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regulacién de la transcripcion
en procariotas

Promotores

Secuencias de DNA que posicionan a la RNA polimerasa (RNAP) en el sitio de iniciacion

+1
Transcription

(a)

Promoter Coding sequence of gene

5
(b) Strong E. coli promaoters

tyrtANA  TCTCAACGTAACACTTTACAGCGGCG *CGTCATTTGATATGATGC*GCCCCECTTCCCGATAAGGG
rrn 01 GATCAAAAAAATACTTGTGCAAAAAA » TTGGBATCCCTATAATGCGCCTCCATTGAGACGACAACG

rrn X1 ATGCATTTTTCCGCTTGTCTTCCTGA »GCCGACTCCCTATAATGCGCCTCCATCGACACGGCGGAT
rm(DXE), CCTGAAATTCAGGGTTIGACTCTGAAA» * GAGGAAAGCGTAATATAC* GCCACBTCGCGACAGTGAGC
rrnE1 CTGCAATTTTTCTATTIGCGGCCTGCG * GAGAACTCCCTATAATGCGCCTCCATCGACACGGCGGAT
ren Al TTTTAAATTTCCTCTTIGTCAGGCCGG» « AATAACTCCCTATAATGCGCCACCACTGACACGGAACGAA
rrn A2 GCAAAAATAAATGCTTIGACTCTGTAG * CGGGAAGGCGTATTATGC* ACACCEBCGCGCCGCTGAGAA
»PR TAACACCGTGCGTGTTEGACTATTTTACCTCTGGCGGTGATAATGG » TTGCATGTACTAAGGAGGT
MPL TATCTCTGGCGGTGTTGACATAAATA CCACTGGCGGTGATACTGA » GCACATCAGCAGGACGCAC
TT A3 GTGAAACAAAACGGTTGACAACATGA * AGTAAACACGGTACGATGT* ACCACATGAAACGACAGTGA
T7 A1 TATCAAAAAGAGTATTGACTTAAAGT ~CTAACCTATAGGATACTTA-CAGCCATCGAGAGGGACACG
T7 A2 ACGAAAAACAGEGTATTGACAACATGAAGTAACATGCAGTAAGATAC- AAATCEGCTAGGTAACACTAG
v GATACAAATCTCCGTTGTACTTTGT T » TCG

CTTGGTATAATCG* CTGGGEGTCAAAGATGAGTG
a5 10 +1 =

{e) Consensus sequences for all E. coli promoters
—10 region

—35 region
v TATAAT

TTGACAT| 2 7PP




La RNAP reconoce dos secuencias principales
en los promotores bacterianos

Operon —35 region —10 region Initiation
(Pribnow box) site (+1)
lac CTTTATGCTTCCGGCTCGTATGTTGTGTGGAATTGTGAGCGG
lacl 3 AAEACCTTTCGCGGTATGGCATGATAGCGCC_CGGAAGAGAGTC
galP2 [CTTTTCGCATCTTTGTTATGCTATGGTTATTTCATACCAT
araBAD TTTTATCGCAACTCTCTACTGTTTCTCCATACCCGTTTTT
araC TTTTGTTACGCGTTTTTGTCATGGCTTTGGTCCCGCTTTG

trp "!‘TAATCATCGAACTAGTTAACTAGTACGCAQGTTCACGTA

bicA GTTGTTAATTCGGTGTAGACTTGTAAACCTAAATCTTTT
bioB C CAAATTGAAAAGAT'TTAGGTTTACAAGTC?ﬁACACCGAAT
tRNADYT GCGGCGCGTCATTTGATATGATGCGCCCCGCTTCCCGATA
rrnD1 AAAAAATTGGGATCCC TATAATGCGCCTCCQTTGAGACGA
rrnE1 CTGCGGAGAACTCCCTATAATGCGCCTCCATCGACACGG
rrnAl TGTAGCGGGAAGGCGTATTATGCACACCCEGCGCCGCTG
Initiation
-35 regiun -10 region site
Consensus

Al ...16-19bp... T A T A A T...58bp..

sequence: 69 79 61 56 54 54 77 76 60 61 56 82

Some very highly expressed
bacterial promoters contain
a third RNAP recognition sequence

1 -35 region -10 region RNA start site

UP element | rreaca| Ny [raTaar] N,

mENA \ NS>

-35 and -10 regions are bound
by the o subunit of RNAP.

