INITIATION

RECYCLING

ELONGATION

TpaHcAALMA

BuocuHTe3s HbeaKa
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CrpykTtypa PHK
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RNA vs DNA

Components of Nucleic Acids

DNA only DNA & RNA RNA only
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Thymine Adenlne Guanlne Cytosine Uracil
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Sugar
Ph@ph

Ba?ﬂ‘l‘fégyfgiaﬁmm -37 MC[IOAb3YeT B ceoen AHK

€3 ANH BMeCT'OQ Ae3OKCMTM 1

OH Phosphate
2-Deoxyribose Ribose




Bropu4yHasa n tpetnyHana ctpyktypa PHK

® BropuuHasa cTpyKTypa - COBOKYMHOCTb

KOMMNAEMEHTapHbIX B3aUMOAEUCTBUU

® TpetuuHas ctpykTypa - 3D-atomapHan
CTPYKTYpa



BropuyHasa ctpyktypa PHK




BropuyHasa ctpyktypa PHK
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® G=C J o
® A=U (2 H-cBazun)

®*G=U



BropuyHasa ctpyktypa PHK

o
® G=C )9 2
— ‘ G N—---©
Q/ /‘\_(N_

® G=U (2 H-cBazn)



BropuyHasa ctpyktypa PHK
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Make Molecules Advance Science

Welcome to Eternal

You play by designing RNAs,
tiny molecules at the heart of every cell.

Latest news { ’

Dev chat scheduled on 6pm EST. Apr. 3rd. [Chat log added]

03 Apr2013 r“,‘

Cloud lab barcode buq fixed - now you can reuse round 1 barcodes in round 2.

26 Mar 2013 PIO)’ NOW! »
Full results of previous 20 cloud labs published and rewards distributed

22 Mar 2013



Pseudoknot

Pseudoknots - nceBaoy3Abl

---------------
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CTpYKTYpbl, B KOTOPbIX NETAS
LUMUABKU CaMa 0OpasyeT LUMUAbKY

Single-stranded
. e region



Bonpoc:

® Yto ByaeT, ecAM AAMHA LUMKAEK B

nceBAOY3Ae ByaeT, ckaxkem, |2
HYKA€OTMAOB!



AasanTtopHas runoTesa (1955)

Amino acid
J \/

[~ Amino acid
binding site

Adaptor

TEHR A

CUAUGWAAGUCGG

: S | Francis Crick
Nucleotide triplet
coding for an ( I 9 I 6-2004)

amino acid

MmMRNA =

® Mexxay MPHK 1 6eakamu cyuiectsyeT asanrop,

CTaBSALLUN B COOTBETCTBUE MrEHETUYECKYIO
MHPOPMaLUIO U AMUHOKUCAOTDI



TpexbykBeHHbIM Koa (1953)

® 20 aMUHOKUCAOT

® 4 HykaeoTHAa

® |-6uTHBIN KOA: 4 BapnaHTa

[eoprumn ['amos
(1904-1968)

® 2-6uTHbIN KoA: | 6 BapMaHTOB

® 3-6utidiHRMES D SoakiHeem 20!



YHUBEPCaAbHbIN FeHETUYECKUN KOA

Second Position

U G

Uuu Phe / F UuCcu uUGuU WS/C U

U UucC UcCcC UGC C

UUA teu /1 UCA UA. STOI JGA T A

UuUG UCG UAG STOP G

R |
~ |& Lleu/L 5 Pro/P Arg /R =
o CUA CCA CAA Gin/Q CGA A g
I CUG CCG CAG CGG G|
o a
i i Ty Ser/S - g*l
L AGC clS

AGA A

Arg /R

AGG g/ G

GGU U

GGC C

Gly/G
GGA Y/ A
GGG G

61 cmbicaoBOM TpUnaeT. Ho y yeAoBeKa TOABKO
38 pasHbix TPHK. Kak Takoe moxeTt 6biTb!?!



OTKAOHEHUS OT reHeTUYEeCKOro Koaa

Copyright © The McGraw-Hill Companies, Inc, Permission required for reproduction or display.

