[LGNO114 — Biologia Celular

Traduzindo o Codigo Genético

Aula 6

Antonio Figueira

figueira(@cena.usp.br




Arquitetura de Genomas
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Etapas caracteristicas da transcri¢ao
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Um gene =2 unidade da informacio genética que controla a
sintese de polipeptideos ou uma molécula de RNA estrutural
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Transcricao simultanea multipla - Procariotos
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Direcao de transcritos em Procariotos
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Cistrons e processamento do RNA
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mRNA de Procariotos pode ser policistronico e
co-regulado em Operons

prGrmoer

1 E D C B A
I I e ]~ /. .o0/i v oo me
Cperalarn 1
I A A molecule
& & &2 A @

enzymes for tryptophan biosynthesis



Transcri¢ao: Visao Geral

o Nos eucariotos a transcricio ocorre no nucleo, enquanto a traducao
ocorre no citoplasma
O Ja nos procariotos tal separacao celular nao existe, sendo os dois

processos acoplados no mesmo espaco
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(a) Prokaryotes. (b) Eukaryotes.



N32o ha processamento de mRNA em
Procariotos!!

Portanto, mais de uma cadeira polipeptidica,
proveniente de um UM UNICO GENE
mediante o Splicing Altenativo ocorre somente
em Eucariotos




Splicing Alternativo gerando diversas Proteinas
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Estrutura de genes humanos com arranjos de exons e introns
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Traducao

As proteinas sao sintetizadas a partir dos moldes de mRNA por
um processo altamente conservado durante a evolucao.

Protaina em sintase

Subunidade malor

Aminodcidos



Traducao

Interpretagao

AAGTCCTTTTAAATAAATAATTCTAGCTATATTTGCAAC
GTTGGAAAATTAGCTATTCTAATGTTATCGAAAGAAGAA
CACAGTTACTTAGTTTCTCOGCAAACTATATCAAAATGA
GAAGGTGAAAGAGTGGCATAATGATAAGCAAATCTGAAA
ATTTTTTGGTATAATAATCTTGATTGAAATTTGAATGGA
GTAGGCTTACCAAATGTTGOTAAATCAACCTTATTTAAC
ATTATCCTTTTGCGACTATTGATCCCAATGTTGGTATGE
GACAGAATTGATTACACCTAAAAAAACAGTTCCGACAAC
AAAGGTGCTTCTAGAGGGGAAGGTCTAGGAAATAAATTT
TTCATGTGGTACGTGCTTTTGATGATGAAAATGTCATGC
TCCTATAGCAGATATTGACACTATTAATCTTGAATTAAT
TATGCGCGTGTTGAAAARATGGCACGAACTCAAAAAGAT
AAAAGATTARACCTGTTTTGGAAGATGGGAAATCAGCTA
AGTTGTTAAAGGTCTCTTTTTATTAACAACTAAACCTGT
GTTGCTAATCTAGATGGTATTGATTATGTCAAACAAATT
TAGTTGTTATCTCAGCGCGTGCAGAAGAAGAAATTTCAG
GGAAGCTATCGGTCTTACTGAATCAGGCGTTGATAAATT
GGAACCTATTTTACAGCAGGTGAAAAAGAGGTTCGTGCT
AAGCTGCTGGTATTATCCATTCAGATTTTGAAAGAGGTT

lii

Codigo genético
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Laurel Cook Lhowe
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Caracteristicas Gerais da Tradugao

Todos os RNAs mensageiros sao lidos na dire¢ao 5-> 3’

As cadeias polipeptidicas sao sintetizadas da extremidade
amina (NH,) para a carboxila (COOH) — ligacao peptidica

A traducao ¢ realizada pelos ribossomos, com os RNA

transportadores como adaptadores entre o molde de mRNA e
os aminoacidos

Cada aminoacido ¢é especificado por tres bases (codon) no
mRNA — codigo genético universal.
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O codigo genético € universal!