UP element, located between
positions -40 and -60, is bound
by the a subunit of RNAP.




EL dominio C terminal (CTD) de la subunidad alfa de la RNA
polimerasa interactua con el elemento UP del promotor

“fuerza del promotor”
Las diferencias de las secuencias
de los promotores de E. coli afectan la
frecuencia de iniciacién de la transcripcion

{a) Strong E. coli promoters

tyr t(RNA TCTCAACGTAACACTTTACAGCGGCG CGTCATTTGATATGATGC+GCCCCBCTTCCCGATAAGGG
e 01 GATCAAAAAAATACTTGTGCAAAAAA+ TTGGGATCCCTATAATGCGCCTCCGTTGAGACGACAACG
rm X1 ATGCATTTTTCCGCTTGTETTCCTGA +GCCGACTCCCTATAATGCGCCTCCATCGACACGGCGGAT
rm(DXEl,  COTGAAATTCAGGGTTGACTCTGAAA +GAGGAAAGCGTAATATACGCCACCTCGCGACAGTGAGE
rm E1 CTGCAATTTTTCTATTGCGGCCTGCG «GAGAACTCCCTATAATGCGCCTCCATCGACACGGCGGAT
rm Al TTTTAAATTTCCTCTTGTCAGGCCGG» + AATAACTCCCTATAATGOGCCACCACTGACACGGAACAA
rm A2 GCAAAAATAAATGCTTGACTCTGTAGS » CGGGAAGGCGTATTATGC «ACACCECGCGLCGCTGAGAA
»PR TAACACCGTGCGTGTTGACTATTTTA=CCTCTGGCGGTGATAATGG* » TTGCATGTACTAAGGAGGT
AP TATCTCTGGCGGTGTTGACATAAATACCACTGGCGGTGATACTGA+ + GUACATCAGCAGGACGCAC
T7A2 GTGAAACAAAACGGTTGACAACATGAAGTAAACACGGTACGATGT *ACCACATGAAACGACAGTGA
Tra TATCAAAAAGAGTATTGACTTAAAGT *CTAACCTATAGGATACTTA*CAGCCATCGAGAGGGACACG
Ti A2 ACGAAAAACAGGTATTGACAACATGAAGTAACATGUAGTAAGATACAAATCGCTAGGTAACACTAG
fd Vil GATACAAMATCTCCGTTGTACTTTGT T+« TCGCGCTTGGTATAATCG+ CTGGGEGTCAAAGATGAGTG
—35 —10 +1 ——
{b) Consensus sequences of o’ promoters {c) Lac promoter sequence
35region . ~10region 35 region 10 region romotor débil
[Treacat 2= 120 ataar | [TTTACAE— TATGTT | p
4o + W4 ‘o )
AT, A CC. A, |Promoter A A AR
A G, C/mutations [— (i
T Down Up

efectos de algunas mutaciones




Regulacion de la transcripcion de genes: £

interaccion DNA (surco mayor) - proteinas
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Regulacién de la transcripcion en
procariotas

No todos los genes se expresan igual

El nivel de expresion es regulado por sefales
ambientales

La transcripcidn es regulada por elementos en
el DNA y proteinas que interactuan con ellos

Tipicamente se regula la etapa de iniciacion

Three types of transcriptional regulatory proteins

1. Sigma factors (positive control)
Alter specificity of RNAP for a
given promoter or set of promoters

2. Repressors (negative control)
Impede access of RNAP to promoter

3. Activators (positive control)
Enhance RNAP-promoter interaction




Tipos de proteinas que regulan la transcripcion

1.

