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DIVERSIDADE DOS PROCARIOTOS




DIVERSIDADE DOS PROCARIOTOS

* Onde eles podem ser encontrados???

T elevadas (+1102C)
T muito baixas

em quase
todos os

Alta variacao na atividade
metabolica — controle

bem ajustado da
EXPressao




O lifestyle INFLUENCIA...

Mycobacterium Pseudomonas

endossimbionte vida-livre

Qual dessas duas bactérias tem um sistema mais complexo de
regulacao génica?



| Genome Analysis

Transcription regulation and environmental
adaptation in bacteria

lldefonso Ca

1Ci:m1|:|nut.a‘ti|:mal Ge
Wellcome Trust Ge
*Mational Centre fo 0 6 T
Lifestyle can be v
an organism anc 05 -

with other speci
contribute to the
assess how these

transcription-rela e

olism enzymes, a

harbour more 1

smaller ones. In 03 —

few exceptions)

factors, beyond t

genome size. Th

ditions, gene ex

gration have bee i /

—

—

Frequency

classified by life:
adaptation to an\
0.1

0' \\_\

g9, e
-1.0 L

p—
—

06 04"
04 55 -09

—

7.
0 02

02
0.4

0 08
8 06

TRASNC score

-1pl o

DA

0.
0.

1000 2000 3000 4000 5000 6000 TOOD 8OO0

Trends Microbiol. 11, 248-253 (2003).

Genome size (genes)

TRENDE in Micobinlogy




REGULON X ESTIMULON
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Regulon — conjunto de genes regulados por um determinado
fator de transcricao
Estimulon — conjunto de genes regulado por um estimulo

d0i:10.1038/nrmicro1084



MAS O QUE SERIA UM ESTIMULO?

Physicochemical input

Log scale Destruction point

|

Stimulus Signal Stress Catastrophe
NOD,
H,C
Pseudomonas sp. e
derramamento de petréleo ND
Tolueno 2

d0i:10.1038/nrmicro1084
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Pois a quem tem, mais se lhe dar3,
e terd em abundancia; mas, ao que
guase nao tem, até o que tem lhe
sera tirado Mateus 13:12

De acordo com dados experimentais - RegulonDB
database (banco de operons e fatores regulatérios), o
incoming connectivity, o numero de fatores de
transcricao que regulam um particular gene pode
variarde 1 a 8 resultando em uma distribuicao
exponencial de possiveis networks

http://regulondb.ccg.unam.mx/
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VALE A PENA LEMBRAR...

Ribosomes

Ribosome Binding Site

Transcricao e traducao simultaneas...Dai a importancia do
controle de expressao durante a transcricao!
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Estagio da
transcricao

Transcription unit
'a A \3'

5'
Terminator

@ Binding of RNA polymerase

and local DNA unwinding

3I
5[

@ Initiation of RNA synthesis

3’
5’
Template
strand €) Elongation of RNA
§ 3
3’ 3,} 5’
RNA oo
NTPs\i Further elongation
5' 3’
3 5
5!
Termination signal
RNA polymerase @ Termination of RNA synthesis
5" 3
3 + 5
5' 3

RNA transcript
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A REGULACAO DA TRANSCRICAO
DEPENDE...

Sequencia promotora

Fatores de transcricao
Pequenos ligantes

Estrutura de dobradamento dos
Cromossomos

Todos juntos - ‘fine tuning’




DUAS REGIOES DETERMINANTES PARA O INICIO
TRANSCRICAO

PROMOTOR

Alta afinidadade pela

holoenzima — RNA polimerase
+ fator sigma 3

_mgtagﬁes nesta sequéncia mutag¢des nesta sequéncia
diminuem a taxa de formacao diminuem a taxa de formacéo
do complexo fechado do complexo aberto

Sequéncias com menor afinidade mais precisamente reguladas



RNA POLIMERASE (RNAP)

Alfa rpoA Montagem estavel da enzima.
Reconhecimento do promotor
Interacdao com fatores regulatorios

Beta rooB 1 Ligacao dos ribonucleotideos

Beta’ rpoC 1 Ligacdo ao DNA

Omega rooZ 1 Montagme estavel da enzima

Sigma rpoD, rpoS, 1 Ligacdo espeficia a sequéncia promotora

rpoN ...