Table 18.1 Deviations from the “Universal” Genetic Code

Source Codon Usual Meaning New Meaning
Fruit fly mitochondria UGA Stop Tryptophan
AGA & AGG Arginine Serine
AUA Isoleucine Methionine
Mammalian mitochondria AGA & AGG Arginine Stop
AUA Isoleucine Methionine
UGA Stop Tryptophan
Yeast mitochondria CUN* Leucine Threonine
AUA Isoleucine Methionine
UGA Stop Tryptophan
Higher plant mitochondria UGA Stop Tryptophan
CGG Arginine Tryptophan
Candida albicans nuclel CTG Leucine Serine
Protozoa nuclei UAA & UAG Stop Glutamine
Mycoplasma UGA Stop Tryptophan
N = Any base

® MutoxoHApuM, HekoTopble BakTepun U

npocrenLine



HekaHOHMYeCcKMe aMUHOKUCAOTDI

HSe
® CeaeHoumcTenH o N OH
(UGA) N
® CeA€HOMETUOHUH  H,N 0
(AUG) OH

® MuppoaAunsun
(UGA)




[ lpocTpaHcTBeHHas cTpyKTypa TPHK

(a)

(b)
T¥CG loop Acceptor stem

Amino acid
(alanine)

TAcceptor stem

Variable
loop

Anticodon loop

--------------



MoaundmumupoBaHHblie HYKAeoTUAbI B TPHK

® 2’-O-methyl (A,
C,U,G)

* MG, m'G, m*G,
m?2G, m>C, m3C

*Ly,WrT,D

m'l, i°A, m'G, yW, t°A

® 4_.Ac-A

I, Gm, Cm, m*C, ¥, mcm>U, mcm?3s2U, ncm°U, ncm3Um

http://modomics.genesilico.pl/




HekaHoHUYeckue cTpyKTypbl B PHK

nucleotide 1 nucleotide 76

;W i g& (3' end with
54-58 AT O [, — attached
, e - amino acid)

55-18
56-19

22-46
23-9

45-10 _ T
44-26 ! L. =

RO

ions

(B) anticodon (C)



HekaHoHWYeckue napol B TPHK

%ﬁ* RS

F Ay &
g w5

http://bps.rutgers.edu/bps
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HeopraHuyeckue UoHbI B CTPYKTYpe
TPHK




CT1abuAbHbIE TETPaAYMbl

- N-R-A
G/g / Stack unpaired,

» d
cros Sst ; 2’: i / / o‘rj"rntshtéi'7 g’lf: lccjf e
o R
GNRA-tetraloop e >@ i
— —

base pair /

\

® Ctabuamsmpyetcs

CTeKUHTr-
B3aAaUMOAEUCTBUAMMU

High Energy
Backbone Rotamers
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Kak 38 TPHK moryT

«obCcAykmBaTb» 6|
KOAOH!!



Wobble-runotesa (F.Crick, 1966)

Identical
leucine
tRNAs
GAG GAG
; ; .  Normal .+ 1+ Wobble
mRNA C U C pairing C U U Ppairing
5’... III3, 5’... ll.3’

® O6bacHseT, noyemy TPHK meHbLue, yem

KOAOHOB



BapuaHTbl wobble-B3anmoaencTeumi

LEL AR Wobble in the Genetic Code (e e =
Nucleotide Third nucleotide
: - of anticodon of codon
Nucleotide at Nucleotide at a C. U
5" End of Anticodon 3’ End of Codon e T
o U AU, G, (C)
G can pair with UorC | U,C.A
; U xm®s2U
C can pair with G GT:US } A
A can pair with U xm°U
. . 5
U can pair with Aor G \ﬁé’cu A )

I (inosine) can pair with A,U,orC




HekaHoHM4YecKMe napbl B KOAOH-
AHTUKOAOHOBOM B3aMMOAENCTBUM

H
g C=N H
HC cC—~0 Cy—=N ‘
Uridine N O e NNy
A Adenosine | 0
C:‘ C H . N__::A N : 1l
0 0O C H C N
‘ H N C
H. G N ! CH Inosine
N : e, .C
CH Guanine N N
/C N 3
H,N N \ =
o
H
H : HC” C=0
2 Uridine ! 'w\l
ke BT N
ine 0 O
AN N ! Q.. :
| N A N C \
0 | CH Inosine | CH  Inosine
HC, _C N/- HC C N

C, Cy



3 tRNASer - 6 TPMNAETOB

Table 9-2 Different tRNAs That Can Service Codons

for Serine
tRNA Anticodon Codon
tRNA>®", ACG + wobble UCC
UCU
tRNA>®, AGU + wobble UCA
UCG
tRNA>, UCG + wobble AGC

AGU

Table 9.2
Merodw tion te Genetic Analysis, Nnnh Edizion
© NOS'W M Freeman and Company



KTo 3aMeTuA ownbKy

Ha NpPeAbIAYLLEM
cAanae! ;)



AmuHoaumna-TPHK cuHTeTasbl

Qat
Amino acld\ @
Amino acid P PRy
and ATP bind P

to enzyme
Enzyme catalyzes
PA ~ :

coupling of amino

Pp ATP acid to AMP to form
aminoacyl-AMP,
Two phosphates
Aminoacyl-tRNA synthetase are lost in

the reaction.

