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Controle da

Expressao Génicaem

Eucariotes

Transcricao: Expressao/Ativacdo do gene

Processamento Pés-transcricdo: Remocgao
de introns/poliadenilacéo, Caping,
Transporte

Degradacao mRNA: Estabilidade e
tempo de vida

Traducao: Leitura correta

Processamento Pos-traducao: Formacéao de
enlaces, adicdo de outras moléculas.

Degradacéo de proteinas: Proteinas inativa
ou desenoveladas

Enderecamento e Transporte: Destino
da proteina
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Organizacao e estrutura dos genes em procariotos

ser-gly “, Cromossomo de E. coli
ade his
Regulatory | Control
< gene > | < sjtes > | < Structural genes
74 P Z Y A
< Lactose operon

Genetic map of the E. coli lac operon.




Disposicao dos genes no genoma eucariotico

i Cromossomo
Transcrito

Cromossomo
Mesma fita
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(Takai et al., 2004)



Estrutura do gene eucariotico

Promoter of transcription Terminator of transcription
Start codon  Splice sites
{tramlatmn} Stop codon
DNA G L’ 3
& / I |
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Intron 1 l
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Organizacao e estrutura de um gene eucariotico

Regiao nao-codificadora Regido codificadora ou de transcricdo
A Montante AJusante

Enhancer Promotor
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« Outros > l l

Regido de transcricéo
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Transcricao: Expressao/Ativacao do gene

1. Expressao génica constitutiva: Vias metabolicas centrais
2. Expressao génica regulada: Inducio/Repressao, em resposta ao
estado metabdlico ou sinais.

RNA start site
DNA -35 region -10 region
5' UP element TTGACA N, TATAAT| N5
mRNA\ NN\

Interacao Proteinas : DNA
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Mecanismos de regulacao da iniciacao da transcricao
Regulacdo negativa (Repressor ligado inibe a transcricéo)

Operador

DNA

Promotor

1- Molécula sinal
causa a dissociacaoda
proteina reguladora
do DNA

Molécula sinal



Regulacao negativa (Repressor ligado inibe a transcricao)

2- Molécula sinal
Induz a ligacao da
proteina reguladora
do DNA

5> 3’
MmRNA




The sense (nontemplate) strand sequences
of selected E. coli promoters.

Operon —35 region —10 region Initiation

(Pribnow box) site (+1)
lac ACCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGGAATTGTGAGCGG
lacl CCATCGAATGGCGCAAAACCTTTCGCGGTATGGCATGATAGCGCCCGGAAGAGAGTC

galP2 ATTTATTCCATGTCACACTTTTCGCATCTTTGTTATGCTATGGTTATTTCATACCAT
araBAD GGATCCTACCTGACGCTTTTTATCGCAACTCTCTACTGTTTCTCCATACCCGTTTTT
araC GCCGTGATTATAGACACTTTTGTTACGCGTTTTTGTCATGGCTTTGGTCCCGCTTTG

trp AAATGAGCTGTTGACAATTAATCATCGAACTAGTTAACTAGTACGCAAGTTCACGTA
hioA TTCCAAAACGTGTTTTTTGTTGTTAATTCGGTGTAGACTTGTAAACCTAAATCTTTT
bioB CATAATCGACTTGTAAACCAAATTGAAAAGATTTAGGTTTACAAGTCTACACCGAAT

tRNAY" CAACGTAACACTTTACAGCGGCGCGTCATTTGATATGATGCGCCCCGCTTCCCGATA
rrnD1 CAAAAAAATACTTGTGCAAAAAATTGGGATCCCTATAATGCGCCTCCGTTGAGACGA
rrnk1 CAATTTTTCTATTGCGGCCTGCGGAGAACTCCCTATAATGCGCCTCCATCGACACGG
rrnAl AAAATAAATGCTTGACTCTGTAGCGGGAAGGCGTATTATGCACACCCCGCGCCGCTG

Initiation

—35 region —10 region site

“;’:j::jgs TTHGIANEA ...16-19bp... T A T A A T...58bp ... A
> ' 69 79 61 56 54 54 77 76 60 61 56 82 C Lo

55 48
G
42



Promoter structure in prokaryotes

MRNA
5= PuPuPuPuPuPuPuPu AUG
[ -30 -10 _ +1 ]
Promoter 1
transcription start site
5 MRNA
-30 region -10 region
TTGACA TATAAT
AACTGT ATATTA
-36 -31 -12 -7 +1 +20
TTGACA TATAAT
82 84 79 64 53 45% 7995 44 59 51 96%

consensus sequences



The base sequence of the lac operator.