Evolution of multisubunit RNA
polymerases in the three domains of life

Finn Werner and Dina Grohmanin

Table 1| Conserved RNA polymerase (RMAFP) subunits and transcription factors®

Bactaria Archasa Euknrwl:us
RHAFI RMNAPII RNAP Plant RMAPIV:  Plant RMAPY:
RNAFP subunits
Psubunit Rpol (Rpad) RPB1 C160 A100 MNRPD1 MNRPE1
Bsubunit Rpol (RpoB) RPBZ C11 A135 MNRPLVEZ NRPDVEZ
@-subunit Rpao3 (Rpol) RPB3 AC4D AC4D RPE3 [1] RPB3[1]
o-subunit Rpoll{Rpol) RPB11 ACLD AC19 RPB11 RPB11
-subunit Rpof (Rpok) RPB& RPBS RFPBEG RPBS& [1] RPBE [1]
Rpo5 (FpoH) RPB5 RPB5 RPB5 RPBS [3] NRPES
Rpodf (Rpo) RPBE RFB3 RFBE RPES [1] RPBE [1]
Rpol0{RpcM)  RPBID RPE10 RPB10 RPELD RPBLD
Rpoll (Rpof) RPB12 RPB1Z RPB12 RPB12 RPB12
Rped (FpaF) RPB4 c17 Al4 MRPLVE4 MNRPCVE4
RpaT (RpokE) RPB7 C15 A4l MRPD7 [1] NRPE7
RPEO C11 A1l MRPD9b RPBES
Rpolls
Transcription factors
TFlIFa (RAFT4) 53 (C4) A40
THIFR (RAP30)  CITCS) A4S
TFEx TFlEx caz
TFERAC34% THIER C34
Cci1
TBP TBP TBP TBP
TFB TFIlE BRF1
TFIlA
TFIH
TFS TFIIS TFIS
Spt4 5PT4 SPT4
MusG Spt5 SPTS SPTS
MusA MusA
P.I'ID
o-factom

TEF, TATA box-binding protein. *Altennative names that ane common in the literature ane shown in brackets. FThe numbers in squanes
brackets indicate the number of orthologues of RMAPTY and RMAPY subunits. SFound in some but not all archaesl species.
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doi:10.1038/nrmicro787



FATORES SIGMA

E.colhas several sigma factors

rmation

Am

Gene Factor Use
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rp® oo stress

rpdi 032 heat shock

rpE o heat shock
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Numero de RNA polimerase é limitado.. .4,000-5. 000 genes
nas células gera competicao!

Um gene pode ter mais de um promotor com afinidade
diferentes por fatores sigmas!
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FATOR SIGMA 54...UM CASO ESPECIAL

Responsavel pela ativacao de processos como:
metabolismo de nitrogénio, fontes alternativas
de carbono, quimiotaxia, formacao de flagelos
e fimbria, etc.

Se liga ao promotor mas nao é capaz de abrir a
fita de DNA—seliga-24e-12

Ativado pela proteina IHF ( Integration host
factor ) — 100 pb a montante.

Qual vantagem?



E OS OUTROS FATORES SIGMA?

Log cell numbers

Stationary
phase

Aumento do fator Rsd e do RNA 6S — favorece genes
dependentes de outros fatores

Lag
phase

mRNA



AUTORREGULACAO - SIGMA 32

House- 30°C 42° Native
Keeping protein
o factor Sigma-7 mRNA -

rpoH

ranslatlon

42°C /UV

Dnak DnaJ LysU
GroE GrpE etc.