Enzyme pP

returns to

its original

state

~Val g
aa-tRNA and Uncharged

AMP released.C A A tRNA
aa-tRNA-enzyme éfs) aa-AMP-enzyme

CAA \
C AA
AminoacyltRNA @
(aa-tRNA)

Uncharged
tRNA binds
to the
enzyme

Enzyme transfers amino acid

from aminoacyl-AMP to tRNA

to form aminoacyl-tRNA (aa-

tRNA). The aa-tRNA and AMP CAA
are released from the enzyme.

® HekoTopble ARSase MoryT aAeaLmMAMpoBaTb
HenpaBUAbHO auMAMpoBaHHble TPHK



Y Bac AOAXKHbI ObIAM BO3HUKHYTb
BOMPOCHI:

® K kakomy koHuy TPHK npuwmnsaetcs

AMUHOKUCAOTA!

® Kak ammHoauma TPHK cuHTeTasa
pacnosHaeT ceoto TPHK!?



|ldentity Elements

Arg/As Arg/As
(RNAMTAP  (RNASTEAP
A
¢ ( G
As i .
tRN AP 87 transplantation
S of aspartate g 4
o- G identity set s
0=3 oTe uu
oan U eeees A Ly L
(_.,S L' }ﬁ, G.l(] (U(r'g CCU . CA )
G GAA Uc 4 ™ ]
D A <?- g.«(;« | tRNAg\rg/Asp tRNA&\rg/Asp
lj | (f G v=4
30 (C:-—.(l:, 40 & 4
U C
U G
G u C
35 g g
* o
0ge 0o

N3meHss identity elements, Mo>xkHo obmMaHyTb ARSase - 1
OHa HaYyHeT HaBeLMBaTb HE TY aMUHOKUCAOTY



CospesaHue TPHK N. eqUitanS

< e

transcript 1

transcrlpt 2

5'g

TG

llllllll

® Ase noaosBuHkM TPHK

3aKOAMNPOBaHbI B
Pa3HbIX reHaX Ha pairing
Pa3HbIX XpOoMOCOMaXx

5l
‘ endonuclease
00 p oo " »"‘. : 'igase
CCA addition
>



RNAse P

® RNP -
PUOOHYKAEOMpPOTENH

® RNAse P - pubosum

® Ho! RNAse P u3

MUTOXOHAPUN
4YeAOBEKa He
coaepxut RNA




[lpoueccnHr TPHK

A B C D E
RNase P / ERNase £ v Y AMP+PPi 4
\ i« 3 4 3 CCASG :: : AA  + ATP
5 +1 +1 w
# #
L
A
RNase P_‘rRNase Z

tRNA Bbipe3saeTca us
TpaHckpunTa (Pol 1l1)

® V apxeit u aykapuToT B
tRNA ewe ecTb MHTPOH

Antlcodon

SEN complcx



AmMnHoauma-TPHK

"* R group Amino acid

Amino attached by
oroup W e pow
o ’ C=0 carboxyl g ;
- | last ribonucleotide
Ha 3 KOHLE BCEX OH O group of tRNA chain

TPHK HaxoAuUTcS E >|CH
0O i 2

CCA-Tpunaet o

® OH He 3akoAMpoOBaH B e WO ool A

nucleotide
are -C-C-A-3’

AHK, a AooBelumBaeTcs 5
NoCT-
TPAaHCKPUMUUOHHO —



[1lpoueccuHr pubocomubix PHK

ETS1 — ITS1 ITS2 ETS2 478
]
—— ] ] 5
— ] ] 48
20S and 32S
I ]
Mature rRNASs
] ] ]

18S rRNA 5.8S rRNA 28S rRNA



CpaBHeHME NPOKaApUOTUYECKUX U
3YKapUOTUYECKMX pnboCcom

Bacterial ribosome
708 M, 2.7 x 10°

508

M, 1.8 x 10°
5S rRNA

23S rRNA

36 proteins

M, 0.9 x 10°

16S rRNA

(1,540 nucleotides)
21 proteins

(120 nucleotides)

(3,200 nucleotides)

Eukaryotic ribosome

80S M .4.2 x 10°

M, 2.8 x 10°

5S rRNA

(120 nucleotides)
28S rRNA

(4,700 nucleotides)
5.8S rRNA

(160 nucleotides)
~ 49 proteins

408

M, 1.4 x 10°

18S rRNA
(1,900 nucleotides)
~ 33 proteins

Prokaryotic*

Component

Small (30S) subunit

165 RNA

Proteins (21)