Factores Sigma (control positivo)

Cambian la especificidad de la RNApol por los
promotores

Represores (control negativo)

Impide el acceso de la RNApol al promotor

Activadores (control positivo)
Favorece la interaccion RNApol-promotor

The o subunit contributes to specific initiation

It decreases the affinity of RNA polymerase for general regions of
DNA by a factor of 10*

Enables RNA polymerase to recognize promoter sites

MB the promoter site is encountered by a
. . random walk in one dimension
™ Helix this helix has been rather than in three dimensions.

. withrole in implicated in
Ll g -10region  recognizing the
I recognlrlol'l TATAAT sequence of

the 10 region ten nucleotides in length. After its

another core enzyme.
Thus, the O subunit acts catalytically.

c’® Most genes TTGACAT TATAAT

63 Genes induced by heat shock TCTCNCCCTTGAA  CCCCATNTA

62 Genes for motility and chemotaxis CTAAA CCGATAT

o3 Genes for stationary phase and stress ? ?
response

o3 Genes for nitrogen metabolism and other CTGGNA TTGCA

functions

The O subunit is released when the
nascent RNA chain reaches nine or

release, it can assist initiation by




La unién de la RNAP
esta modulada por proteinas
activadoras y represoras

1 1 basal level
of transcription

activator- operator
binding site ™ promoter

b no transcription
'‘epresso
I e [ e ) —)

Reclutamiento
Cambio alostérico

- activated level
of franscription

0 s R

La unién esta modulada por
proteinas
activadoras y represoras

1 1 basal level
of transcription

aclivator- operator
binding site ™ promoter

no spontaneous
isomerization and thus
no fr ipti

b I

epresso

activated level
of ipti




Accion a distancia
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Role of repressors at
inducible promoters

Negative regulation
(bound repressor inhibits transcription)

Usually, by sterically hindering RNAP

Operator

M’olecuiar signal DNA

(W) causes dissociation

of regulatory protein W |

from DNA . < R J

Promoter
Inducer @
increases l
R= Repressor transcription '
5S> 3
mRNA
x>
Role of repressors at
repressible promoters
Negative regulation
(bound repressor inhibits transcription)
Corepressor
decreases
Molecular signal ' transcription
(@) causes binding Wﬁﬂ
of regulatory protein . R S
to DNA
PS>
mRNA
*
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Role of activators at promoters
subject to inhibition

Positive regulation
(bound activator facilitates transcription)

RNA polymerase
—
M'olecular signal
() dissociati
of reg(':t?llalli?)iy ;j:(icggl o ‘ A ‘ W/////A |
from DNA
5' J\b 3
Inhibitor' mRNA
decreases

transcription
A= Activator '

A

Role of Activators at Promoters
Subject to Coactivation

Positive regulation
(bound activator facilitates transcription)

Coactivator Increases transcription —_—
Molecular sigpal‘ '
sy o, 1 Vi
to DNA
5S> 3
F mRNA
A Lower rate of transcription since
activator no longer DNA-bound
*
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operon

Repressor
Activator binding site
binding site (operator)
DNA [ Promoter /i | A | B | ¢ |
N S
\ / Genes transcribed as a unit
Regulatory sequences

> G5 16SRNA

SNNNNGGAGGNNNNNNNAUGNNZ

RBS start stop RBS start stop RBS start stop
° ]
5-9 bases l l l
D00Gea0050 GRO0C0000000000 e ==]
lac promoter | TTTACA | | TATGTT|
—35 region —10 region
conéenca | TTGACA | | TATAAT |
CONSEnsus sequence
(b)
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Lac operon

!

HMNA polymerase

DNA

mAENA

Palypaptida
Falding

Reprassor
protein

Lactose

Al

IMedium

Q z ¥ A
Structural genes

A-Galaclosidase Permease [ransacelylase

« lacZ codes for the enzyme B-galactosidase, tetramer of-500 kD. The enzyme breaks a B-galactoside into its component sugars.
+ lacY codes for the B-galactoside permease, a 30 kD membrane-bound protein This transports 3-galactosides into the cell.
+ lac A codes for B-galactoside transacetylase, an enzyme that transfers an acetyl group from acetyl-CoA to B-galactosides.

