIarolIix HpH HCCJICIOBAHUHU
IT HE [TOTIVHAKOOIIX I'PYIHOE BCKAPMIHBAHIIC.
.
HyK/1eoTIIHAS I0C/IeI0BaTeNbHOCTE | IIPOIeHT BCTPE4aeMOCTII BJIMAHUA I'PyAHOTIO
0CTIe/10BaTeIEHOCTH
BCKaApMJIMBAHHUs Ha COCTAaB
bez rpyusoro|C TPYUHBIM
BCKapM/IIBAHIA | BCKapMIIIIBaHIIEM MHKPO (1) JIOPBI KMIIIEYHNKA Y
ATTITAIIIIATAIOTITTIOTTAATA | 0.7=04 0804
[TITLUTATII TTATIIOTAATTA |[1.4+0.5 3.4+23 NICTCHU HCCJICA0BATCIIN
ITITHAATII TITTHIITATTTA | 1.8+0.9 1.3£0.5
IIOJIYUYHUIIN TaKHC JAHHBIC
ITITTIIAAITITTATHIIITAATTA |344<x98 428+94
ITATHUTATIIT TTATLILITAATIIA |0.6=0.4 04+0.2 (Ta6JI.***)

Bocnonssylitech mouckoBoi cuctemoii «Nucleotide BLAST» (https://blast.ncbi.nim.nih.gov/) s

MOMCKA HYKJICOTHJIHBIX MOCIEA0BATEILHOCTEM, YTOOBI BBHIACHUTH, KAKUM OaKTEpUSIM MPUHAJIEKAT JTAHHBIC
(parMeHTbl TeHOMa (BBOJIUTH MOCJIEIOBATEILHOCTH HEOOXOUMO Ha aHTIMKUCKOM si3bike). Crenaite BBIBOJ O
TOM, Kakue OakTepuu HaubOosee MPEACTaBICHbl B MUKPOGIIOpE KUIIEYHUKA, a TAKKE O TOM, KaK TpyJHOE

BCKapMJIMBAHUE BJIMSET HA COCTAB MUKPOGIIOPHI KUIIIEYHUKA JETEH.


https://blast.ncbi.nlm.nih.gov/
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Bo3bsMmem cimoBo d0g. Ecimm MBI XOTHM 3ammcarh Kak BEPHO IIPOU3HOCHTH
3TO CJI0OBO, TO MbI UCIIOJIb3YEM CUMBOJIbI TpaHCKpUILUM: [do:g]. 3ameTHO,
YTO CUMBOJIbI, KOTOPBIMH 3aITMCAHO CAMO CJIOBO Y €r0 TPAHCKPHUIIIUS —
BeChbMa IMOXO0XKH (HanpuMep, d B g), TOJIbKO HEKOTOPHIE CHMBOJIBI
OTINYAIOTCA (Hampumep, o 1 9:). Eciau nepeBegem dog ¢ aHTmiickoro Ha
PYCCKHUM — MbI IIOJIYYUM CJIOBO coOaKa, KOTOpoe OYyIET COBCEM HE IMOXOXKE
Ha cJI0BO (0( CBOMM HAaNHCAaHUEM U IIPOU3HOIICHUEM (pHC. 7).



Moaeas “Tpancassuun’™

Wtak, 6épem monekyay PHK (MoxHO B3STh C
IPEABIAYIIETO 3aJaHus WM HaucaTh HOBYIO), HAXOIUM
CTapTOBbIN KOJIOH AY' (€Ciy He HAIIIM, TO 100aBbTE
ero B Hadaso Bamei PHK). 3arem B Tabnuiie
T€HETHYECKOTO KOJIa MII[EM aMHUHOKHCIIOTY KaKoro I[BeTa
HaM HaJI0 IPUCOCAUHUTL U HAHU3bIBAEM TaKOM 3e(pup
Ha HaIlly HUTKY. 3aT€M CMOTPHUM Ha CICAYIOIINUE TPU
HYKJICOTH/]1a, MIIEM UX B TaOJIMIIEC TEHETHYECKOIO KOJIa 1
HAHW3bIBAEM Ha HaIlly HUTOYKY CIICAYIOIIUMN 3eup.
JIBUTralTECh IIOKA HE JTOMUAETE IO CTOM-KOAOHA, TaM Balll
CHUHTE3 OejKa nmpepBercs (puc. 9).

Bam 0enok roros! Temeps CKOMKalTE €ro B
IJIOTHBIN IIAPHUK (3TOT MPOLECC HA3BIBACTCS (ho0uH2) U
Bbl YBUJIUTE, UTO OCJIOK MPHUOOPEN CIOKHYIO

IIPOCTPAHCTBEHHYIO CTPYKTYDY.



