transcripcion en procariotas
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RNA polymerase (RNAP or RNApol), also known as DNA-dependent RNA polymerase




RNA polimerasa-dirigida por DNA

RNA polimerasa

Catalizan la sintesis de todos los tipos de RNA

Subunit Gene Mass (Da) Number  Function

o rpoA 40, 000 2 Enzyme assembly
B rpoB 155, 000 1 Nucleotide binding
53 rpoC 160, 000 1 Template binding
c rpoD 32-92, 000 1 Promoter binding
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Etapas de

la transcripcion

INITIATION

Il Polymerase binds to
promoter sequence
in duplex DNA.
"Closed complex”

H Polymerase melts
duplex DNA near
transcription start site,
forming a transcription
bubble. "Open
complex”

H Polymerase catalyzes
phosphodiester linkage
of two initial INTPs.

RNA polymerase Start site Stop site

on template on template

strand strand

Promoter

ELONGATION

n Polymerase advances
3'— 5" down template
strand, melting duplex
DNA and adding rNTPs
to growing RNA.

hybrid region

TERMINATION

H At transcription stop site,

polymerase releases
completed RNA and
dissociates from DNA.
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Para que ocurra transcripcion se requiere del melting del DNA
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Durante la transcripcion también se producen
superenrollamientos positivos en la estructura del DNA

Direction of transcription
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A partir de un gen pueden generarse muchas copias de RNA, ya que
multiples moléculas de RNA pol pueden unirse en forma secuencial.

A partir de un gen pueden generarse muchas copias de RNA, ya que
multiples moléculas de RNA pol pueden unirse en forma secuencial.
Los RNA sobre el 3' son mas extensos porque una parte

mayor del gen ha sido transcripto
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Organizacion de los genes en procariotas
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¢, Qué se transcribe?

Los genes son segmentos del genoma que se transcriben
y sus secuencias regulatorias

Productos de transcripcion = “transcriptos”

RNAs codificantes para proteinas (son traducidos) = mRNAs

Hay 35 000 genes codificantes para proteinas en un genoma de mamifero tipico,
incluyendo el genoma humano.
Este numero es mucho menor que lo que se pensaba (> 100 000)

RNAs no codificantes = ncRNAs

rRNA: RNAs ribosomales: hay 150-200 copias de los 28S - 5.8S - 18S
+ 200-300 copias del 5S .
tRNA: RNAs de transferencia: >> 500 genes en el genoma humano.

snoRNA: small nucleolar RNAs; la mayor parte de los snoRNAs participan en
modificacion de rRNA

snNRNAs: small nuclear RNAs: constituyen los RNA que forman el spliceosoma
Otros: incluyen microRNAs (miRNAs), pequefios de interferencia (siRNAs), RNA
citoplasmaticos pequefios (scRNA), telomerasa, ribonucleasa P, SRP, etc.
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Estructura del RNA mensajero procariota

Shine-Dalgarno sequence initiation
5’ === PuPuPuPuPuPuPuPu AUG S
C translated region
3 u i

AAU.
termination

La secuencia de Shine-Dalgarno (SD) se aparea con una secuencia rica en pirimidinas del
rRNA 16S rRNA permitiendo el inicio de la sintesis de proteinas

_-ribosome-binding sites___
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Comparacion entre mensajeros procariotas y eucariotas
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Unidad transcripcional

Downstream
—— B
Codon de
RNA start (+ 1 transcripcién) STOP (fin  Findela
+1 ATG (inicio traduccién) traduccion) transcripcion
rExén intron1 Exén 2 intrén2 Exén3  intrén3  Exén

5' UTR ORF 3‘UTR
(5' leader) . o (3'trailer)
Unidad Transcripcional N

Transcripto primario < >
ieivioravntll —— BN B B |

(Exones 1+2+3+4)

mRNA maduro
5' UTR 3'UTR
AUG (inicio traduccién) Codén de STOP (fin
traduccién)