<—Protected by lac repressor—>

5 TGTGTGGAATTGT GAGC&GATAACAATTTCACACA 3'

3' ACACACCTTAACACTCGCCTATTGTTAAAGTGTGT 5'

b ¢ ¢

A TGTTA

O° mutations
T ACAAT G A



The nucleotide sequence of the E. coli lac promoter—
operator region.

Promoter

I gene Z gene
o -

25 >£ 8 CAP-cAMP Operator 2:8

R GG sl . 2 <=

¢ i l i ‘ binding site ‘ ‘ i

————> mRNA

DNA GAAAGCGGGCAGTGACCGCAACGCAATTAATGTGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGGAATTGTGAGCGGATAACAATTTCACACAGGAAACAGCTATGACCATG 3
sequence CTTTCGCCCGTCACTGGCGTTGCGT TAATTACACTCAATCGAGTGAGTAATCCGTGGGGTCCGAAATGTGAAATACGAAGGCCGAGCATACAACACACCTTAACACTCGCCTATTGTTAAAGTGTGTCCTTTGTCGATACTGGTAC 5!

+20 +30

-80 =70 -60 -50 —40 -30 -20 -10 +1 +10



The lactose operon in E. coli

 promoter binds CAP and RNApolymerase
» operator binds the lac repressor

promoter - operator

lac | P O lac Z lac Y lac A
lac repressor B-galactosidase permease acetylase

B-galactosidase
LACTOSE =— GLUCOSE + GALACTOSE

« the function of the lactose (lac) operon is to produce the enzymes
required to metabolize lactose for energy when it is required by the cell




Regulation of the lactose operon - negative control

promoter - operator

lac | P O lac Z lac Y lac A
lac repressor
 the repressor tetramer binds to the operator and
prevents RNA polymerase from binding to the
romoter
lac | P % lac Z lacY lac A

/\

NO TRANSCRIPTION

RNA pol * RNA polymerase is blocked from the promoter




Alleviation of negative control - action of the inducer of the lacoperon

« when lactose becomes available, it is taken up by the cell

« allolactose (an intermediate in the hydrolysis of lactose) is produced

 one molecule of allolactose binds to each of the repressor subunits

« binding of allolactose results in a conformational change in the repressor

« the conformational change results in decreased affinity of the repressor
for the operator and dissociation of the repressor from the DNA

lac | P lac Z lacY lac A

allolactose O
@)
o

O
lac | P O lac Z lacY lac A
(Jo

NO TRANSCRIPTION
 IPTG (isopropyl thiogalactoside)
IS also used as a (non-physiological) inducer



* repressor (with bound allolactose) dissociates from the operator

* negative control (repression) is alleviated, however...
O[O

0|0

lac | P @) lac Z lacY lac A

/\ NO TRANSCRIPTION
RNA pol

* RNA polymerase cannot form a stable complex with the promoter




Regulation of the lactose operon - positive control

* in the presence of both lactose and glucose it is not necessary
for the cell to metabolize lactose for energy

« in the absence of glucose and in the presence of lactose itbecomes
advantageous to make use of the available lactose for energy

« In the absence of glucose cells synthesize cyclic AMP(cAMP)

« CAMP? serves as a positive regulator of catabolite operons (lacoperon)

» CAMP binds the dimeric cCAMP binding protein (CAP)?2

* binding of cAMP increases the affinity of CAP for thepromoter

* binding of CAP to the promoter facilitates the binding of RNApolymerase

1cAMP = 3’, 5’ cyclic adenosine monophosphate

active CAP cAMP Ina

Ive CAP

L

— By
lac | P @) lac Z lacY lac A

2 also termed catabolite activator protein NO TRANSCRIPTION



Activation of lac operon transcription

o

lac | RNA pol lac Z lacY lac A

} } } }

lac repressor TRANSCRIPTION AND TRANSLATION OCCUR
o Vo { \ |
© 9% g0 B-galactosidase permease acetylase
OO
OO

Inactive repressor

« the function of the lactose (lac) operon is to produce the enzymes
required to metabolize lactose for energy when it is required by the cell



A genetic map of the E. coli araC and araBAD operons.