Flow chart
From
Moat and
froaster



Review

Plastid sigma factors: Their individual functions and regulation @Cmm
in transcription¥

Wei Chi *, Baoye He, Juan Mao, Jingjing Jiang, Lixin Zhang

Pho tosynthesis Research Center, Key Laboratory of Photobiology, Institute of Botany, Chinese Academy of Sciences, Beijing 100093, China
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ATIVADORES X REPRESSORES X INDUTORES
X CO-REPRESSORES

Fatores de transcricao ou TFs sao proteinas que se ligam ao DNA de células
eucarioticas para permitir que haja uma ligacdo entre a enzima RNA-
polimerase e o DNA, permitindo assim a transcricdo e a futura traducao.
Qualquer proteina necessaria para o inicio da transcricdo, mas que nao seja
parte integrante do RNA polimerase

???

Usa-se o termo reguladores: proteinas que podem
agir ativando ou reprimindo a expressao com a
ajuda ou nao de pequenas molecular nao
proteicas



éo.

Metabolismo de carbono, resposta a estresses e

AraC i Ativador
patogenicidade

DeoR Metabolismo de carbono Repressor

FUR Estresse oxidativo Ativador/repressor

GntR Metabolismo de gluconato e dcidos graxos Repressor

BOX 2 | CRP, FNR, IHF, Fis, ArcA, NarL and Lrp

These are the seven Escherichia coli transcription factors that control most of the regulated genes. Like many E. colt
proteins, their three-letter names derive from acronyms that describe their function. The fourth letter, which is present
in some names, denotes a particular gene product amongst several that are involved in the same function. So, CRP 1s the
cyclic AMP receptor protein, a gene regulatory protein that is activated by cyclic AMP. Confusingly, CRP is often also
referred to as CAP, the catabolite gene activator protein, which is named after its role in catabolite repression. FNR was
named as the factor necessary for induction of fumarate reductase and nitrite reductase, but it is now known to regulate
many more genes in response to oxygen starvation. IHF and Fis denote integration host factor and factor for inversion
stimulation, respectively. These names refer to functions that are used by certain bacteriophages during infection of

E. col, but it 1s now known that these factors have extensive roles in non-infected cells. Arc and Nar denote anaerobic
respiratory control and nitrate regulation, respectively, and ArcA and NarL are the products of particular genes that are
involved in each process. Lrp denotes the leucine regulatory protein, which is a little understood regulatory factor that
has different roles at many promoters.

7 regulares de transcricao controlam mais
de 50% do genes em E. coli!!!



CLASSES DE ATIVIDORES

a Class | activation

Reorientation of binding sites



CLASSES DE REPRESSORES




CONTROLE DO METABOLISMO

P G H I

ATIVADOR

INDUTOR

Importante em processos catabdlicos!



CONTROLE DO METABOLISMO

Operado D E F
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Repressor l i l
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Co-repressor

Importante em processos anabdlicos!



Possiveis combinacgoes..

d
Induzido Reprimido
A
RNApol '; —
A
o
- / \J
Repressor Repressor
inativo ativo
a —entrada de um repressor Co-repressor
b — saida de um ativador
Cc - saida de um repressor
d — ligacao de um ativador Reptimido ldiizido
£\
( ) RNApol
-
A
Repressor
inativo
CD» 7 >0n
7 ', (\_/f
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ativo [
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Ativador y ! Ativador
inativo -’ Indutor ativo



Co-dependéncia de um ou

mais ativadores/repressores:

mais sofisticado é o
mecanismo

Real “fine tuning’

B Indepandent contacts




SISTEMA LACZ - SISTEMA MODELO...

