X a2
B i o'quii;

QBQ2503 - 2023
Expressao Geénica

Profa. Dra. Suely Lopes Gomes (B12T, sala 1211)
Profa. Dra. Daniela Basseres (B12T, sala 1208)
1Q-USP



L ocal e Horario:

e Quintas-feiras, das 14h as 15:40h,
IQ - Bloco 6 inferior — Sala 608




Visao Geral do Curso

e 1 - Aulas Teoricas

e 2 - Listas de exercicios

e 3 - Duas avaliacOes escritas
e Nota final :

0,9 x (média das avaliacbes) + 0,1 (média dos exercicios)




Bibliografia Recomendada:

e Lehninger - Principles of Biochemistry.
David Nelson & Michael Cox.

 B. Lewin - Genes
* Alberts - Molecular Biology of the Cell
e Zaha — Biologia Molecular

RevisOes e artigos (em inglés) serao utilizados para
complementar os assuntos das aulas.
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Transcricao em bactérias
Fatores sigma


Apresentador
Notas de apresentação
Trabalho iniciado no pos-doc no MGH
Projeto FAPESP


Bactérias:

@ Resposta direta a variagc0es nas condi¢cdes nutricionais e
ambientais (Expressao Geénica Induzida-Inducao; Expressao Génica

Reprimida - Represséao)

@ Expressao Geénica Constitutiva (genes necessarios em todas as
condicOes de crescimento, que nao apresentam mudancas na
expressao em diferentes condicdes ambientais)

@ Transcricdo é o nivel mais importante da regulacédo génica

@ Transcricdo é acoplada com a traducao (simultaneas)



Como a informacao genética €
transferida do DNA para constituir uma
célula ou organismo?

Fluxo da informacao genetica
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Principais tipos de RNAs

MRNA (RNA mensageiro)
tRNA (RNA transportador)
'RNA (RNA ribossOomico)
SRNA (RNA regulatorio)

|
QUADRO 5.2 Moléculas de RNA em E. coli

Quantidade Coeficiente de Massa Numero de
Tipo Relativa (%) Sedimentagio (S) (kd) Nucleotideos
RNA ribossémico (rRNA) 80 23 1.8 % 10° 3.700
16 0,55 X 10° 1.700
5 3,6 X 10! 120
RNA transportador (tRNA) 15 4 25 X 10 75
RNA mensageiro (mRNA) 5 : Heterogéneo

Diferentes papeéis na traducao e na regulacao
génica (SRNAS)
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Fluxo da Informacao Génica

DNA 5 — A-G-A-G-G-T-G-C-T—3'
3'— T-C-T-C-C-A-C-G-A—5’

¢

ranscricao



Fluxo da Informacao Génica
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Fluxo da Informacao Génica

-G-C-T— 3’

DNA | 5'— A-G-A-G-G-
C-

T
3'— T-C-T- A-C-G-A—5'

-U-G-C-U—3'

C-

¢ ranscricao

mRNA | 5'— A-G-A-G-G
C-C-A C-G-A 5’

S Byl el

Arginine Glycine Alanine




Fluxo da Informacao Génica
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Fluxo da Informacao Génica
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Cada RNA transcrito corresponde a um
OU mais genes no Cromossomo

Leader l Trailer
g l 3 RMA

N Sttt U Protein
F"r{éem defines EMIE‘_% region

Length of RNA defines regidn ::-f gene
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l Em bactérias muitos mRNAS s&o policistronicos

procaryotic mRNA coding noncoding

sequence sequence

’ ’

perl SN S —
| | |

protein o protein 3 proteiny

s\/arios genes podem
ser transcritos num
Unico mMRNA

» Estes genes estao
organizados na for

genes regulados
coordenadamente




Nas bactérias a transcricao e
a traducao estao acopladas
A traducdo comeca logo apos o inicio da transcricao