Activator

L- Arabmose

D Repressor

T araC mRNA
Control sites

T | \ -« Structural genes -
' _‘ araA

<—Regulatory gene —> i i
araBAD mRNA \

s y B i

permease L-arabinose ) ) L-ribulose-5-P
s L-ribulokinase 5
system isomerase epimerase

L-Arabinose L-Arabinose e T —— R ——
(external) > (internal) > L-Ribulose /—\' > L-Ribulose- > D-Xylulose-

Plantas ATP ADP




In the absence of arabinose, the araC protein
Inhibits the expression of the ara operon.

ara0f

( — AraC protein
‘ ) % Arabinose binding domain
‘ . S ] Linker region
. . P J
| DNA blndmg domaln

..‘..-_',_‘,\V — ) ara’— BAD 2rals arat cdidal)

(a) Operon inhibited in the absence of arabinose



With arabinose, the araC protein activates
transcription.

Loop broken

™
- -
- - -

n

—
4 "o

A
/

/

/
ptio

Arabinose
cAMP  F¥
CAP |

3 _Transcripti

RNA
polymerase

(b) Operon activated in the presence of arabinose



The base sequence of the trp operator. The nearly palindromic
sequence 1s boxed and its —10 region is overscored.

CGAACTAGTTAACTAGTACGCAAG
@
GCTTGATCAATTGATCATGCGTTC

\ ! \
—20 -10 +1



A genetic map of the E. coli trp operon indicating the enzymes
It specifies and the reactions they catalyze.

Control
sites ’ = Structural genes -
- Attenuator
e

trpE trpD trpC

' ' ' : l

mRNA

o
or
Leader
mRNA T S >
" anthranilate anthranilate tryptophan tryptophan
synthase synthase synthase synthase
component I component II B subunit o subunit
‘/ Y \ /
anthranilate N-(5"-phosphoribosyl)- tryptophan synthase
synthase anthranilate isomerase, (otg Bo)
(Col; Colly) Indole-3-glycerol ,
phosphate synthase

Y
Chorismate TT Anthranilate ﬁ N-(5-Phosphoribosyl)- — Enol—l-O-carboxy-T Indole-3-glycerol-P TT L-Tryptophan

anthranilate phenylamino-
Glutamine  Glutamate PRPP PP, 1-deoxyribulose (o 5 L-Serine Glyceraldehyde-3-P
+ phosphate

Pyruvate



Prokaryotic RNA Polymerase:
Holoenzyme Enzyme

Subunit Size #/Molecule Function

L 36.5 kD 2 chain initiation and interaction
with regulatory proteins
[5 151 kD 1 chain initiation and
elongation
P 155 kD 1 DNA binding

O 70 kD 1 promoter recognition



E. coli RNA polymerase
2a, 1B, 1p’, 1o and o factor

Sigma factor

/ Holoenzyme

Required for Required for correct
polymerization initiation of transcription:
activity binding to promoter

wpps === = upp + ©

holoenzyme core polymerase sigma factor



The function of sigma factor

the sigma subunit of RNA polymerase is an “initiation factor”
there are several different sigma factors in E. coli that are specific for different sets of genes

sigma factor functions to ensure that RNA polymerase binds stably to DNA only atpromoters
sigma destablizes nonspecific binding to non-promoter DNA, sigma stabilizes specific binding to promoter DNA,

this accelerates the search for promoter DNA

Stationary phase Envelope stress

Iron metabolism

Growth phase

RNAP

Nitrogen assimilation




The Sigma CyCIe * closed promoter complex (moderately stable)
» the sigma subunit binds to the -10 region

=~ RNA polymerase holoenzyme (+ ¢ factor)

