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Regulatory Sequences & Molecules

Cis-acting factor - Sequence

Trans-acting factor — Molecule - Protein



Trans-acting molecules, usually
Proteins, are symthhesized from
genes tThat are differenmnt from the
genes tTargeted for regulation.
Trans-acting molecules binmnd to
cis—-aciting eslerments omn DINAL
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Thr l Arg
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Lys Glu
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Leucine zipper
Leucine

Helix-turn-helix

Zinc finger - “Zipper

Zinc ions
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1. Lac operon

2. Tryptophane operon

3. Co-ordination of transcription &
translation



DI0ETON.

Cis-acting regulatory elements
Structural genes that code for proteins
The transcription product is a single
polycistronic messenger RNA (mRNA).
Controlled turned on or off .

Entire package = Operon.
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Repressor bind to Operon

= No Transcription
= RNA Polymerase cannot make m-RNA
* = No Tranlation = No Protein

Operator bind to Operon

= Remove repression

e = Transcription

e = Translation

* = Protein Synthesis occur( Enzyme
synthesis )

« = Pathway proceed
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Operator lacZ gene lacY gene lacA gene
-x
Adenylyl cyclase <\
is inactive in the
presence of glucose, "'“ mRNA
and CAP is not
bound to cAMP.
Transcription is No mRNA and,
protein blocked by the therefore, no proteins
repressor molecule.| | are produced.
- Glucose Operator is not blocked and
B + Lactose Ope ron on RNA polymerase can initiate

—— transcription.

‘/ - \\\.j AR RNA polymerase >

Allolactose binds to repressor
protein, causing a conformation
change which prevents its

binding to the operator.

Adenylyl cyclase is active in the absence of
glucose, producing cAMP which binds to CAP.



+ Glucose OPeron Oﬂ

+ Lactose

Q

CAP
(unbound)

Adenylyl cyclase

is inactive in the

promco of glucose,
and CAP is not

bound to cAMP:

catabolite repression

CAP
dl-' °"‘"°°' lacZ gene lacY gene
MYA)

Although the repressor may be inactive, the
CAP binding site is empty so RNA
polymerase cannot initiate transcription.

lacA gene

Even though tho operon is off, the presence of a
few molecules of permease resulits in the uptake
and conversion of a small amount of lactose to
alliolactose, and the inactivation of some repressor
molecules.




Lactose Operon
Lactose (lac) operon codes for three proteins

* B-galactosidase
* hydrolyzes lactose to galactose and glucose

* Permease
» facilitates the movement of lactose into the cell

» Thiogalactoside transacetylase

 unknown function
All of these proteins are produced when
lactose 1s available to the cell but glucose is
not.

Bacteria use glucose as a fuel in preference to
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ose Operon

With the operon, there is three structural genes
* Promoter (P) region

* Operator (O) site

« CAP site

The lacZ, lacY and lacA genes are expressed only
when

* O site is empty

« CAP site is bound by a complex of cAMP
« CAP bind to O site

Note : CAP (catabolite gene activator protein) = CRP

- ( cAMP regulatory protein)
Lac I gene = for the repressor protein



With attenuation, transcription is initiated
but is terminated well before completion.



Trynptophan openon
Tryptophane = Excess

Pre-mature termination

Tryptophane = Less

Prevents attenuation



Q 0 Corepressor
Q" (tryptophan)
) Active
|| repressor

RNA polymerase |Active repressor bound to
can't bing operator; transcription

blocked

Trp present




Self-complementary sequences
in certain regions of the mRNA
cause a hairpin structure to form
which attenuates (prematurely
terminates) transcription.

Nascent peptide

“Terminated”

wial RNA polymerase

Ribosome translating mRNA

Ribosome initiates translation of
mRNA as it is being transcribed.




Coordination
of
Transcription & Translation
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Ultimately results in down-regulation of

protein synthesis until amino acids are again
axrailahle



e SR

Uncharged tBNA in the A site
of 70S ribosome activates
stringent factor which
synthesizes ppGpp.

AMP & ¢

ppGpp (Guanosine 5'-diphosphate
3’-diplhosphate)

Results in selective inhibition
of transcription.

_t.

rBNA., tRNA, some mRNAs
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Ribosomal protein = r-Protein
Excess r-protein = inhibited their own
production

Bind with

r-RNA (more affinity)

m-RNA - 1nitiation sequence
Acting as a physical obstacle .
One r-protein inhibits synthesis of all r-
proteins.