Bacterial transcription and translation occur simultaneously

Transcription

Translation

o

Ribosome tranzslates mREMNA
=aatriiia ok -.w.r-.'Ergitl:I' CLIMm



Eukaryotic RNA is processed and exported

NUCLEUS
DNA - Exon 1 Intron Exon 2
Transcription l'
Em eucariotos, Pre-mRNA____ 3
0s MRNAs sao transcritos Splicing ‘

no nucleo, processados e
exportados para

0 citoplasma =Tran5p::-rt

(ndo ha acoplamento entre
transcricdo e traducéo) Ribosome ‘%’lﬁfﬂ

5'& e
l' Translation
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RNASs sao sintetizados pela RNA polimerase

Transcription bubble

DNA 3 | Nontemplate
strand

~17 nt

NTP

channel

RNA-DNA

hvhrid, Active

Direction of transcription



eSubstratos das RNA polimerases

Y B a
T 7 9
"0—P—0—P—0—P—0—CH; Base
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o 0 0
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| |
NMP
| |
NDP
L ]
NTP

Abbreviations of ribonucleoside

5'-phosphates

Base Mono- Di- Tri-

Adenine AMP ADP ATP
Guanine GMP GDP GTP
Cytosine CMP CDP CTP
Uracil UMP UDP UTP

Ribonucleosideos 5’ trifosfatos




‘RNA
polimerase de
E. coli

-As RNA polimerases
ndo tem mecanismo de
corregdo de erro

(taxa de erro 10-9)

-Subunidade w (6mega)
atua como chaperone

na montagem da
holoenzima

Functions

-Ligagdo ao
promotor e ajuda
na formagdo do
centro catalitico

Gene product
oA 2 a subunits ‘ } ‘ "
(40 kD each)

rpoB P subunit
(155 kD)

ﬂ\* \ ‘Centro

moC P’ subunit catalitico

(160 kD)

‘Reconhecimento
especifico do
promotor

rpoD o subunit
(32-90 kD)

E. coli enzyme = 465 kD



a Binding

Iniciacao

DNA strand

TTGACA TGNTATAAT +1
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-Sintese de RNA:
formagdo da ligacdo
fosfodiester envolve o
ataque nucleofilico do

3' OH da cadeia crescente
no fosfato alfa do carbono
5 da ribose do nucleosideo

trifosfato que sera

incorporado

5'end of 5' nucleotide
polynucleotide chain triphosphate

being added to chain

OH OH

Pyrophosphate
is released
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P
Regido promotora de genes bacterianos reconhecidos

pelo Sigma 70 (fator sigma principal de E. coli)

I Regido -35  Regido -10  Posicao +1
UP element —35 Region| Spacer |10 Region| Spacer RNA start
C ~ +1
OLBERSLS NNAAATATATTTTNNAAAANNN [N| TTGACA | Ny, | TATAAT | N,
sequence =
rrnB P1 AGAAAATTATTTTAAATTTCCT |N| GTGTCA | Njg | TATAAT Ng A
trp TICACAY N, RN N, A
lac TITTACA| N,; B Ng A
recA TICATAN N, DRSS N A
araBAD CTGACG| N;; |TACTGT | N, A




Dominios do fator sigma 70 e sua funcoes

3.2 loop

DNA Core DNA-binding
melting binding inhibition
I I
1.1

| /N
— Hroe

UP element -35 Ext.-10 -10 Discriminator




 RNA pol Holoenzima (cerne + fator sigma)

reconhece e se liga ao promotor especifico

o factor promoter

RNA polymerase i _ ; |

eIniciacao da transcricao




2 \ Forma-se o
complexo

_aberto




e [Nnicla-se a
sintese de RNA

RNA




RNA

 Fator sigma se desliga da RNA pol
holoenzima e so o cerne faz a elongacao




e Elongacao

' . pelo cerne da
RNA pol
\I’“\"

RNA




% Continua a
elongacao

o




RNA

RNA polymerase

%"\/- erminacao e
desligamento da

RNA pol do DNA







Terminacao da Transcricao

1. Independente do fator p (rho);

2. Dependente do fator p (rho).




Terminacao Independente de rho

llsomerize

Escape

Formacao de alca
Terminate no RNA




'l Terminacao da transcrigao
Sl através da formacao do
grampo de terminacao
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«Sequencia rica s

U G
_ ] \
em GC seguida .’
por cauda poliU 1]
C-G
*Terminacao C-G
Independente de rho G- C
C-G
C-G
G-C
U—A—A—U—C—C—C—A—C—A’ “\A—U—U—U—U—OH