\l/ « open promoter complex (highly stable)
« the holoenzyme has very high affinity for
romoter regions because of sigma factor

g T,

* once initiation takes place, RNA polymerase does
not need very high affinity for the promoter
» sigma factor dissociates from the core polymerase

%%
J k » elongation takes place with

the core RNA polymerase
« sigma can re-bind \: _ \7_

other core eNzZymes




Stationary phase
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Iron metabolism

(

Growth phase )

-

Envelope stress

B

O»E

a Br

/

— RNAP

@ Flagellar regulation R

@

Heat shock

N




Sitio de ligacéo ao Ribossomo

Bacterial translation initiation

Large ribosomal
subunit

Small ribosomal

subunit Initiator tRNA

o' 3 5 3

/
Shine-Dalgarno Start codon
sequence : l

Initiation complex




Transcription initiation in prokaryotes:
sigma factor binds to the -35 and -10 regions and then the RNA
polymerase subunits bind and begin transcription

(a) RNA polymerase binding (b) Initiation
tfo promoter




Mechanism of RNA synthesis

5

RNA

CH.?
Actrated —
Ty Twn ) 1 Ill; H
ncipndide :
O

I-—".i't-\..ﬂ..-l"-l'-l""
¥ End

5r

;

et N e

RNA

OH , oM
TEMd —

* RNA synthesis usually initiated with ATP or GTP (the first nucleotide)

* RNA chains are synthesized in a 5’to 3’ direction

 Termination of some transcripts makes use of the Rho protein, which is a
termination factor that catalyzes the dissociation of the RNA and polymerase




DNA

RNA polymerase

Nontemplate strand

Template strand



RNA chain elongation by RNA
polymerase.

RNA
polymerase

(@)
5 Nascent RNA DNA antisense strand 3 /
(5'— 3) (8—*8)

Transcription
bubble

(b) A —
Nascent RNA RNA

5' (5'— 3) polymerase 3

DNA antisense strand
(3=*5)

PPPA
5!

<— Underwinding Transcription Overwinding —»
bubble




A hypothetical strong (efficient) E. coli
terminator.

(b)

z—=
\
7
NE—

(a) G-C A-T
rich region rich region

5" «++ NNAAGCGCCGNNNNCCGGCGCTTTTTTNNN +-* 3’
B
3" +** NNTTCGCGGCNNNNGGCCGCGAAAAAANNN ---5" DNA template

5 +++ NNAAGCGCCGNNNNCCGGCGCUUUUUU—OH 3’ RNA transcript

> 000000
CCcoQQAQe e

++*NNNN UUUU—OH 3'



3 , Triplets | ‘ 5

1 2 3 4 5 6 7 8 9

DNA: DNA base sequence

striplets) of the gene codes
or synthesis of a particular
polypeptide chain

> i ¥ F % B 8 § % %3
mRNA: Base sequence I - | L. - L Lis 1 I 1
(codons) of the transcribed T T T ‘m'mTm T
mRNA &) @ ¥ B v v
Anticodon

tRNA: Consecutive base
sequences of tRNA
anticodons recognize the
mRNA codons calling for
the amino acids they
transport

tRNA L

Polypeptide: Amino acid
sequence of the

polypeptide chain ‘

Start
ranslation

© 2013 Pearson Education, Inc



Classes of eukaryotic cellular RNAs

* ribosomal RNA (rRNA)

18S (small subunit)

28S (large subunit)

5.8S (large subunit)

5S (large subunit)
» transfer RNA (tRNA)
» messenger RNA (MRNA)
» heterogeneous nuclear RNA (hnRNA) (precursors of mRNA)
» small nuclear RNA (snRNA)

Ul, U2, U3, U4, U5, U6, U7, U8, U9, U10...
» small cytoplasmic RNA (scCRNA)

7SL RNA

What are the enzymes responsible for the synthesis of these RNAS?



DNA dependent RNA polymerase

Cells contain 3 DNA dependent RNA polymerases:
RNA pol I: transcribes pre-rRNA; no known viral templates

RNA pol IT: transcribes pre-mRNA & snRNA: polymerase for most
viral DNAs.