Proteina

Promotores procariotas

el sitio de inicio

tyrtANA  TCTCAACGTAACACTTTACAGCGGCG »CGTCATTTGATATGATGC-GCCCCECTTCCCGATAAGGG
rem D1 GATCAAAAMRAATACTTGTGCAAAAAA » TTGGGATCCCTATAATGCGCCTCCEBTTGAGACGACAACG

separacion entre -10 y -35

rrn X1 ATGCATTTTTCCGCTTGTCTTCC TGA - GCCGACTCCCTATAATGCGCCTCCATCGACACGGCAGAT
rm (DXE), CCTGAAATTCAGGGTTGACTCTGAAA » GAGGAAAGCGTAATATAC*GCCACETCGCGACAGTGAGC
rmEl CTGCAATTTTTCTATTIGCGGCCTGCG  GAGAACTCCCTATAATGCGCCTCCATCGACACGGCGGAT
ren Al TTTTAAATTTCCTCTTIGTCAGGCCGG = AATAACTCCCTATAATGCGCCACCACTGACACGGAACAA
rn A2 GCAAAAATAAATGCTTGACTCTGTAG « CGGGAAGGCGTATTATGC- ACACCECGCGCCGUTGAGAA
vPR TAACACCGTGCGTGTTGACTATT TTACCTCTGGCGGTGATAATGG=TTGCATGTACT AAGGAGGT
AP TATCTCTGGCGGTGTTGACATAAATA CCACTGGCGGTGATACTGA GCACATCAGCAGGACGCAC
T7 AZ GTGAAACAAAACGGTTGACAACATGA » AGTAAACACGGTACGATGT* ACCACATGAAACGACAGTGA
TV Al TATCAAAAAGAGTATTGACTTAAAGT - CTAACCTATAGGATACTTA-CAGCCATCGAGAGGGACACG
TV A2 ACGAAAAACAGGTATTGACAACATGAAGTAACATGCAGTAAGATAC-AAATCEBCTAGGTAACACTAG
fd Vi GATACAAATCTCCGTTGTACTTTGTT» » TCGCGCTTGGTATAATCG*CTGGGEAGTCAAAGATGAGTG
a5 10 +1 :

la secuencia -35 la secuencia -10
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Promotores procariotas
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EL dominio C terminal (CTD) de la subunidad alfa de la
RNA polimerasa interactua con el elemento UP del promotor

El ciclo de sigma

1) La subunidad sigma ayuda a la RNA polimerasa a ubicar la zona
promotora. Se forma el complejo cerrado del promotor (estable
oderadamente). La subunidad sigma interactua con la regién -10

——

RNA polimerasa holoenzima (+ factor sigma)
2) Ocurre la fusién del DNA (complejo abierto). La interaccion es
muy estable. La holoenzima tiene una muy alta afinidad por las regiones
promotoras debido a la presencia del factor sigma.

3) Una vez que la iniciacion ocurrid, la RNA polimerasa no
necesita mas una alta afinidad por el promotor. El factor sigma
se disocia de la polimerasa core después de unas pocas
reacciones de elongacion

4) La RNA polimerasa core tiene menor

afinidad por el promotor por lo que se aleja
@ del promotor ocurriendo la elongacion.

Vi N

5) La subunidad sigma puede
re-unirse a otras enzimas
core
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Existen distintos tipos de factores sigma (o)
que interactuan con distintas secuencias

Gene Mass (Da) Function -35 spacing -10

rpoD 70, 000 General TTGACA 16-18bp TATAAT
rpoH 32,000 Heat Shock ~ CCCTTGAA 13-15bp CCCGATNT
rpoN 54, 000 Nitrogen CTGGNA 6bp TTGCA

fliA 28, 000 Flagellar CTAAA 15bp GCCGATAA

En procariotas la traduccion ocurre

simultaneamente con la transcripcion

rNAP RNA polimerasa

Copyright © 2004 Pearson Education, Inc., publishing as Benjamin Cummings
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Terminacion de la transcripcidn Rho independiente

dyad
4+—— symmetry —p
DNA 5/ \CCCAGCCCGCCTAATGAGCGGGCTTTTTTTTGAACAAAA
3\ /GGGTCGGGCGGATTACTCGCCCGAAAAAAAACTTGTTTT
RNA 5' .CCCAGCCCGCCUAAUGAGCGGGCUUUUUUUU 3

transcript folded to form
termination hairpin

F1G UR E 13-13 Sequence of a Rho-independent terminator.