5’ 3’

Figure 29-10
Biochemistry, Sixth Edition
© 2007 W.H.Freeman and Company




« Terminacao Dependente de rho

1. Regiao de terminacao da transcricao nao
tem sequéncia rica em A (poliU)

» 2. Nesta regiao ha sequéncia rica
em CA, reconhecida por rho
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Figure 29-12
Biochemistry, Sixth Edition
© 2007 W.H.Freeman and Company




AR Terminacao da transcricao
dependente da proteina Rho

« O monémero de Rho tem 46kDa e é
ativo como hexamero. Move-se ao
longo do RNA acompanhando a RNA
polimerase, utilizando energia da
hidrolise de ATP

« Com a pausa da RNA polimerase
na sequéncia de terminacao, Rho
alcanca a enzima

Rho desenrola o hibrido RNA-DNA

* O cerne da RNA pol ¢é liberado,
assim como o0 mRNA e o proprio
hexamero de Rho, que vai entao se
ligar a outro mRNA

Sequéncia de Terminacéao

dependente de Rho: ricaem C

AUCGCUACCUCAUAUCCGCACCUCCUCAAACGCUACCUCGACCAGAAAGGCGUCUCUU




Fatores sigma de E. coll

A troca dos fatores sigma na Holoenzima da
RNA polimerase permite a mudanca no
conjunto de genes que sao transcritos

Gene Factor Use -35 Sequence Separation —-10 Sequence
rpoD 6’0 general TTGACA 16-18 bp TATAAT

rooH o2 heat shock CCCTTGAA 13-15bp CCCGATNT
rpoE o heat shock not known not known not known
rpoN «:zri4 nitrogen CTGGNA 6 bp TTGCA

fliA o flagellar CTAAA 15 bp GCCGATAA
rpoS oo varios estresses: choque osmaotico, estresse oxidativo,

fase estacionaria de crescimento da bactéria




A afinidade de cada fator sigma pelo
cerne da RNA pol é diferente

Table 1. Binding aftinties of sigma factors o core RNAP of Eschericia col (Maed et al, 2000) and Bacillis suntilsFujta & Sadaie, 1998; Lord e al,
1999)

E. ol B.subtll
Drofein : 070 ( UD> 054 ( O'N) 038 ( 0_5) 0_32 ( UH) 0_28 ( UF> 024 ( UE) 0_18 ( UFEEI) : UA UB O_F
Ainty(KymoM - 026 030 426 124 04 3 1B - 25 W W

eFator sigma 70 (principal) tem a maior
afinidade pelo cerne (a,BB’)



{a) Strong E. coli promoters

tyr tRNA TCTCAACGTAACACTTTACAGCOGC G+ COGTCATTTGATATGATGC +GCCCCBCTTCOCGATAAGGS
rrn O GATCAAAAAMATACTTGTGCAAAAAA + TTGGGATCCCTATAATGCGOCTCCGT TGAGACGACAACG
rrm X1 ATGCATTTTITCCGCTTGTE TTCCTGA» « GCCGACTCCC TATAATGCGOCTOCATOCGACACGGCGGAT
rem (DEER, CCTGAAATTCAGGGTTGACTCTGAAA Y s GAGGAAAGC GTAATATAC «GCCACCTCGCGACAGTGAGT
rrm E1 CTGCAATTTTTCTATTGCGGCCTGCG * GAGAACTCCCTATAATGCGCCTCCATCGACACGGCGGAT
rrm A1 TTTTRAAATTTCCTCTTGTCAGGLCGGe s AATAACTCCC TATAATGCGCCACCACTGACACGGAATAA
rm AZ GCAAAAATAAATGCTTGACTCTOTAG * COGGAAGGCGTATTATGC * ACACCECGCGCCECTEAGAA
LPR TAACACCGTGCGTGTTGACTATTTTA*CCTCTGGCGGETGATAATGG = TTGCATGTACTAAGGAGST
L P TATCTETGGCGETGTTGACATAAATA - CCAC TRGCGETGATACTGA» « GCACATCAGCAGSACGCAL
T7AZ GTGAAACAAMACGETTGACAACATGA AGTAAACACGGTACGATG T *ACCACATGAAACGACAGTGA
T7 A7 TATCAAAAAGAGTATTGACTTAAAGT *CTAACCTATAGGATACTTA*CAGCCATCGAGAGGGACACG
Tiaz ACGARARACAGGTATTGACAACATGAAGTAACATGCAGTAAGATAC »ARATCGCTAGGTAACACTAG
fid Wil GATACAAATCTCCaTTGTACTT TGT T« TCGCGCTTGOTATAATCG »CTRGGEGTCAMAGATCGAGTG
—35 —10 +1 ——
ib) Consensus sequences of ¢’® promoters {c} Lac promoter sequence
35 region 17+1b 10 region 35 region 10 region 'PrOmOtOI‘ dO
TTGACAT = " IATAAT TATGTT Operon |aC é fraCO
o4 ¥ e ¥ (" b
AT, A. B A.}F'rumclter A A AR |
A G, C | mutations — —
T Deoaunt Up