RNA pol ITI: transcribes pre-tRNAs, 5S rRNA, U6 snRNA; polymerase
for some viral DNAs.



* The transcriptional machinery must:

- Be directed to initiate transcription at the correct location on a DNA

template (the transcriptional start site).

- elongate through the entire gene

- Be directed to terminate transcription at the correct location.

- All of these functions require the assistance of

- Cis-acting sequences along the DNA

- Trans-acting factors (accessory proteins)



The human RNA polymerases

Polymerase Location Product
RNA polymerase | nucleolus 18S, 28S, 5.8S rRNA
RNA polymerase I nucleoplasm hNRNA/MRNA,

Ul, U2, U4, U5 snRNA

RNA polymerase 111 nucleoplasm tRNA, 5S RNA,
U6 snRNA, 7SL RNA
mitochondrial
RNA polymerase mitochondrion all mitochondrial RNA

Sensitivity of the nuclear RNA polymerases to a-amanitin!

RNA pol | resistant
RNA pol Il high sensitivity (binds with K = 10-8 M)
RNA pol Il low sensitivity (binds with K = 10 M)

Leyclic octapeptide from the poisonous mushroom Amanita phalloides



RNA pol | RNA pol 11 RNA pol 11l

rRNA gene Protein gene tRNA gene

- DNA
Y 4 y

rRNA mRNA tRNA
@ e O 4 ® O
@ © g - 9 o ©
Ribosomal %) : o 0 o 9
protein ~\ ‘ AUG )
Aminoacyl-tRNA
2? Amino acids
AUG
tRNA to be
recycled
Ribosomes to be
recycled
Newly synthesized

protein

Protein synthesis

Hydrolyzed —— I J l I
mRNA
\



Transcription and promoter elements for RNA polymerase Il

. +1 o :
transcription [ transcription unit —
element
—{ TE }—®exon }—{ exon }—
promoter

Promoter (DNA sequence upstream of a gene)
* determines start site (+1) for transcription initiation
« located immediately upstream of the start site
» allows basal (low level) transcription
Transcription element (DNA sequence that regulates the gene)
» determines frequency or efficiency of transcription
» located upstream, downstream, or within genes
« can be very close to or thousands of base pairs from a gene
* includes
enhancers (increase transcription rate)
silencers (decrease transcription rate)
response elements (target sequences for signaling molecules)
* genes can have numerous transcription elements



Transcription by RNA Pol. II.

At least 40 proteins required: Pol. IT itself + accessory proteins.
Accurate transcription initiated at the promoter.

Promoter + additional DNA sequence that controls transcription =
Transcriptional control region (TCR).

- The adenovirus type 2 major late promoter was the first TCR ever
recapitulated in vitro.

Initiation is a multistep process:
- Promoter recognition by RNA Pol. IT
- Formation of open initiation complex (unwinding)
- Promoter clearance
- 3' movement of complex away from promoter



Regulation of Pol. II
transcription

Transcription must be reqgulated: genes must be
turned on and of f in temporal patterns

- Viral gene expression: early and late genes

» Transcriptional regulation is controlled by:

- Cis-acting sequences in DNA - both local and distal
- Trans-acting factors - both protein and RNA

* Trans-acting factors specifically bind to cis-
acting sequences to either

- activators stimulate transcription
- repressors prevent transcription



Transcription and promoter elements for RNA polymerase Il

transcription o |
element transcription unit — =———

_{ TE }—®exon }—{ exon }—

promoter

transcription
element

—{ TE :F’)exon }—{ exon }—

promoter complex

—{ TE }—®exon }—{exon }—{ TE }—

—® exon H TE H exon }—




Sequence elements within a typical eukaryotic gene?!
! based on the thymidine kinase gene

octamer
transcription /
element

promoter

TATA box (TATAAAA)
» located approximately 25-30 bp upstream of the +1 start site
» determines the exact start site (not in all promoters)
* binds the TATA binding protein (TBP) which is a subunit of TFIID
GC box (CCGCCC)
* binds Sp1 (Specificity factor 1)
CAAT box (GGCCAATCT)
* binds CTF (CAAT box transcription factor)
Octamer (ATTTGCAT)
* binds OTF (Octamer transcription factor)