Mopaeas “Myranun’

Hcnonszyrre PHK, koTOpyto BbI clienany B
npoekre “Tpancusanus .

3aganue. I IpuroroBsTe HECKOJIBKO
BapuaHToB PHK: B nepByro no06aBeTe 0OJ1HY
OYKBY, BO BTOPYIO — JIBE€ OYKBBI, B TPEThIO —
TpU OYKBBI, & B UETBEPTOM 3aMECHUTE OAHY OyKBY
Ha Ipyryro. «lIpounrtaiite» OENOK C KaxXI0M U3
PHK. Onumure, 9T0 Yy Bac MOJIYy4YHUIOCh.
CaenmainTe BbIBOJ O TOM, Kakas MyTallMs camasi

«BpCAHAsA», A KaKdd — HAMMCHCC «BPCIAHAM.



PosneBas urpa “Myrarmun’
y

J171s1 3TOM Urphl HEOOXOIUMO MPUIYMATh KAKOK-TO aJrOPUTM AEHCTBUM, B PE3YJIBTATE KOTOPOTO MOKHO MOJYYUTh KOHEUHBIN TPOTYKT.
Hanpumep, mycts 3T0 OyJIeT allrOpuTM U3rOTOBICHUST Oy TEpOpOa.

Komone! 1 ux 3pauenue:

1) TAA packpoiiTe makeT ¢ XjaedoMm;

2) I'[]I" BEIHBTE OJUH KYyCOK XJie0a U MOJIOXKHUTE €ro Ha TapeliKy;

3) L{1]1] OtkpoiiTe MalioHe3 (WM Macjo, WX TBOPOKHBIHN CBIP);

4) TTT BeIaBUTE MaiiOHE3 Ha KyCOK XJie0a;

5) I'TI] BO3bMHTE HOXK M HaMaXXbTe MaliOHe3 Ha KyCOK XJ1e0a;

6) I][TA 3akpoliTe MaiioHe3 U OTKPOUTE MaKeT C KOI0ACOH;

7) TTI] nonoxxuTte TpH Kycka Kodachl Ha KyCOK XJye0a;

8) I'TI" 3akpoiTe MmakeT ¢ Koja0acoil M1 OTKPOUTE MAKET C CHIPOM;

9) TTA nonoxuTe TpH KyCKa ChIpa Ha KoJIdacy;

10) ATT 3akpoiiTe makeT C CHIPOM.

PebsaraM 10KHO OBITH BUAHO TAONUILY “T€HETHYECKOro Koja’ (Hampumep, Ha npoekrope). BHauane Heooxoaumo pa3aath 10 yueHukam
KOJIOHBI, pacTieyaTaHHble Ha Oymare. [locne ctapTa TpaHCHSIIIUK OHU JOJIKHBI TTOAXOUTh B YKa3aHHON OUEPETHOCTH K IEMOHCTPAIIMOHHOMY
CTOJIy M JIeJaTh, YTO UM IOJIOKEHO MO MHCTPYKIUHU (TIPU 3TOM UM OBITH BUHO TAOJUIy T€HETUUECKOTO KOJla — HalpuMep, Ha MPOEKTOope).
[Tocme 3TOTO BCE YUaCTHUKH UTPHI 0OCYKIAIOT TO, YTO Y HUX MOJIYUYHIIOCH.

Jlanee MOXXKHO YCIIOKHHUTD UTPY U BHECTH MyTallul — HampuMep, 3aMeHUTh KojoH TTL] (rmomoxuTe Tpu Kycka KoJi0achl Ha KyCOK
xne06a) Ha kojoH TIL (monoxkuTe TpHu KycKa Koja0achkl Ha CTOJ). MOXKHO TakKe CAESIaTh «JICICHMI0» YAaIUB OJUH KOAOH U3 HHCTPYKIIUH,
«TYTTAKAIMIO» (MIOBTOPUB OJMH KOJIOH JBa pasa), KMHCEPINIO» (BCTABUB JOTIOHUTEIbHBIN KOJTOH-UHCTPYKIIUIO — HaMpUMeEp, T00aBUB JIUCT
cajaTta) Wiu «MHBEPCUIO» (TIEPECTaBUB JiBa WIIM TPH KOJOHA MECTaMH).

OOpaTuTe BHUMaHUE Ha TO, YTO HE BCErAa pe3ysibTaT MyTallMu OyI€T CUILHO MEHATh CTPYKTYPY KOHEUHOTO TTPOIYKTA.