Promotores fortes reconhecidos pela holoenzima
contendo o fator sigma 70 sao 0s que seguem
melhor o consenso




* RNA pol com o fator sigma 32 (sigma de choque térmico)
reconhece promotores dos genes choque térmico

(@ PubMed Central, : Microbiology. 2009 August; 155(Pt 8): 2560-2572. doi: 10.1099/mic.0.029058-0. - Moxilla Firefox D |
(2 http:/fwww.ncbi.nlm.nih.gov/pmc/articles/PMC2888120/table/th/ 7]
Table 4. .

Heat-induced genes with a potential azz—binding sequence in the promoter region

Distance* Lengtht Binding site sequence Locus Gene product}
34 27 CTTGAAAAACAGCAAAGTATCCTTAAG FTL_0094 ClpB protein 1
81 30 CTTGAAAAAACTAACTTCCACTCTCATATA  FTL_0267 Heat-shock protein 90, HipG .Gen es d e CT
84 27 CTTGTATTTATATAAAAAGACCTTATA FTL_0281 Heat-shock protein, Hsp40 COd |f| cam
7 28 CTTGAAAATGATTAGAAAAAGTATTTTA FTL_0663 Hypothetical protein
101 29 CTTGTCATATATTTAATAATAAACATATA FTL_0891 Trigger factor ch aperones e
162 28 CTTGAAGTGATGTTTCATATACCTTCAT FTL_0894 DNA-binding, ATP-dependent protease La p roteases
48 29 CTTGTAAAATTTAATATCAATTCCATTTA FTL_0985 ATP-dependent protease, peptidase subunit, HslV
82 29 CTTGAAAATACAGAATTAATCACTATCTA FTL_1190 Chaperone protein GrpE (heat-shock protein family 70 cofactor)
92 29 CTTGAAAAGATTATAAATATGCCCATCTA FTL_1191 Chaperone protein DnaK (heat-shock protein family 70 protein)
68 30 CTTGAAAATTAAAAAAAAGCCCCCAATTTC  FTL_1265  2-Amino-4-hydroxy-6-hydroxymethyldihydropteridine pyrophosphokinase/dihydropteroate 1
synthase 3
98 29 CTTGAAAATTTTTTTTTTGACTCAATATC FTL_1715 Chaperonin protein, GroES
40 29 CTTGTATTTAGCATGATCGTATCATTCTT FTL_1805 ATPase
75 27 CTTGAAATTTTAAAAACCGATCATATA FTL_1957 Heat-shock protein
*Distance from ATG start codon.
tLength (nucleotides) of the putative a*2-binding site
1Gene product according to TIGR.
Microbiology. 2009 August; 155(Pt 8): 2560-2572.
doi: 10.1099/mic.0.029058-0.

Copyright © 2009, SGM .