Proteins regulating eukaryotic mRNA synthesis

General transcription factors
« TFIID (a multisubunit protein) binds to the TATA box
to begin the assembly of the transcription apparatus
« the TATA binding protein (TBP) directly binds the TATA box
« TBP associated factors (TAFs) bind to TBP
« TFIIA, TFIIB, TFIE, TFIIF, TEIIHL, TFIIJ assemble with TFIID

RNA polymerase II binds the promoter region via the TFII’s

Transcription factors binding to other promoter elements and
transcription elements interact with proteins at the promoter
and further stabilize (or inhibit) formation of a functional
preinitiation complex

ITFIIH is also involved in phosphorylation of RNA polymerase I1.



TRANSCRICAO
Formacao do complexo funcional de preiniciacao

-10 0
Gene X 3’

DNA

Inicio de Transcricdo

TFIE

4

L3,

DNA

(

Inicio de Transcricédo



Binding of the general transcription factors

« TFIID (a multisubunit protein) binds to the TATA box
to begin the assembly of the transcription apparatus
» the TATA binding protein (TBP) directly binds the TATA box
» TBP associated factors (TAFs) bind to TBP
* TFIIA, TFIB, TFIE, TFIHF, TFIIH, TFIIJ assemble with TFIID



Binding of RNA polymerase I

RNA pol I

« RNA polymerase Il (a multisubunit protein) binds to
the promoter region by interacting with the TFII’s
 TFs recruit histone acetylase to the promoter



Binding of specialized TFs

RNA pol Il

» transcription factors binding to
other promoter elements and transcription elements interact
with proteins at the promoter and further stabilize (or inhibit)
formation of a functional preinitiation complex

» this process is called “transactivation”



Formation of a stable preinitiation complex

e
—

N/

TFIID

—

+1

TBP

4 J

RNA pol 11

» the stability and frequency with which complexes are formed
determines the rate of initation of transcription

« the rate of Initiation of transcription is of major importance in
determining the abundance of an mRNA species



Initiation of transcription and promoter clearance

Initiation

—

+1 RNA pol 11

* RNA pol Il is phosphorylated by TFIIH on the carboxy terminal
domain (CTD), releasing it from the preinitiation complex and
allowing it to initiate RNA synthesis and move down the gene



RNA polymerase and associated proteins to start transcription.

a == | Or
activator,N &é
enhancer ﬂ

enhanc

co-activators

DNA )0\
general transcription factors

|
| |
promoter RNA transcript




Transcription factors (partial list)

CAAT box transcription factor (=NF1) (binds GGCCAATCT)

Factor Full name or function
CREB Cyclic AMP response element binding protein
CTF
NF1 Nuclear factor-1 (=CTF)
AP1 Activator protein-1 (dimer of the Fos-Jun proteins)
Spl Specificity factor-1 (binds CCGCCC)
OTF Octamer transcription factor (binds ATTTGCAT)
NF-kB Nuclear factor kB
HSTF Heat shock transcription factor
MTF Metal transcription factor
USF Upstream factor
ATF Activating transcription factor
HNF4 Hepatocyte nuclear factor-4 (nuclear receptor superfamily)
GR Glucocorticoid receptor (nuclear receptor superfamily)
AR Androgen receptor (nuclear receptor superfamily)
ER Estrogen receptor (nuclear receptor superfamily)
TR Thyroid hormone receptor (nuclear receptor superfamily)
C/EBP CAAT/enhancer binding protein
E2F E2 factor (named for the adenovirus E2 gene)
p53 P53 (tumor suppressor protein)
Myc

Product of the c-myc protooncogene (dimerizes with Max)



Putativos Sitios de ligacao de fatores de Transcricdo e TATA Box em
promotores de genes de celulases e xilanases de Trichoderma reesei

-800 -600 -400 -200
| | | |
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Promotor para RNA pol Il

