CCM121 Biologia Molecular

CODIGO GENETICO E TRADUCAO
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RNA mensageiro

(4 bases) ACGU

Proteina
(20 aas)

Ala Arg Asn Asp Cys GIn Glu Gly His lle Leu Lys Met Phe Pro Ser Thr Trp Tyr Val




Caodigo genetico

E a relacdo da sequéncia de bases no DNA (ou RNAm

correspondente) e a sequéncia de aminoacidos nas proteinas

AGA UUA AGC
AGG UUG AGU
GCA CGA GGA CUA CCA UCA ACA GUA
GCC CGC GGC AUA CUC CCC UCC ACC GUC
GCG CGG GAC AAC UGC GAA CAA GGG CAC AUC CUG AAA UUC CCG UCG ACG UAC GUG
GCU CGU GAU AAU UGU GAG CAG GGU CAU AUU CUU AAG UUU CCU UCU ACU UGG UAU GUU
Ala Arg Asp Asn Cys Glu GIn Gly His lle Leu Lys Phe Pro Ser Thr Trp Tyr Val
A R D N € E Q G H I L K F P S T W Y V
Figure 6-50 Molecular Biology of the Cell 5/e (© Garland Science 2008) Seond letter
Uuu ] ucu | UAU UGU U
A . - £ Phe Tyr Cys
1- Trés nucleotideos codificam para oue P Uee [ g, UAS)™" o o% g
_ o UUA T .., UCA UAA Stop UGA Stop A
um amlnoaCIdO. UUG__ UCG: UAG Stop UGG.Trp G
cuu ccu CAU | mis CGUY u
» Todos os 64 codons sdo usados . 18] S |Leu oo | pro one. ig g §
, . y = e e s ~ =z .
* 61 codons para aminoacidos (1 de iniciagdo — AUG) % || cuc | €CG | cac | ®" cee . G
« 3 cddons de terminagdo (STOP) -UAA, UAG, UGA £ | auwu | ACU | AAU, - AGU | U
ic sn Ser
AUC [lle  ACC | = AAC . AGC | c
AUA | Aca | ' M_Lvs AGA 1 pr0 A
' F ST L AUG Met ACG | AAG | AGG | G
2- O codigo genético € degenerado. : _ : :
GUU GCU GAUT, =~ GGU U
GUC | ., GCC| = GAC. P GGc o |G
GUA GCA | M GaA T GGA | ' A
G

GUG | GCG | caG /%Y GGG |

Jana| payL



Cracking the genetic code Marshall Nirenberg, 1961

Aminoacyl- UUU Q
tRNAs Ribosomes
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A % 3

he

Trinucleotide

g

CSA@* % P
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Trinucleotide and all tRNAs Ribosomes stick to filter Complex of ribosome, UUU,
pass through filter

and Phe-tRNA sticks to filter

Phe marcada com 14C
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Marshall Nirenberg, the Nobel Prize-winning
biochemist (1968) cracked the genetic code in 1965.




3- No codigo genético nao ha sobreposicao

5/ 3
CucC AGC GUU ACC AU
1 i i i i h Lido no sentido 5 —3’ do mRNA
—Leu Ser Val Thr —

3 possiveis quadros de leitura
(ou fases de leitura)

> a|UCA ||GCG ||UUA ||CCA |hU

Ala

- Ser Leu Pro —

CcuU ||CAG ||CGU ||UAC ||CAU |
3

— GIn Arg

Figure 6-51 Molecular Biology of the Cell 5/e (© Garland Science 2008)

His —

Tyr




Fase aberta de leitura ou quadro aberto de leitura
(ORF, Open Reading Frame)

5" 3
mmmmmmmm
unﬁ rrrﬁun‘luluuF uvji"]uﬁ(:?l (mm n) _\rs‘ stop

A metionina inicial determina qual vai ser a fase de leitura




4- O codigo genético e (praticamente) universal

Por isso por ex. insulina humana pode
ser produzida em bactérias

Ha pequenas variacdes no codigo
genetico, principalmente nas
mitocondrias




Tipos de mutacgoes

Mutacoes pontuais

Silenciosa (silent)

Sentido trocado (missense)

Sem sentido (nonsense)

MutacOes de
mudanca de fase
(frameshift)

Normal DNA:
Normal Protein:

Silent:
New Protein:

Missense:
New Protein:

Nonsense:
New Protein:

" Insertion:
New Protein:

Deletion:
New Protein:

ATG TGT GTT TAT GGA...
Met Cys Val Tyr Gly...