- - O DMNA da bactéria A Bactéria alterada
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Amino Acido
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Ligacgao Peptidica
Ligacao peptidica
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Cdodon e Anticodon

mRNA
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Aminoacil - tRNA sintetases

Para que uma molécula de tRNA se ligue ao aminoacido correto sao

necessarias 20 enzimas diferentes que reconhecam, especificamente,

aminoacidos e seus tRNAs compativeis

Cada enzima liga um aminoacido especifico a seu tRINA correspondente,
sendo capaz de reconhecer diferentes tRNAs para o mesmo aminoacido. Estas
enzimas ligam o aminoacido a hidroxila 3' livre da adenosina terminal do

tRINA.




Aminoacil - tRNA sintetases
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Amino ‘!k'
acido ligado

Phe

J/ loop

anticodon forma de trevo :
(A) (B) (e (E)

5’ GCGGAUUUAGCUCAGDDGGGAGAGCGCCAGACUGAAYAY CUGGAGGUCCUGUGTYCGAUCCACAGAAUUCGCACEA 3
L 1

(D) anticodon



Segunda Posigado

Ser Tir

Ser Ti

Ser

Ser

Pro His

Pro His

Pro Glin
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Trn Asn
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Trn Lis

Trn Lis

Ala Asp i

Ala Asp Gli

Ala Glu Gli
VAl Ala Glu Gli

O Codigo Genético ¢ Redundante e Degenerado



Amino acid

3-Letter code

1-Letter code

Codons

Alanine Ala A GCC, GCU, GCG, GCA

Arginine Arg R CGC, CGG, CGU, CGA, AGA, AGG

Asparagine Asn N AAU, AAC

Aspartic acid Asp D GAU, GAC

Cysteine Cys C UGU, UGC

Clutamic acid Glu E GAA, GAG

Glutamine Glin 0 CAA, CAG

Glycine Gly G GGU, GGC, GGA, GGG

Histidine His H CAUL, CAC

[soleucine lle I AUU, AUC, AUA

Leucine Leu I UUA, UUG, CUA, CUG, CUU, CuC
__Lysine Lys K AAAANG

Methionine Met M AUG start codon -iniciador

Phenylalanine Phe F UUG, buu

Proline Pro P CCU, CCC, CCA, CCG

Serine Ser S UCU, UCC, UCA, UCG, AGU, AGC

Threonine Thr 1r ACU, ACC, ACA, ACG

Tyrosine Tyr Y UAU, UAC

Tryptophan Trp W UGG

Valine Val vV GUU, GUC, GUA, GUG

“Stop” — — UAA, UAG, UGA |stop codon -terminador




AGA UUA AGC
AGG UuUG AGU

GCA CGA GGA CUA CCA UCA ACA GUA
GCC CGC GGC AUA CUC CCC UCC ACC GUC UAA
GCG CGG GAC AAC UGC GAA CAA GGG CAC AUC CUG AAA UUC CCG UCG ACG UAC GUG UAG
GCU CGU GAU AAU UGU GAG CAG GGU CAU AUU CUU AAG AUG UUU CCU UCU ACU UGG UAU GUU UGA
Ala Arg Asp Asn Cys Glu GIn Gly His lle Leu Lys Met Phe Pro Ser Thr Trp Tyr Val stop
A R D N E Q G H 1 L K M F P S T w Y Vv

Figure 7-24 Essential Cell Biology 3/e (© Garland Science 2010)

1 5‘*‘ G ety G “h‘i
A lettura correta —Leu— Ser——Val—— Thr—
do cédigo
genético pelo > _Uf % %:\_ﬁ*’

ribossomo é
vital!ll " CU | CAG,  CGU  UAC CAU_
— GIn Arg Tyr His—

Figure 7-25 Essential Cell Biology 3/e (© Garland Science 2010)




PROCARIOTO

EUCARIOTO

Sinais para o inicio da Tradugao

Sequéncia Codon de iniciacao
Shine-Dalgarno da traducéao
mRNA —— b

5*AACACAGGAGGAUUAUCCAUGUCGACUCGTAU" " 3'
nnnm

aovuccuCc,

6 5
£ S

j L\ 9
3 Regiao do B UUGGCGUCCAAGGGGGAUGCCAAS'
16$ pareamento de término
rRNA bases

Figure 12-16 Principles of Genetics, 4/e
© 2006 John Wiley & Sons

(Sequéncia de Kozak)