Normal growth conditions
(synthesis of rRENA matches that
of ribosomal proteins)

Ribosomal
protein operon rRNA gene

v e

mRNA VI’RNA
M

LTTT o

assembled
.. ribosome

Ribosomal
proteins




Adverse growth condition
(synthesis of rRNA stops,
ribosomal proteins accumulate)

¥

Binding of r-protein to its
mRBRNA prevents further
transiation of the mRNA.
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Regulation
of
Eukaryotic Gene
Expression



Regulation of Eulkaryotic Cene Exquression

1. Trans-acting molecules
2. Cis-acting regulatory elements

3. Regulation by post-transcriptional
processe

4. Regulation through modification in DNA



Operons are not found in
eukaryotes



L. Trans-acting molecules

They have at least two binding domains

Formation of multiprotein complex
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Tranms-acting nu

cecule

DNA
binding
domain

Transcription
activation
domain

Coactivator General transcription factors

Transcriptional activator (specific transcription factor)

=

<< RNA polymerase Il

Regulation is achieved by the
specific combinations of protein
factors in the transcription

complex.

wxg PN
TATA box

| Start of transcription

General transcription
factors
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For example,
Hormone-response elements (HRES)



The binding of a steroid
hormone to its receptor
causes a conformational
change in the receptor
that uncovers its zinc
finger DNA-binding
domain,

transcription
complex

TATA box

The steroid-receptor complex
interacts with specific regula-
tory DNA sequences (GRE).

Start of transcription

Regulated
gene
transcription

The hormone-receptor complex
in association with coactivator

proteins controls the transcrip-
tion of targeted genes.
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Regulatory signals mediated by



A. Regulatory signals mediated by
intracellular receptors:

, Vitamin
D, Retinoic acid,and thyroid hormone receptors
Directly influence activity of transcription factors
Alteration of DNA-binding affinity of the factors.
Steroid hormones
Ligand causes
, In associlation with

coactivators,
Complex at a cis-acting regulatory
element, (GRE)

—an example of an
HRE.
GRE can be located upstream or downstream of the genes it
regulates, and is able to function at great distances from
those genes.
The GRE, then, can function as a true enhancer
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Insulin, epinephrine, and glucagon.

Binds to G-protein
signal 1s then transduced

protein kinase
A—-mediated covalent modification.

phosphorylated



T HoOrrmMonmne or extraceilar
sigmnal molecule

Cell membrane
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Adenylyl
cyclase

VWhen CREBB is phosphoryiated
it canmn binmnd to CRE and activate
thhe transcription machinery.

CREBS Transcription factors
= IN A
/«\ polymerase IT

Start of transcription
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In intestine = Shorter protein = Apo B-48
In the liver = Full-length = Apo B-100



Gene mRNA

Translation
Exon Exon  Exon Exon Exon nnnuﬂ —
B BN E 0 f | o Aot
DNA
nnﬂﬁ Translation

mRNA

> Protein B




hnRBRENA
AUG CAA UUA
- 37
: (gin)
E Spicing i
. polyvadenylation
1 editing: C gets
: deaminated to U
L
.
mRNA N
AU G UAA UUA
5° 37
(stop)

Transiation

apo B-48
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= Iron Transporter plasma

protein

= Transferrin binds to cell-surface
receptors.
Internalized
Provide iron to target cell.
mRNA for the TR has cis-acting iron-
responsive elements (IREs)
IREs can be bound by trans-acting iron
regulatory proteins
Store the excess 1ron.







Endosome

Hepcidin Ferroportin

®¢®

Nature Reviews | Cancer



IRP binding to IRE



In low Iron
colncentration

Less Ferritin More Transferin
require to store iron Receptor require to
: orb iron
Low Iron: active IRP1 and IRP
IRP
€Y  Fermitin mRNVA — Ferritin translation
5" IRE 3 Repressed
Transferrin
receptor
TfR mRNA

mRNA

5’

Stabilized



In High Iron
concentration

More Ferritin require Less Transferin
to store iron Receptor require to
absorb iron

High iron: IRP1 converted to c-acon; IRP2 degraded

o Ferntin mRNA Ferritin translation
5" IRE 3’ = proceeds

Transferrin

receptor

mRNA 5 e o o TfR mRNA

Y 5 5 8 Y e
5’ S 3= destabilized




Iron responsive element (IRE)