ATG TGC GTT TAT GGA...
Met Cys Val Tyr Gly...

ATG TGG GTT TAT GGA...
Met Trp Val Tyr Gly...

ATG TGA GTT TAT GGA...
Met STOP

ATG TGG TGT TTA TGG A...
Met Trp Cys Leu Trp...

ATG TG-G TTT ATG GA...
Met Trp Phe Met...




Papéis desempenhados por RNAs na traducao

Ribosome
[MANA + protein)

tRNA
TN Fr
leaving ‘E:.E CAG
. C aa; t(RNA;
kNS Elrl:lrhring
&' 3

L"ﬁ.,r"‘j k"\r"J L"”-.r"'i k‘\r"J "“-1,',#"" L“\I"J Hﬁﬂfrlbumm

Codon Codon Codon Codon Codon Codon Codon
CER Adg ddg A8y ddg ddg 287




Estrutura dos tRNASs RNAs transportadores sao as

stiached arilio Sitio de ligagao moléculas adaptadoras que
acid (Phe) .~ do aminoacido traduzem o coédigo dos
3’ end nucleotideos em aminoacidos

acceptor

SECCAON>NA>

Bases modificadas depois
da sua transcricédo (Y=pseudouridina;

tRNA Phe D=dihydrouridina)
anticodon
loop
— anticodon a clover leaf
R CUU------- 5 mRNA
codon

Aminoacyl-tRNA
(Phe-tRNA Phe)




Quantos tRNAs sao necessarios
para decifrar o codigo?

617

31 — em E.coli




Pareamento oscilante (wobble) entre codons e anticodons

tRNA

wobble base-pairing

Explica como
um menor numero
que 61 tRNAs
pode corresponder

J posicao de a todos os codons
wobble position =™ pareamento
v oscilante
mRNA
—Phe
E Ay Gror] o anticodon
c Gorl (I = inosina) , :
A Uorl 3 AAG 5
G Corl , ,
5 UUU| 3
5 UUC| 3
codons




Pareamentos nao usuais
entre codon e anticodon

H
..____.-_H_r!q H
y /4
usual gisese” & o ST ”)_3""
M }—N
r;l_H e —— "\thm
Guanosine H Cytosine

Codon or anticodon

nao ”
usual |I:|n5e """ Ribose

Uridine
Codon or anticodon

Codon or anticedon

Guanosine
Codon or anticodon

Inosine H

H O L1
Inosine Cytosine [l
Anticodan Codaon
H M
|
P / ]
WG
—
Inosine

Anticodon




Aminoacil-tRNA sintetases
Enzimas que ligam os aminoacidos aos seus respectivos tRNAs

A maioria dos organismos tem 20 aminoacil-tRNA sintetases

amino acid

(tryptophan) ~

HN — high-energy H,N

bond

A (tRNA™™) CH,
on o Or
" N~ N ’CH N~”
D\ H A

1 LI [Awe + e,

P - linkage of amino acid tRNA binds to
tRNA synthetase ©  totRNA its codon in RNA
(tryptophanyl
tRNA synthetase)

Aminoacil-tRNA sintetases realizam correcao de erros

Fundamental para fidelidade da sintese proteica: ribossomo nao
verifica a identidade do AA ligado ao tRNA




Ribossomos e sintese proteica




Comparacao dos ribossomos procarioticos e eucarioticos

708

MW 2,500,000

50S / \ 305
__'_,4’"

.