Lactose Galactoside

Outside e PETMIEASE
; | M
Inside ll.'
CH,08 o CH,0H
HO H OH
0
H H H
H OH H OH
Lactose
/{f}'-}m lactosidase
" CH,OH
HO /H 0-—CH,

OH H
H Hy /H OH

| H OH pINOH H 4

H OH
Allolactose

A-galactosidase
CHOH CHLOH

OH H/H OH
HENOH H A,

H oOH H oH
Galactose Glucose

HOCH,
HO - OoH
OH
B-Galactoside linkage v \—/
~ OH
HOCH, oH d
| Galactos
HO Q ‘J B-Galactosidase #laciose

fon T2 (oH
S’ N fOH H20 \\ HOGCH,

OH HOCH, " OoH
HOH /
Lactose 1o #
OH
Glucase
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Binding of inducer to repressor
lowers its affinity to operator

Negative regulation

(bound repressor inhibits transcription)

Operator
Molecular signal DNA
(W) causes dissociation
of regulatory protein W |
from DNA < R 3
Pr t
R= Repressor= Lac | AR
Inducer: allo-lactose, IPTG Inducer €@
CH.OH increases l
: CHs transcription
Miy s \ /
a \S-C-H
mRNA
H OH
Isopropylthiogalactoside
(IPTG)

IPTG is a non-metabolizable inducer
of the lac operon

CHZOE (|3H3
OH

H S—(|3—H

OH H CHj;
H H

H OH
Isopropylthiogalactoside

(IPTG)
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Represor Lac I: tetramero
Mas de un sitio de unién en el DNA (O,, O,, O,)

(a) Lac repressor "\
Operators
I [10)]

mRNA NN

|

DNA [P I [ e gl oz B Y A

Lac repressor binds cooperatively to two DNA elements:
the main Operator O, and a pseudo Operator (O, or O3)

Lac repressor ﬂ

mRNA \N\NS
Pseudo Operator O, Pseudo Operator O,
| '
DNA \&II%\IPV/M z gl oy | A |
|
lac I gene Main Operator lac ZYA operon

15



(d)

En colores palidos: estructura
con afinidad por las secuencias O

IPTG induces a dramatic conformational change
in Lac repressor, product of the lac | gene

-

N o, /

& & DNA binding

= < domains are stable

/ only in DNA bound
* -IPTG state (- IPTG).

16



Helix-loop-helix

Lac repressor

(a)

DNA
Lac repressor

(e) (d)
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=10 +1 +10 +20 +30
. . .

5 ATGTTGTGTGGAATTGTGAGCGGATAACAATTTCACACAGGAA 3
3" TACAACACACCTTAACACTCGCCTATTGTTAAAGTGTGTCCTT 5’

Half-site

omoter

(bound by ENA polymerase; HENA start site

DNA TAGGCACCCCAGGUTPTACACTTTATGCTICCGGCTOGTATGTTTGTGEAATIETGAGUGHATAS
—35 region -~ 10 region

I T e

ol

Upstream, downstream =———~

Direction of transcription

Control de genes bacterianos:
modelo de Jacob-Monod

lac operon
A

RNA polymerase

DNA:IIIﬂZIYIAI

lac
repressor

Thiogalactoside
transacetylase

Lactose

permease

[i-galactosidase

Nascent
polypeptide
chains

18



Biochemical experiments confirm that
induction of the lac operon leads to an
increased synthesis of lac mMRNA
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Some mutants affecting lactose metabolism

Mutant Effect on Repressor Resulting Phenotype

O¢ (operator
constitutive)

Repressor cannot bind
operator.

The lac operon is always expressed,

even in the absence of lactose.

I (inhibitor minus)

Repressor cannot bind
operator.

The lac operon is always expressed,

even in the absence of lactose.

I (super repressor)

Repressor cannot bind
lactose; thus, it cannot
be released from the
operator site.