Not to scale

LAC OPERON
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Structural genes
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ECONOMIA E TUDO...
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Tetramero com dominio
aminoterminal - HTH
Parte C terminal - tetramerizacao

-120 -80 -40 +1 +40 +360 +400 +440
| | | | | // | | |

| I
om0 | pomiiton -] e —————

[0 i e NP

A BT e —




Auséncia Presenca
de glicose de glicose
Glicose
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{a) Glucose present, lactose absent
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SAO DOIS SISTEMAS INDEPENDENTES DE CONTROLE!
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Bacterial nucleoid-associated
proteins, nucleoid structure and
gene expression

Shane C. Dillon and Charles J. Dorman

a Exponential phase of growth b Stationary phase of growth

RMA polymerase Transcription
o at RMA promoters OH-Ns O factories O Fis

Figure 1| Nucleoid-associated proteins and DNA supercoiling influence nucleoid structure. a| The folded
chromosome is organized into looped domains that are negatively supercoiled during the exponential phase of growth.

In this phase. the abundant nuclecid-associated proteins histone-like nucleoid-structuring protein (H-NS) and factor for
inversion stimulation (Fis) bind throughout the nuclecid and are associated with the seven ribozomal RNA operons. As
shown here in two cases, these are organized into superstructures called transcription factories. b | In stationary phase the
rRNA operons are quiescent and Fis is almost undetectable. The chromosome has fewer looped domains, and those that
are visible consist of relaxed DNA.




SIGMA NAO ESTA MAIS PRESENTE

™ Local chave U= i
a-NTD para

Transcription
—

RNA exit RNA-DNA
channel hybrid

Precisa manter a estabilidade do complexo de elongacao

doi: 10.1038/nrmicro2560



GENES BACTERIANOS EM OPERON

lacs lacy lacA

N Genes in
+ operon
l transcription
AlG UAdbd g AUG UAA AUG UAA F'g|5.r;;;i31mr"|ir_:
mAMNA

] k
l translation
a» 4>

p-galactosidase lactose p-galactoside
permease (ransacetylase

* Sitios de parada: ocorre check points, inicio da
traducao...



MAS COMO A RNA POLIMERASE SABE QUANDO PARAR DE

TRANSCREVER?
+1 +1
L \ ___orfl 12 ‘Fe roﬁZ - orf3 L el
D e —— et
o — = P1+T1
— m— (4T MR
— — - P2+T1 |

Qual(s) desses mRNA é o correto?

Comum haver varios pontos de terminacao!!!



TERMINACAO INTRINSECO

RNAPol ™ ™ —

RS, [ormacdo de uma bolha no complexo DNA-RNA

5- GAAAGGCGCCGGTGCTACCCGGCGCCTTTTTITGTT-3'

3-CTTTCCGCGGCCACGATGGGCCGCGGAAAAAACAA-S
yuuuuyu

@

>

>
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Nao é vital mas pode ser auxiliado por proteinas: exemplo
NusA



Caracteristicas:
p'-clamp helices

RNA "@
' | RNAP

E. Coli - 80% da terminacao é intrinseca...sequéncia canonica
facilmente detectavel —ricas em CG

DNA

Algumas bactérias e varias arquéias nao apresentam nenhuma
sequéncia intrinseca de terminacao!

doi: 10.1038/nrmicro2560
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Archaeal Intrinsic Transcription Termination In Vivo'

Thomas J. Santangelo, L'ubomira Cubonova, Katherine M. Skinner, and John N. Reeve*
Department of Microbiology, Ohio State University, Columbus, Ohio 43210

Received 25 July 2009/Accepted 31 Augu—~ ***
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TERMINACAO DEPENDENTE DE
PROTEINAS

Sem sequéncia candnica

Trés principais fatores:
NusA
Tau

Rho — comum e amplamente conservado em todas bactérias

Ribossomo

RNA

RNA polimerase




Caracteristicas:

Relacionada:

Regulacao de antisense

Degradacao de RNA nao traduzido

Evitar transcricao e replissomos (enzimas auxiliares...)