Large (50S) subunit

23S RNA
55 RNA

Proteins (32-34)

Mass, kDa

850

500

350 (total)
1450

950

40

460

Complete (70S) ribosome 2300

Eukaryotic®
Component Mass, kDa
Small (40S) subunit 1440

18S RNA 700
Proteins (~30) 740
Large (60S) subunit 2800
28S RNA 1700
5.85 RNA 51
55 RNA 39
Proteins (~46) 1010

Complete (80S) ribosome 4240

¢ Data from Wittmann, H. G. (1982) Ann. Rev. Biockem. 51, 155-183. Based on
sequences of all components, Presence of spermine, K*, etc., may add 107

* Data from Freifelder, D. (1983) Molecular Biologv, 2nd ed., Jones and Bartlett,
Boston, Massachusetts (p. 419) and Mao, H., and Willhamson, |. R (1999) | Mol

Biol. 292, 345349,



LleHTpudyrmposaHue B rpapmeHTe
caxaposbl

895 } polyribosome ‘

; 60S/
408 ~

OD 254 nm

[T I 1 1 ' T 1T 1T T 1 S
top * bottom
sedimentation

KoadpPpuument ceanmentaumm (S):
3aBUCUT OT GOPMbI HacTULbI
3aBUCUT OT MACChl YaCTMLbI



Cbopka pnbocombl

16S ribosomal RNA

By

® VYmeHue pazbupathb u

cobupatb pnbocomy
NO3BOAUAO
AOKaAM30BaTb Ha Heu
MHOIMe BaXKHble
YyYaCTKM




23S rRNA
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23S rRNA
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2000 -

2000 -

2001 -

2004 -

7osuws 1 hermus thermophilis, 3,3A
CTpPYKTYPHbIM aHaAU3 pubocom

50S 13 Hg oar: LI?/EI marlsmortu1,8,4£\

sosus T hermus thermophilis c i1, 3,24

s0s us SaCCharomyces cerevisiae co csssanmbim eEF2, 11,74

cryo-EM

2009 -

2010 -

2011 -

2011 -

2013 -

2013 -

sosus | hermomyces lanuginosus, s s, cryo-em

sosus [riticum aestivum, ssa, cryo-em

sos s daccharomyces cerevisiae, s

ssus Tetrahymena thermophila co cessarmsm c veii elF1, 3,94

60S n3 Tetl‘ahymena thermOPhila CO CBSI3aHHbIM C Helt elF6, 3,5A

80S n3 Trypanosoma brucei, 5A, cryo-EM

c e e



Pubocoma E.COlI (koHeL, 80-x)

50S




ermus thermophilis 7os
(Yusupov et.al, 2001)




KaTtaanTmnyeckmm LeHTp prubocombl
«caeAaH» n3 PHK?
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" 2 e A Catalytic ¢ ¥R cAal 5
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LERII et @1 base (?) IR R RN 11 c
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AUy A | Y2400 A%k
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50S ribosome
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3 yyacTKa cBsizbiBaHMA TPHK Ha
pnbocome

E: Exit site for free tRNA P: peptidyl-tRNA A: aminoacyl-tRNA




® Unnumaumsa: TPHK ceasbiBaeTcs ¢ P-

CauToM

® SaoHraumsa: TPHK ceasbiBaeTcs ¢ A-caliTom



DAOHraums TpaHcaaumu. Lar |.

® UHuumatopHas Mer-
TPHK B P-caite

P site
E site —

Peptidyl-tRNA

A site

L . ® A-caint ceoboaeH




DAoHraums TpaHcaaumu. LLar l.

® P-caniT 3aHsaT

NMnentmama-TPHK

® B A-canT
cBsI3blBaeTCS HOBas
aMmnHoauua-TPHK




DAoHrauus TpaHcaaumu. LLar 11

TpaHcnenTuaauums.

® tPHK B P-carite 6es3

AMUHOKMCAOTbI, HO
nenTtua - B P-cante

® tPHK B A-canTe

CBA3aHa C NenTmAoMm




DAoHrauma TpaHcaauum. Lar V.

T paHcAoKaums.

® Pubocoma

nepemMeLL,aeTcs Mo
MPHK

® B E-caiTe -
A€aLMAMPOBaHHas

TPHK

® B P-caiTe -

nenTMAMA-TPHK

® A-cait nyctoi



Pu6ocoMHbIN TYHHEAD




KoHeL