Conclufdo

O €=] o s G
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eSequencia consenso é diferente!
Choque Térmico = aumento brusco de temperatura




Holoenzima RNA pol-sigma 54 necessita
de ativador para Iniciar a transcricao

Closed” complex

'''''''''''''

—_— .
= ENE _//-—}L
AT %

mRMNA

Reconhece promotores de genes
regulados por caréncia de nitrogénio



Apresentador
Notas de apresentação
Biochem Soc Trans. 2008 Feb;36(Pt 1):89-93.
Regulation and action of the bacterial enhancer-binding protein AAA+ domains.
Chen B, Sysoeva TA, Chowdhury S, Nixon BT.
Integrative Biosciences Graduate Degree Program - Chemical Biology, The Pennsylvania State University, University Park, PA 16802, USA.
Abstract
Bacterial EBPs (enhancer-binding proteins) play crucial roles in regulating cellular responses to environmental changes, in part by providing efficient control over sigma(54)-dependent gene transcription. The AAA+ (ATPase associated with various cellular activites) domain of the EBPs, when assembled into a ring, uses energy from ATP binding, hydrolysis and product release to remodel the sigma(54)-RNAP (RNA polymerase) holoenzyme so that it can transition from closed to open form at promoter DNA. The assembly, and hence activity, of these ATPases are regulated by many different signal transduction mechanisms. Recent advances in solution scattering techniques, when combined with high-resolution structures and biochemical data, have enabled us to obtain mechanistic insights into the regulation and action of a subset of these sigma(54) activators: those whose assembly into ring form is controlled by two-component signal transduction. We review (i) experimental considerations of applying the SAXS (small-angle X-ray scattering)/WAXS (wide-angle X-ray scattering) technique, (ii) distinct regulation mechanisms of the AAA+ domains of three EBPs by similar two-component signal transduction receiver domains, and (iii) major conformational changes and correlated sigma(54)-binding activity of an isolated EBP AAA+ domain in the ATP hydrolysis cycle.
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Promotores reconhecidos pelo sigma 54

a glnB (GSU1836) TAGGCAGACTATTTGCTTTTATATTTGC
dcuB (GSU2751) TTGGTATCCCCCTTGCTCATTGAAGGGT
fl1iL, (GSU0420) CTGGCATTTCGGTTGCAATAGCCGTATCGGT
fdnG (GSUO0777) TTGGCACAATGCTTGCCCGTATACGCTTCCG
nifEN (GSU2806) TTGGCACGTGGGGTGCAAAGGAGCGTTTGA

flgJ (GSU3046)  TTGGCACATAACATGCTGTCCTCAGAACAGGG
consensus (from b) TGGCACGNNNNTTGCA/T

2- —
.m. 0
el o
: C q; | 0T
== VUigr—T <= . LI Lo
| - W o N © 0 © r & m ¥ 1 © ~
5’ - O - - - r =9

Regides: -24 -12



Apresentador
Notas de apresentação
G. sulfurreducens RpoN-dependent promoter elements. (a) Alignment of G. sulfurreducens RpoN-dependent promoters identified by primer extension assays in this study. Conserved nucleotides which are the same to the consensus sequences from (b) are labeled in red. (b) Sequence logo of 110 G. sulfurreducens RpoN-regulated promoters predicted by PromScan in non-coding regions upstream of target protein-coding genes.
Leang et al. BMC Genomics 2009 10:331   doi:10.1186/1471-2164-10-331



Conclusao:

Diferentes fatores sigma ativam a
transcricao de conjuntos de genes
distintos quando as bactérias encontram
condicOes ambientais adversas
participando assim do
Controle da Expressao Génica






Eucariotos multicelulares:

@ Limitacdo na resposta direta as variacdes nas condicOes
nutricionais e ambientais (células estdo organizadas em tecidos e

Orgaos)

@ Expressao diferencial de conjuntos de genes dependendo do

tecido ou 6rgao, ou da fase do desenvolvimento

@ Transcricdo ocorre em compartimento distinto da traducao

eliminando a possibilidade de acoplamento

@Transcricao é o nivel mais importante da regulacdo génica



111 i ﬁ@@ INSTITUTO DE QUIMICA U ES’ i]

Controle da Resposta ao
Choque Termico em Bacteéria:

O papel do fator sigma 32 de chogue térmico

Exemplo de como uma mudanca nos niveis de um fator
sigma leva a uma mudancga na expressao génica!
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IQUSP
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