At the top is the sequence, in the DNA, of the terminator. Below is
shown the sequence of the RNA, and the bottom image shows the
structure of the terminator hairpin. The terminator in question is from the
trp attenuator, discussed in Chapter 18. The boxes show mutations
isolated in the sequence that disrupt the terminator. (Adapted from
Yanofsky C. 1981.Nature 289: 751-758.)

*I_l
[c]] deletion |

Copyright @ 2004 Pearson Education, Inc., publishing as Benjamin Cummings

Terminacion de
la transcripcion
Rho independiente
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Terminacion de la
transcripcién

Rho independiente
(intrinseca)

I (a) Hairpin begins to form

destabilizes hybrid
(RNA pull-out?)

l (b) Hairpin forms and

A

O

Terminacion de la transcripcidén Rho dependiente

(a) Rho binds to transcript at rho loading site and pursues polymerase. (a) AMA polymerase

/NI

(T

Ribosome

(c) Rho helicase releases transcript and causes termination.

//K\//K\O%/\\
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Terminacion de la transcripcidén Rho dependiente

Rho

46 kDa protein
-release of RNA in
ATP-dependent manner

Rut site
R\

RNAP

Técnicas relacionadas con la
transcripcion

1- Niveles estacionarios de RNA
2- Sintesis de RNA

3- Interacciones DNA-proteina
4- Actividad de promotores

5- Inicio de la transcripcion
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1- Técnicas para medir niveles

estacionarios de RNA

Northern blot
Dot blot/Macroarray (macro-arreglo)
Microarray (micro-arreglo)
PCR en tiempo real (real time PCR)

PCR en tiempo real (Real time PCR o gPCR)

RNA — cDNA — PCR con cebadores especificos en presencia de

§loycler

PCR Base Line Subtracted CF RFU
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un compuesto fluorescente
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i}
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0 2 4 6 & 10 12 14 16 18 20 22 24 26 25 30 32 34 306 35 40 42 44 46

Cyile
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<——Electrophoresis
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<——Electrophoresis

Northern blot

R

Gel Nitrocellulose Autoradiogram
Filter Nitrocellulose | pu—— Hybridize with
paper Gel labeled DNA or
— — — RNA probe
[ — [ w i — | > |
l Alkaline solution J
I I
Capillary action transfers
DNA from gel to nitrocellulose

Dot blot-Macroarray

DNA spots

¢
RNA _, cDNA _,

Microarray (microarreglo)

Cancer Cells Normal Cells

RNA Isolation

f—

Reverse
Transcriptase
Labeling

“Red Fluorescent” Targets “Green Fluorescent” Targets

Combine Targets

Hybridize to
Microarray
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2- Sintesis de RNA

Run On

(a) 4
X 1] z | tsolato nuciei ﬁ@“:lé
:@:I: Lsclate nuclal

Incubate with
nucleotides
including *P-GTP

¥
Exdract RNA ] =
{run-on
transcripts)
ib) Dot blot assay

DA

from

gene: X Y Z X ¥ Z
ST T Hybridiza to PR SN
o B W" Lt -

Figure 5.33 Nuclear run-on transcription. (a) The run-on reac-
tion. Start with cells that are in the process of transcribing the ¥
geng, but not the X or Z genes. The ANA palymerass (orange) is
making & transcript (blua) of the ¥ gene. Isolate nuclel from thess
cells and incubate them with nuclestides so transcription can
continue (run-on). Also include a labeled nuclectide in the run-on
reaction so the transcripts become labeled (red). Finally, extract the
labeled run-on transcripts. (b) Dot blot assay. Spot single-stranded

DMA from genes X, ¥, and Z on nitrocellulose or another suitabla
medium, and hybridize the blot to the labeled run-on transcripts.
Becauss gene ¥ was transcribed in the run-on reaction, its
transcript will be labsled, and the gene ¥ spot becomes labeled.
The more active the transcription of gene ¥, the mare intense the
labeling will be. On the other hand, because genes X and Z were
not active, no labeled X and Z transcripts were made. so the X
and Z spots remain unlabeled.
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3- Técnicas para identificar
interacciones DNA-proteina

Footprinting
Union a filtros de nitrocelulosa
EMSA: electromobility shift assay

Ensayos de proteccion (footprinting)

Solution of identical DNA fragments
radioactively labeled = at one end of one strand.