5 - GCC(AouG)CCAUGG - 3




Sinal para o inicio da tradugao em eucariotos

mRNA ,CAPS’

3"9RNNNNNNGCCRCCAUGG

’Cédon de Término

UGANNNNNNNNNAAAAAAAAAAASZ'

\l Seqiiéncia Codon de Iniciagdo Cauda Poli-A
de Kozak

SUTR 3'UTR
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https://www.dnalc.org/resources/3d/TranslationBasic withFX0.html



https://www.dnalc.org/resources/3d/TranslationBasic_withFX0.html

Start Codon e Stop Coédon

Inicio: codon de iniciacao da sintese proteica

— AUG -

l

METIONINA

Terminacao: trés cédons terminam a sintese proteica

— UAG — UAA — UGA -




Start Codon e Stop Coédon

0 Delimitam a regiao codificante (regiao que € transcrita e traduzidal)

5 UTR Regido codificante do gene
\ \




Traducgao: Inicio e Fim

TTCATACTTGGTTAAGACCTTTACAAGCCGACCAACGTGGTGAC
AGTGTCGTCCTTTACGCACCGAATCCCTTTATCATTGAATTAGT
AGAAGAGCGATACTTAGGACGTCTTCGGATEFAATCTTGGTCCC
GTTGCCTGGAACGTCTTGAAACTGAATTCCCGCCAGAAGATGTT
CATACTTGGTTAAGACCTTTACAAGCCGACCAACGTGGTGACAG
TGTCGTCCTTTACGCACCGAATCCCTTTATCATATTGAATTAGT
AGAAGAGCGATACTTAGGACGTCTTCGGGAATTGTTATCCTATT
TCTCAGGAATACGTGAAGTAGTCCTTGCAATTGGCTCACGACCT
AAAACAACAGAACTACCCGTACCAGTAGACACTACAGGACGTTT
GTCTTCAACAGTCCCATTTAACGGAAATCTCGACACACACTATA
ACTAATTTTGTTGAGGGACGAAGCAATCAACTCGCTCGT
GCTGCAGCTTGGCAAGCGGCACAGAAACCGGGAGACCGTACTCA
CAACCCTCTATTGCTCTATGGTGGGACTGGTTTGGGTAAAACCC
ATTTAATGTTTGCTGCAGGTAACGTAATGCGGCAAGTAAACCCA
ACTTATAAAGTAATGTATCTTCGTTCGGAACAGTTTTTCAGCGC
CATGATAAGAGCGTACAAGATAAAAGTATGGATCATAAGGGTAA




P - sitio de
E - sitio de saida ligacao peptidil . ;
do tRNA aminoacil

A - sitio de ligacao

3'

Alanyl-tRNA”?

Traducao
=

Figure 12-14a Principles of Genetics, 4/e
© 2006 John Wiley & Sons



Traducao

INICIACAO ALONGAMENTO TERMINO

% 405 stibiamit C,_g)
5

an-tRMA /
@EHS subunit

=

NH,*

Dobramento das Proteinas

https://www.dnalc.org/resources/3d/13-transcription-advanced.html



https://www.dnalc.org/resources/3d/13-transcription-advanced.html

large
ribosomal
subunit

subunit

mRNA-

binding site
(C) (D)

Figure 7-32 Essential Cell Biology 3/e (© Garland Science 2010)



Met

tRNA iniciador

l Ligac¢ao com o mRNA

A . MmRNA
3’

AUG

Figure 7-35 part 1 of 5 Essential Cell Biology 3/e (© Garland Science 2010)



Movimento até
encontrar a o codon

AUG

Figure 7-35 part 2 of 5 Essential Cell Biology 3/e (© Garland Science 2010)



‘Met

5’ 3’
Fatores de iniciacio <—
dissociam-se da Y ( |
subunidade menor dc y
. Y
ribossomo \

| Subunidade maior
‘Met do ribossomo se liga

a menor
5’ 3’

Figure 7-35 part 3 of 5 Essential Cell Biology 3/e (© Garland Science 2010)



Aminoacil-tRNA se
liga a0 sitio A

5! 3'

Figure 7-35 part 4 of 5 Essential Cell Biology 3/e (© Garland Science 2010)



Primeira ligacao
peptidica entre os
aa

3!