) (G/C)(G/C)(G/A)CGCC|TATAAAA|Py,CAPy_|Gg(A/T)CG|

(b) Core promoter elements for RNA polymerase Il



Promotor para RNA pol |

Upstream control element Core promoter
r o =y (i = N\
Startpoint
-180 —-107 —45 S HL +20
DNA Transcription

(a) Promoter for RNA polymerase |

Promotor para RNA pol 11

Promoter foI tRNA gene

/i N\
Startpoint
_:1 Box A Box B
i B = G BN
DNA Transcription

Promoter for §S-rRNA gene

£ B
Startpoint
:1 Box A Box C
i === |
DNA Transcription

{c) Two types of promoters for RNA polymerase lll



Assembly of the pre-initiation complex (PIC)

tRNA, 5S RNA, U6
SNRNA, 7SL RNA

a

18S, 28S, 5.8S rRNA

“ I RNA Pol |

@ TFIIB -
‘ I tRNA |
(‘// SL-1 \
— TFIIB -
" SSTRNA
hnRNA/MRNA, U1,
U2, U4, U5 snRNA
RNUG-1 }

- binding of upstream binding factor (UBF) to the upstream control elements (UCEs) and core element of the rDNA
promoter, leading to the recruitment of the SL-1 initiation factor, which contains TATA-box-binding protein (TBP) and at
least five TATA-box-associated factors (TAFs). The resultant stable UBF-SL-1 complex recruits an initiation-competent
form of RNA Pol I, which contains RRN3 that mediates interactions between RNA Pol | and SL-1

- RNA Pol Ill-transcribed genes (for example, those that encode tRNAS) have internal promoters that comprise two
sequence blocks (A and B) that are located in the transcribed region. The A and B blocks are recognized by TFIIIC that
recruits TFIIIB, which is composed of the subunits B-related factor 1 (BRF1), BDP1 and TBP. Finally, TFIIIB recruits
RNA Pol I1I.

- For 5S rDNA promoters the B block is replaced by a sequence, termed block C, to which TFIIIA binds and recruits and
orientates TFI1IB, following which transcription initiation proceeds as for tRNA genes.

- For a small number of RNA Pol Ill-transcribed genes (for example, U6 snRNA (RNU6-1)) the promoters are located
upstream of the gene and contain TATA boxes bound by TBP, and proximal sequence elements (PSEs) bound by a
complex called small nuclear RNA-activating protein complex (SNAPC). These upstream promoters are bound by a
different form of TFI1IB from tRNA genes, which is composed of BRF2, BDP1 and TBP9



tRNA- This RNA type is a small chain of about 80 nucleotides.
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(a) Primary transcript (precursor) for yeast tyrosine tRNA (b) Mature tRNA, secondary structure



The tRNA has a clover leaf model with arms each with a specific function. The
tRNA also has an anticodon region that can base pair with the codon region on the
mRNA. e -

O
3 1 |

P —D0—C—CHR——Amino acid

c
Ester bond E
— Acceptor arm
LI -
o tRNA
T™WC arm ol molecule
c B

Dihydrouridine

D arm
Intramolecular

base-pairing

Anticodon

mRNA 5

Anticodon arm



Pre-Processamento de rRNA




Pre-Processamento de rRNA em células humanas

185 5.8S 28S
455 _Y SETS ITS1 ITS2 FETS
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rRNA- The rRNA is synthesized in the nucleolus. In the cytoplasm, ribosomal RNA
and protein combine together to form a nucleoprotein called a ribosomes. The
ribosomal RNAs form two subunits namely; the large subunit and small subunit. The
Eukaryotic cells have 4 different types of rRNA namely; 28S rRNA, 18S rRNA, 5.8S
rRNA and 5S rRNA.