K K ¥

7-CHy-G (A)
TIR MANA 5" s —
| L High iron: IRP bind Fe
Low iron: IRP binds IRE \
«“<—|RP Fe
Fe
IRP on IRE
Unbound IRE
3 _m_.l U U L 3§ 3
TfR mRNA is stabilized and TfR mRNA
used in protein synthesis is degraded
Y Y

TfR made No TfR made
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@ORNA1 = RNA silencing or RNA inactivation

OdsRNA is recognized by endonuclease (Dicer)
@Dcleaved into smaller molecules of 21-24

nucleotides
@Called short interfering RNA (siRNA).

@OsiRNA assoclates with proteins

OForm RNA-induced silencing complex or
RISC.

ORISC make complex target mRNA.

OEndonuclease (Slicer) in the RISC degrades
the target mRNA



Dicer
BIRRRAREEERER IR RN

dsRNA L1 11T

(1) dsRNA cleavage l
19-nt duplex
I 1 ,
siRNA So T 3
—J DI
2-nt overhang 2-nt overhang
(2) RISC formation l
(3) RISC activation l
. antisense
RISC w strand
Nuclease ? —elF2c
(4) mRNA cleavage l

MRNA 53 3
q s poly (A)



OA part of the body's natural
iImmune system evolved as a
defense against retroviruses,
such as HIV, that store their
genetic information in dsRNA.



ADP + Pi

®
Active .
Recruitment of RISC
FeSC \ 10 target mRNA
Nucleus ®
POlyA
Target mRNA /'_\
N\/\/\| POolyA l Target mRNA cleavage

Target gene

Nature Reviews | Immunology



Age related Macular
Degeration (AMD)

Blindness

Normal Macula

Fovea Retinal

arteries
& veins

Optic nerve




Age Related Macular Degeneration
*Visual blurring - . |

With macular
degeneration, print

may ap e, dist rted,
ane _ aris >f ywords
1.y beiaissing.




RNA i1 in AMD therapy

@Due to excess of vascular endothelial growth factor
(VEGE),

OVEGF promotes blood vessel growth.
OExcess blood vessels behind the retina.

@siRNA drug—a 21-nucleotide dsRNA ( injected into
the eye)
@Dspecifically targets the mRNA of VEGF.

@One siRNA molecule can destroy hundreds of
mRNA,

@So suppression of thousands of VEGF
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Translation regulated is through

Phosphorylation of elF-2 its function
and so inhibits translation.

Phosphorylation is catalyzed by kinases
Kinase activated in response to environmental

conditions

§ amino acid starvation

§ heme deficiency

§ presence of dsRNA

§ accumulation of misfolded proteins



Amino acid starvation, heme deficiency,
accumulation of misfolded proteins
in RER, dsRNA

©

+ ATP + ADP
; ; Phosphatase

Pi







I /Access 1o DIN/A
Euchromatin
Heterochromatin

In Euchromatin




Transcriptionally active genes are less
methylated (hypomethylated) .



2. Amount of DNA

Dihydrofolate reductase (DHFR)

= Synthesis of TTP.

= Pyrimidine biosynthetic pathway
Methotrexxate = inhibitor of DHFR
TTP is essential for DNA synthesis. Of
DNA



DHFR Gene amplification in response to
Methotrexate.
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B-lymphocyte development
recombination of gene

e Variable (V) gene
* Diversity (D) gene
e joining (J) gene



— variable portion —
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disbunlphm dode light chain

heavy chain constant



ONA i germ g

—

Recombination




If RNA involve in = Retrotransposon
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Regulation of Gene Expression: Prokaryotes
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through
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Enzymes for Enzymes for
use of lac synthesis of trp fRNA, tRNA
1 > )] ' requiated by
regulated by through !
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Positive (inducer) Attenuation through
and negative Y
(repressor) control Stringent

response

Inhibition of
r-protein synthesis




Regulation of Gene Expression: Eukaryotes
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Transcription Post-transcription Translation [ DNA level
events
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Trans-acting proteins Variation in mRNA Phosphorylation
blt?dmgl to CISt- processing and of elF-2
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( as exempl
through v Y
! Splice site, poly A Amino acid starvation,
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such as Zn-finger mRNA editing dsRNA, unfolded
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