Figure 7-35 part 5 of 5 Essential Cell Biology 3/e (© Garland Science 2010)



E continuadamente....

growing polypeptide chain

newly bound
~_~tRNA

3 ’
ejected
tRNA

LARGE SUBUNIT TRANSLOCATES »

ejected tRNA
sl

https://www.dnalc.org/resources/3d/16-translation-advanced.html

Figure 7-33 Essential Cell Biology 3/e (© Garland Science 2010)


https://www.dnalc.org/resources/3d/16-translation-advanced.html

DNA

PROMOTOR

-35

TTGACA-14N-TATAATAA-9N-CACAGGAGGATTATTT

MRNA

PROTEINA

-10  +1

CACAGGAGGAUUAUCC

START CODON

ATG

3’

AAATTCCCTTCTTGG

STOP CODON
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uud
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UGG
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TRADUCAO EM PROCARIOTOS




Chaperonas e Tradugao

Dobramento de proteinas
Proteinas de Choque Térmico (HSPs)
BiP (Binding Protein): HSP70 do RE

Proteina
dobrada

Chaperona D il
" Polipeptideo §

@€ completo - C
N7 liberado ’




Sinalizagao protéica: peptideo sinal

PROTEINA DESDOBRADA PROTEINA DOBRADA
7~ COOH) ) NH,
e peptideo
SO COOH. | G i
g <

_ regiao

HoN € S D COOH

\/

regioes que contribuem para a regiao-sinal

Exportacdo para niacleo/mitocoéndria/plastideos/RE

Dominios de reconhecimento e direcionamento

Alberts et al., 2004



Chaperonas e Transporte de Proteinas

Cadeia peptidica

" Chaperona citosélico

, Chaperona mitocondrial

Proteina dobrada

Mitocondria



Visao Geral

a) Prokaryote b) Eukaryote

RNA
~ polymerase

DNA

Nucleus
T~

Precursor
mRNA )
~ (pre-mRNA)

 Processing
(5 cap,

- 3 poly(A),
= intron removal)
mRNA “
= Polypeptide

- being synthesized

Ribosome ——— Cytoplasm



introns éxons
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INICIAGAO DA TRANSCRICAO

ELONGACAO TERMINAGAO
FORMAGCAO DA
SEQUENCIA-LIDER

seqiiéncia-lider 4 POLIADENILAGAQ cauda de poli A

¢—= Fare| E_— AAAA

SPLICING DE RNA

EXPORTACAO ¥
NUCLEO

CITOSOL
mRNA

i =
—» DEGRADACAO DE mRNA v I~

Y  INICIO DA SINTESE DE PROTEINAS

AAAA

FIM DA SINTESE
DE PROTEINAS

H,N COOH

l;» DEGRADACAO DE PROTEINA
H,N —— ) COOH

Resumo de Transcricao
e Traducao

Eucariotos

Alberts et al., 2004



A proteina gigante do musculo titin contém 38 138 residuos de
aminoacidos (contém 363 éxons) que tem um papel importante na

contracao e elasticidade dos musculos
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titin 11 titin 127
Theoretical Biophysics Group
Beckman Institute
Univeristy of [llinois at Urbana-Champaign



Estrutura de éxon-intron do gene titin (293 kb)
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VISUALIZANDO O PROCESSO...

https://www.dnalc.org/resources/3d/TranslationBasic withEFX0.html

http://www.biostudio.com/demo freeman protein synthesis.htm

http://www.youtube.com/watch?v=DcCnmPeutP4



http://www.biostudio.com/demo_freeman_protein_synthesis.htm
http://www.youtube.com/watch?v=DcCnmPeutP4
https://www.dnalc.org/resources/3d/TranslationBasic_withFX0.html

ESTUDO DIRIGIDO

1. Processamento do RN A mensageiro em eucariotos;
2. Componentes da traduc¢ao;

3. Caracteristicas gerais da traducao;

4. Coédigo genético.

Capitulo 7 — Do DNA a proteina: como as células leem o genoma (paginas 246- 260)
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