2 2 Assembled
rRNA Proteins Subunits ribosomes
% @ + Total: 31
c 23S 55
S (2900 rNTs) (120 rNTs)
iy iy S S S S
a
@ + Total: 21
16S 70S

{1500 rNTs)
]
£ 285 585 +  Total: 50
£
g 285 :5.88 5S
= (4800 rNTs, 160 rNTs) (120 rNTs)
': ------------------------------------------------------
°
t .
% + Total: 33
w 18S

(1900 rNTs)

Svedberg value = sedimentation coefficient, a measure of time (10’13sec)



MRBNA Structure

Bacterial mRNA only

« Ribosome-binding sites; also called Shine-Dalgarno sequence
Eukaryotic mRNA only

« 5 Cap (methylated guanine)

« Poly Atail

+ Kozak Sequence (sometimes present); enhances ribosome binding

a) Bacterial mRNA

’
S'UTR ORF 3 UTR
Untranslated Coding sequence Untranslated
r A v A N e N\
5’ |3’
Ribosome- Start codon Sl}zg °3::“
binding site AU’G or UGA

b) Eukaryotic mRNA

5 UTR / ORF 3’ UTR
Untrai\slated Coding sequence Untrai\slated
(i N= h's \‘
5[ Cap | k1 [ Poly(A) 3

(b) Eukaryotic mRNA

#2012 Pearson Education, Inc



RNA polll - Structure of eukaryotic mRNA

Cap 5’ untranslated region Initiation

5> ImGppp —————— AUG :
( translated region
UGA

termination

3’ untranslated region

polyadenylation signal
AAUAAA

(Ao 3
poly(A) tail

* all mRNAs have a 5’ cap and all mRNAs (with the exception
of the histone mMRNAS) contain a poly(A) tail

e the 5’ cap and 3’ poly(A) tail prevent mRNA degradation

* loss of the cap and poly(A) tail results in mMRNA degradation






Structure of the 5’ cap
/mG = 7-methyl guanosine

7-methylguanosine <

capping enzyme complex
+ S-adenosyl-L-methionine (SAM)

5" end of <
RNA chain

© 2012 Pearson Education, Inc.
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5' cap

5' cap

5’ cap

[ [

Polyadenylation

// AAUAAA G/U 3
[ ‘\
Clea\?age 10-35 nucleotides
downstream from AAUAAA
sequence
/
// AAUAAA
i ; i l; Poly(A) polymerase
/L
,// AAUAAA AAAAAAAAAAA ...
L 9 o

Y
Poly(A) tail



Post-transcriptional processing of eukaryotic
MRNA:s.

Intron Exon
5 i i -
Primary transcript

Capping, polyadenylation,

- - I | o v
5 Y 3
can - [ IEETIIZREREE Foy

MRNA tail




Types of Introns.

Intron Type

Where Found

GU-AG introns

Eukaryotic nuclear pre-mRNA

AU-AC introns
Group I

Group 11
Group II1

Twintrons (composites of two and/or
more group II or III introns)

Pre-tRNA introns

Archaeal introns

Eukaryotic nuclear pre-mRNA

Eukaryotic nuclear pre-mRNA, organelle
RNAs, a few bacterial RNAs

Organelle RNAs, a few prokaryotic RNAs

Organelle RNAs

Organelle RNAs

Eukaryotic nuclear pre-tRNAs
Various RNAs




The consensus sequence at the exon—intron junctions of
vertebrate pre-mRNA:s.

Splicing Consensus Sequences
5' Exon Intron 3' Exon

67 77 100100 60 74 84 50 78100100 55

Numbers = Frequency (%)



Splicing Alternativo

Wild type protein
Ex3 : ;

NICHPS A
W -

In frame deletion

Exon skippin *
WJ & —t—
Alternative Cterminus

Hs

Intron retention : o
-—Ev- S ——-
Out-frame deletion
Alternative 3'stte
W —_—
Alternative initiation
Alternative 5'site Or
W —_—

& 2003 ExonHit Therapeutics

Binitaion codon « Stopcodon &3 wildtypeamino-acid sequence & akernative amino-xid sequence



The organization of the rat a-tropomyosin gene and the seven
alternative splicing pathways that give rise to cell-specific a-
tropomyosin variants.

STR
aa SM STR 165- 189- 214- 235-  258- STR 258-
5 UT1-38  39-80 3ﬁ3 81-125 126-164 188 213 234 257 284 3'UT 284 3’ UT

mRNA transcripts

‘ibroblast



Expressao coordenada de genes

RNA
polymerase

Promoter ¢ \Stress
protein
mRNAN/ NSNSV gene
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Expressao génica tecido especifica
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