Nontemplate strand

- + C

Treat with DNase . o

under conditions in Site of
which each strand is DNase cut
cut once (on average).
No cuts are made in ~ .

the aves where RNA

polymerase has bound. _i
) -t
— —¢
= 2
= &
= -—30
. . Regions bound by - e
lzolate labeled DNA fragments RNA polymerase - —40
la])d denature. Only labeled sLl'ﬂndsl - =4
are detected in next step.
- —
. . - =
. . — —
. _— _—
: = 8 -5
Separate fragments by polyacrvlamide gel electrophoresis —
and vieualize radiolabeled bande on x-ray film. —
\ / T — —
Unctt DNA | o | — -
fragment = == DNA
e migration
Misging bands indicate —
where ENA polymerase E
was bound to DNA. -_—
== ¥
———
—
.
- =
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NITROCELLULOSE FILTER BINDING ASSAY

Double-stranded DNA Protein Protein-DNA complex

_— —
Filter

s

Fillrate

DNA alone passes through the filter while protein is retained;
because of this, retained DNA must be bound to protein

WEAVER: FIG. 5.34

ELECTROPHORETIC MOBILITY SHIFT ASSAY (EMSA)

LE & DNA bound to
/ two proteins

Supershift ;7 —
~ DNA-protein
Q—

complex
= = = | BareDNA —_—0

. L. Fraction ON1 2 3 4 5 6 7 8 9 101112 1416 18 20 22
La movilidad electroforética del DNA

es retrasada por la unién de la(s)
proteina(s) Bound

probe = ""




4- Estudio de actividad de
promotores

Estudio de promotores

Upstream region
of TTRDNA St
5 = 13

El| Recombinant DNA
techniques

4]
5 =3
5’-deletion series

Reporter
gene

1
2 x
3 Plasmid
4] vector

5 N
5’-deletion series
Ligate into vector
carrying reporter gene
Transform E. coli
and isolate plasmid DNAs

OleJelolo

5'-deletion mutants

OleJololo

5'-deletion mutants

Transfect each type of
plasmid (1-5) separately into
cultured cells

Reporter

plasmid Reporter

enzyme

Reporter
mRNA

Reporter
x Reporter
plasmid engvme
Reporter
mRNA
Prepare cell extract and
E assay activity of reporter
enzyme
Plasmid no. Reporter-gene expression
1 +++
2 +++
3 +
4 +
5 =
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5- Identificacion del inicio de la
transcripcion

Primer extension

Race: rapid amplification of cDNA ends
Mapeo con S1

Run off

¢ Como se determina el sitio de inicio de la
transcripcion?

Sitio de inicio de
la transcripcion

Promotor —

-30 -10 +1 -

5

AUG

mRNA
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Determinacion del sitio de inicio de la transcripcion

|—>
(a) Transcription
5' 3
(b) Hybridize labeled primer
5 3'vwwe 5' 3
(c) Extend primer
. with reverse transcriptase
—y Yy
(d) Denature hybrid,
electrophorese

EACGT

Primer
extension

WEAVER: FIG. 5.29

Primer Extension

GECCGETTEAAGTEEECEEAGCGECEEECEEGECGTCGCCETACTAGGCCTGCCCCOTGTCCGGOCAGEE -1

CCTCGAAGCACCTACTCCACAGGTCCAGCCGGCCEGGTGAGCECCTGGGCACCGCAGAGGTGAGRAGTCGCG +70

Smal

CCCHGGAGTCCGCCGCCTGCECCAGGATG

GATC EP

EP (262 n)
"CEP (261 nt)

+55
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