The lac operon is never expressed,
even in presence of lactose.
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Genetic exchange in bacteria

Transformation
Conjugation
Transduction

Recombination (within one bacterium;
foreign DNA can recombine)

Intercambio genético entre bacterias

I
FN
-

transduction

Chromosoe

g ‘I .I.I _.'.
SRR ¢
»'__ ;
eD %

transformation %

7R
» d
a¥
NPT =T
RSP
>, P, S ¥
\/
)
Chromosome
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Conjugation — ‘bacterial sex’

» Method of gene transfer from one bacterium to another

™ - ms

Bacterium ‘A’ Bacterium ‘B’

. ., et =)
Conjugacion O

0o |56

21



Transduction with phage

Transformation

2= =

O

Plasmid DNA

bacteria picks up a piece of DNA
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Experimental evidence for
cis- and trans acting DNA sequences

Parent bacteria

it ot z_\ /.' ot z_\\ /_.' at z\ / z_-:\l

\C-:I:ED \l:l:l:-:-:)/ . 'CI:E\:ID

Inducible Constitutive Induul)li (uusll[uhvt
0JO: solamente se representan las
porciones del genoma relevantes —
iploicls / F —
\ |

\\‘_c:lj:l:l:)_/. \ %

Both 2 and z* F |||duulJ|i
inducible z* constitutive

Regulation of B-galactosidase in diploid E. coli

The mating of two bacterial strains results in diploid cells that contain genes from both parents. In
these examples, it is assumed that the genes encoding 3-galactosidase (the z genes) can be
distinguished on the basis of structural gene mutations, designated z' and z2. In an i*/i- diploid
(left), both structural genes are inducible; therefore, i* is dominant over i- and affects expression
of z genes on both chromosomes. In contrast, in an o%o* diploid (right), the z gene linked to oc is
constitutively expressed, whereas that linked to o* is inducible. Therefore, o affects expression of
only the adjacent z gene on the same chromosome.

Experimental evidence for
cis-acting DNA sequences

Experimental evidence for / ] PTG \
. A Chromosem: F-plasmid
frans-acting genes/proteins [ o g

T~ & |

Nonfunctional  Functional Repressor bound to
PTG fi-galactosidase permease  operator, no transcription
Chromosome
I~ ¥

or z

7 T \ +IPTG
k r;’f b3 Chromosome F-plasmid
Functional Functional o s " o + o
K Pgalactosidase  permease m Y ‘ l o I Zz ‘ Ll i
Inactive “ £ i )
repressor N 7 rff v“
Nonluncllona\ Functional /r Functional Functional

f-galactosidase permease 1 fi-galactosidase permease

Chromosome F-factor plasmid
IB [ Y I o Z vt IPTG

Inactive e— S,

T
repressor Functional
repressor

IPTG

23



Experimental evidence for
cis-acting DNA sequences

-IPTG
Chromosome F-plasmid
z y+ o} zZ+ y+

c’:@ i\l :£\| | |

Nonfunctional  Functional Repressor bound to
fi-galactosidase permease  operator, no transcription

+PTG
Chromosome F-plasmid

o° Z ¥t o* r4 ¥t

h ;o 4
4 /. J Y
MNonfunctional  Functional Vi Functional Functional
f-galactosidase permease ~ f-galactosidase permease

IPTG

Experimental evidence for trans-acting
genes/proteins

-IPTG
Chromosome
‘ﬁ’ FunchDnaI FunchonaI
[galactosidase permease
Inactlve
repressor

-IPTG
Chromosome F-factor plasm|
- 0" s I+

]@ L @ I C I
Ry
W \k:"-az. I ﬁ,/
Inactive ';":===—.=_,=i£= -
repressor Functional
repressor
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Control positivo de la transcripcion del operon Jlac
cAMP-CAP (cAMP-CRP)

Transcripcion de mRNA-lac sélo cuando no hay glucosa

DNA 'Tlh‘-l’I site Bound by RNA polymerase 5 %/ \J/ 1 mRNA
:'s'—.-\TT_-\AT‘GTGAGTT;;GCTCACTCATTA("CHIJ:\CCCCAGGCTTTAGACTTT.—\TGCTTCC("("CTCGTATGTT("TL",‘TGG.-\AT‘TGTG:\GCGGAT‘:L-\CA!\‘TTTCACAC
! —35 region —10 region : Operator :
(a)