Se liga somente em RNA livre de ribossomos e usa ATP para se deslocar até o RNAP
Pode estar acoplado a outros sistemas... solta RNA em sitios de paradas...

doi: 10.1038/nrmicro2560
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RNA polimerase

NH, \
Rho
- ATP
\
Ribt mo — <
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NH,
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O

\*L/’ l Dissociagdo
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Sitios rut — aproximadamente 30 pb,
ricas em pirimidinas...dificil
reconhecer...sequencia nao canonica!

A presenca de muitos
ribossomos podem atrapalhar a
terminacao....

mRNA



Rho E AUXILIADA POR OUTRAS PROTEINAS

RNA polimera |
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promotor

Situacdo ‘normal’:

41

r gene A T1

Efeito da regulagdo: .

promotor

.

DNA

oAl

r gene A T1

Situacdo ‘normal’: =

Efeito da regulagao: ..

gene B T2
— —— mRNA
. mMRNA
gene B T2
. mMRNA
macssceos . mMRNA

i

Qual esta correto?



Antiterminacgao

Situacao normal : terminacao prematura

Sinal causa: nao terminag¢ao
AUG UAA AUG UAA AUG UAA

x X

Sitios de parada

Situacao normal: nao teminacao

Sinal causa: terminacao prematura



ANTITERMINACAO X ATENUADOR

a
Mascent RNA
5r
/ OR \
Antiterminator
Terminator hairpin Antiterminator hairpin
b
1 2 3 4 trpEDCBA

MEAIFYLKEGWWRTS Attenuator

Low Trp: antitermination conformation High Trp: termination conformation

EMAF

&
- >

Ribosome stalls at
acontrol codon

Ribosome completes
the leader

d0i:10.1038/nrmicro2560



ANTITERMINACAO

Sitio de paradas...pausa...mas nao muito forte..

Maioria passiva em sequéncias intrinsecas...

D

D
e j’UUUUUUU\)

C VL 1 g i3
{_@,U SIUEES

Alca antiterminadora



EVENTOS REGULADORES DA TERMINACAO

b




ESQUEMA DE ATENUACAO..LOCALIZACAO

Regiao lider
Define a
promotofieReSrIaene A  geneB T2
DNA R — génica — T T———— -
am—— et senmmes [NRINA
mRNA Terminacao prematura

Mesmos mecanismos citados anteriormente!



MODELO DE ANTITERMINACAO

Regido lider

b-glicosideos aromaticos

=it Genes estruturais
D e ———————— ————

Auséncia de indutor Termingeor

RAT
Transcrigéo Uuuu

__>

Presenca de indutor Proteina BglG

(préprio beta-glicosideos atuando) RAT desfoforilada pelos b-

Proteina
Antiterminador L

glicosideos

Transcri¢ao )




MODELO DE ATENUACAO

Operon do triptofano

SonAVNr At frpE  tpD  trpC  trpB fpA T
B\ CO-REPRESSOR 'f' ‘f - — N -
i TRIPTOFANO = iR

Sintese do triptofano



4 REGIOES POSSIVEIS...DUAS POSSIBILIDADE

Lider
A
o N
Regides: 1 2 3 4
i e ———-——— V1 V1 T

Terminador

)

N
&
. yyuuuy

Codons ___j, i ou



LOGO NO INICIO DA REGIAO LIDER...

P 0 L At tpE  tpD  4pC  tpB  tpA T
DNA

AUG UGGUGG

Met Lys Ala lle Phe Val Leu Lys Gly Trp Trp Arg Thr Ser

Perfeita sincronia entre transcricao e traducao!



e, (TP Tro AG

5 NNN~\gGGﬁ@CG
Gly pu .
o SO

Leu
Met - Lys - His - Ile - Pro - Phe - Phe - Phe - Ala - Phe - Phe - Phe - Thr - Phe - Pro - Stop
5" AUG AAA CAC AUA CCG UUU UUC UUCGCA UUC UUU UUU ACC UUCCCCUGA 3’