MW 4,200,000

}W 1.600,\000 l\;ﬁ' 900,000 M;Z,SOO\OOO\ MW 1,400,000
55 rRNA 23S rRNA 16S rRNA 5SrRNA | 28SrRNA 5.8S5rRNA 18S rRNA
S = = = =
120 120 160 1900
nucleotides 2900 1540 nucleotides nucleotides leotl
nucleotides nucleotides nucleotides
4700
nucleotides
34 proteins 21 proteins ~49 proteins ~33 proteins
PROCARYOTIC RIBOSOME EUCARYOTIC RIBOSOME

Figure 6-63 Molecular Biology of the Cell 5/e (© Garland Science 2008)




Sitios de ligacao do tRNA e mRNA no ribossomo

mRNA-

Ry O
1t 4 o R, HH R, 0
TR Y 0 e -t R 10, Y
HoN =G ~C TN - C ~C H o© : Il L IL %
R, HHO h o |

peptidyl tRNA attached to aminoacyl-
C-terminus of the growing tRNA
polypeptide chain

tRNA molecule freed from
4 itspeptidyl linkage a

- o -
- S -

G B e

new peptidyl tRNA
molecule attached to
C-terminus of the
growing polypeptide
chain

A-site
large

a ribosomal A-site: aminoacil-tRNA
SulEE P-site: peptidil-tRNA

small E: exit
ribosomal
subunit

binding site




Etapas na traducao:
1- Inicio

2- Elongacao

3- Término




Inicio da traducao:
sempre com codon AUG

Existem dois tipos de Met-tRNAsMet .
tRNAI (tRNA iniciador)

tRNAMet + metionina —— Met — tRNAMet —— elongacao




Inicio da tradugao em eucariotos

coding noncoding
sequence sequence
Ce b b UG —AA 4
(l; —P P P AAAAA,, 550
| CH3 | l | |
SRR | T —— poly-A tail
protein

Figure 7-16a Essential Cell Biology (© Garland Science 2010)




https://www.youtube.com/watch?v=5bLEDd-PSTQ




Inicio da traducao em eucariotos

initiator tRNA
small ribosomal

bunit with iNniet
i) Fatores de inicio |
ki) da traducao (elFs): proteinas envolvidas
oy no inicio da tradugéo

elFAG g
— Jo—
elF4E 5’ cap

additional

:: ™ initiation factors

mRNA

5’ 3’ C
INITIATOR tRNA
m MOVES ALONG
&+ RNA SEARCHING
FORFIRST AUG AMINOACYL-

tRNA BINDS
(step 1)

3!

5':1

- YIr-
FIRST PEPTIDE
O BOND FORMS
elF2 AND OTHER A (step 2)
INITIATION FACTORS F LT 7
DISSOCIATE

LARGE
RIBOSOMAL




Elongacao

. newly bound

HsN A tRNA
: 5’ 3
outgoing
tRN E-site P-site A-site

Reagéao de peptidil
transferase

Uil

H:

outgoing tRNA




A atividade de peptidil transferase é executada

pelo rRNA 23S (ribozima!)

r

Roxo — proteina

- RNA
VVerde e vermelho — tRNAs

r

nos sitios A e P

N3ao ha nenhuma proteina
perto do sitio catalitico

r

r

e responsave

O RNA 23S

peptidil-tRNA tem papel na .o

catalise

S o
mu
D.q
o €
T2
o)

N@w
aq
EX
X2
O w
. -

Dlt
M v
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Q
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A 2 'OH da adenina do




Fatores de elongacgao
de traducao (EFs):
proteinas envolvidas
na elongacao

incorrectly basa-
paired tRMNAs
preferentially
dissociate

incorrectly base-
- paired t(RNAs

preferentially
5 dissociate




Término da traducéao codon de parada

}_.B.ND....-.OF <«Fator de terminacéo (RF)

RELEASE




Término da traducao

Estrutura do fator de terminacao (RF) humano e sua
semelhanca com um tRNA
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