1

catabolite activator protein (CAP)

cAMP receptor protein (CRP)

The lac control region contains three
critical cis-acting sites

cAMP-CAP footprint Repressor footprint

RNA polymerase footprint

5> —>
S e i [ac 2],
-84 | [+ +39
—35 region —10 region
Figure 10-9
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Positive control of the lac operon is

exerted by cAMP-CAP

Adenylyl cyclase

Repressor Jac mRNA AV + OO

lf —— l
4

l,—.pmmo,.- CAP = catabolite
@ activator protein
Inactive repressor (CAMI "

P o =z

Positive control of the lac operon is
exerted by cAMP-CAP

ta) Glucose present (cAMP low); no lactose

) CAP{ 3 7
CA;!’—tcatabct)Il_te s s B > ——
activator protein £ "
P | Frumg::tew Operator
b -
_--"-"‘x"
Repressor

b} Glucose present (cAMP low); lactose present

CAP f:}%' _
i S e |

]
l, &/\ Wery little fac mRMNA

‘-} “‘:;' Inducer
-

A repressor
Lactose

[

{c] No glucose present {[cAMP highl; lactose present

cAMP. P oo =z
oo e z i . o
! &’jk&w
Abundant lac mENA

="
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ta) Glucose present (cAMP low); no lactose

AP
[ [ o

f; &7
j' P :i:ny Operator

s e e

Repressor

b} Glucose present (cAMP low): lactose present

cAP
A
[sisiEE S EE z ] O

c‘l;;ff}uw_

reprassor

Wery little fac mRMA

o=

Lactose

{e) Mo glucose present {cAMP high); lactose present

cAMP.
[ T [ehes ’A £ I E | A ]
‘_‘ —¥ L Abundant lac mRNA

Cooperative binding of cAMP-CAP and RNA polymerase to
the lac contol region activates transcription

| Glucose reduces CRP activity

Glucose
o subunit RNA polymerase

*0
cAMP-CAP o ‘
| ‘ Reduced cAMP
— 1
‘v
\ ‘/ Active CRP Inactive CRP
-84 -50 +1 "'

| [
| 5 r ™
4

Lac control . .
region CAP site  Polymerase site
‘ Na transcription

¢ Figure 11.6 By reducing the level
i of cyclic AMP, glucose inhibits the
;. transcription of operons that

: require CRP activity.

cuirualiext www ergito.com
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cAMP-CAP _

RNA polymerase

interaction surface RNA polymerase

interaction surface

cAMP-CAP
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Represion catabdlica

Es el resultado de la disminucién del la concentracién intracelular de cAMP

. =
ingreso de glucosa

ala célula @

S O

0
o
| Aden: ! hosphodiesterase
*O—T—O—T—O—?—O—CHZ ylyl cyclase Phosph: > HO—I';’—O—CHZ
i CH f
o o o o O\\ /0/ 2 0 o 0
Pyrophosphate P H,0
PP} o o
OH OH OH OH
ATP Cyclic AMP AMP

Catabolite Repression: rapid
but not immediate

Glucose

|

lac mMRNA

| | | l |
8

10
Minutes after IPTG addition
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Glucose does not affect the abundance of /ac mRNA
iImmediately because:

1. synthesis of CAMP must cease

2. intracellular cAMP levels must drop (actively transported out
of cell)

3. CAMP must dissociate from CAP
4. CAP must release from lac promoter DNA

5. recruitment of RNAP, and concomitant transcription initiation,

must decline

6. pre-synthesized /ac mRNA must be degraded by intracellular
RNases (responsible for the short half life of virtually all
bacterial mRNAS)

Catabolite Repression

IS NOT AN EXAMPLE OF
NEGATIVE CONTROL

Rather, catabolite repression occurs
since the stimulatory effect of CAP is lost
(for it is unable to bind DNA).

CATABOLITE REPRESSION
RESULTS FROM A
LOSS OF POSITIVE CONTROL
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