Met - Thr - Arg - Val - Gln - Phe - Lys - His - His - His - His - His - His - His - Pro - Asp -
5" AUG ACA CGC GUU CAA UUU AAA CAC CAC CAU CAU CAC CAU CAUCCCGAC 3

| trpL R

transcricao quando ha triptofano
suficiente na célula

Trp
7y _ TP A N
SGucacee ’
Thr
Arg

Met Lys Ala lle Phe Val Leu Lys Gly&



CONTROLE POS TRANSCRICIONAL

R T
Numero de meias-vidas



sRNA E SUAS DIVERSAS FUNCOES

sRNA

5 _ Geralmente presentes em

e e— _~” | U””J” regioes intergénicas — controle

mMRNA em trans

/ \ < Tradugao
Bloqueio da tradugéo
Estabilizacao
Degradacéao

Estabilizacdao da interacao




VARIOS TIPOS DE RNA ANTISENSO

a Short and long asRNAs

orfA mRNA orfABCD mRNA
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Diferentes modelos para atividade RNA antisense

a Transcription interference (coliphage 186)
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¢ Degradation of sense transcript (Synechocystis sp. PCC 6803)

— isiA > isiB >—
B
wl_l
IsrR

isiA mRNA
3.’
5' 3

IsrR

Duplex degradation

b Transcription attenuation (Vibrio anquillarum)
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d Stabilization of sense transcript (Escherichia coli)
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e Protection from RNase E cleavage (Prochlorococcus sp. MED4) f Translation repression (Staphylococcus aureus)
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doi: 10.1038/nrmicro2934



RNAase

Controle da expressao

Reciclagem de ribonucleotideos
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EndoRNAase
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FEMS Microbiol Rev 34 (2010) 883-923



EnxoRNAase
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FEMS Microbiol Rev 34 (2010) 883-923



RIBOSWITCHES

Riboswitchs sao segmentos regulatorios do mRNA onde se ligam pequenas moléculas
resultando na mudanca da traducdao. Assim, o mRNA que contem riboswitch esta
diretamente envolvido na regulacao de sua prépria atividade muitas vezes em resposta

da concentracao de sua propria molécula produzida.

TRENDS in Microbiology Vol.12 No.11 November 2004 Full text proviced by ww.sciencedirect.com

8
ELSEVIER
|Research Focus

Bacterial gene regulation: from transcription
attenuation to riboswitches and ribozymes

Sabine Brantl
AG Bakteriengenetik, Friedrich-Schiller-Universitdt Jena, Hans-Kndll-Str. 2, D-07745 Jena, Germany
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Leading Edge

Regulatory RNAs in Bacteria

Lauren S. Waters' and Gisela Storz"*

1Cell Biolegy and Metabolism Program, Eunice Kennedy Shriver National Institute of Child Health and Human Development,

Bethesda, MD 20892, USA
*Correspondence: storz@helix.nih.gov
DOl 10.1016/).cell.2009.01.043

Bacteria possess numerous and diverse means of gene regulation using RNA molecules, including
mRNA leaders that affect expression in cis, small RNAs that bind to proteins or base pair with target
RNAs, and CRISPR RNAs that inhibit the uptake of foreign DNA. Although examples of RNA regu-
lators have been known for decades in bacteria, we are only now coming to a full appreciation of
their importance and prevalence. Here, we review the known mechanisms and roles of regulatory

RNAs, highlight emerging themes, and discuss remaining questions.
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REVIEWS

Regulated proteolysis in Gram-

negative bacteria — how and when?

Eyal Gur**, Dvora Biran$ and Eliora Z. RonS!
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Complementa o controle transcricional!!!



PROXIMA AULA

Controle Do Inicio Da Transcricao Em Eucariotos

Meétodos de transformacao de procariontes e
eucariontes: conceitos, organismos modelos e
desafios



