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*‘INTRODUCTION

- Although the control of gene expression 1s far more complex 1n
cukaryotes than in bacteria.

- The expression of eukaryotic genes 1s controlled primarily at
the level of mmtiation of transcription, although 1 some cases
transcription may be attenuated and regulated at subsequent
steps.

- As 1n bacteria, transcription 1 eukaryotic cells 1s also
controlled by proteins that bind to specific regulatory sequences
and modulate the activity of RNA polymerase.

- 'The intricate task of regulating gene expression in the many

cifferentiated cell types of multicellular organisms 1s

accomplished primarily by the combined actions of -q%ultiple
. . . y ———— ..




*cis-ACTING REGULATORY SEQUENCES

« Transcripton 1 bacterta 1s regulated by the binding
of protems to cisacting sequences (e.g., the /fac operator) that
control the transcription of adjacent genes.

- Similar crs-acting sequences regulate the expression of eukaryotic
genes.

. These sequences have been 1dentified in mammalian cells largely
by the use of gene transfer assays to study the activity of
suspected regulatory regions of cloned genes.

- Biologically active regulatory regi can . be 1dentified,
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Jdentification of eukaryotic regulatory sequences

The regulatory sequence of a cloned eukaryotic gene 1s ligated to a
reporter gene that encodes an easily detectable enzyme. The
resulting plasmid 1s then mtroduced into ¢ wmple.nt cells
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‘PROMOTERS AND ENHANCERS

- Genes transcribed by RNA polymerase II have two
core promoter elements, the TATA box and the Inr sequence,
that serve as specific binding sites for general transcription
factors.

- Other cs-acting sequences serve as binding sites for a wide
variety of regulatory factors that control the expression of
individual genes.

« These cis-acting regulatory sequences are frequently, though
not always, located upstream of the TATA boxﬂp




- Both of these sequences are located within 100 base pairs
upstream of the TATA box: Their consensus sequences are
CCAAT and GGGCGG (called a GC box).

Specific proteins that bind to these sequences and stimulate
transcription have since been identified.
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- In contrast to the relatively simple organization of CCAAT and
GC boxes 1n the herpes thymidine kinase promoter, many
genes I mammalian cells are controlled by regulatory
sequences located farther away (sometimes more than 10
kilobases) from thetranscription start site.

. These sequences, called enhancers, were first identified by
Walter Schaftner in 1981 during studies of the promoter of
another virus, SV40 .

. In addition to a TATA box and a set of six GC boxes, two 72-

base-pair repeats located farther upstream are required for
efhicient transcription from this promoter.

- These sequences were found to stimulate transcription from
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The SV40 promoter for early gene expresslon contains
a TATA box and six GC boxas arrangg i 1 three sets of




AAction of enhancers
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- The ability of enhancers to function even when separated by long
distances from transcription mitiation sites, like promoters,
function by binding transcription factors that then regulate RNA
polymerase.

. 'This 1s possible because of DNA looping, which allows
a transcription factor bound to a distant enhancer to interact with
RNA polymerase or general transcription factors at the
promoter.




DN A looping
Transcription factors bound at distant enhancers are able to
interact with general transcription fac}or ‘ romoter because
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The binding of specific transcriptional regulatory proteins to
enhancers 1s responsible for the control of gene expression
during development and differentiation, the
immunoglobulin enhancer 1s active 1 lymphocytes, but not in
other types of cells. Thus, this regulatory sequence 1s at least
partly responsible for tissue-specific expression of the
immunoglobulin genes in the appropnate differentiated cell type.
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Features Of Cis-actilmg Elements

(1) Promoter
¢ Core promoter
¢ 1n eukaryote: TATA-box, Imtiator (Inr).
¢ 1n prokaryote: -10 region, Inr.
¢ Proximal elements of promoter
¢ in prokaryote: -35 region.

¢ in eukaryote: CAAT-box, GC-bo '??&‘V




(2) Terminator
A DNA sequence just downstream of the coding
segment of a gene, which 1s recognized by RNA
polymerase as a signal to stop transcription.

(3) Enhancer
A regulatory DNA sequence that greatly enhances the

transcription of a gene.

(4) Silencer
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(5) Insulators

An insulator may block an enhancer
An enhancer activates a promoter
Enhancer Promoter
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An insulator blocks enhancer action
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An insulator may block heterochromatin
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*Transcriptional Regulatory Proteins

- One of the prototypes of eukaryotic transcription factors was mitially
1dentified by Robert Than and his colleagues during studies of the
transcription of SV40 DNA.

« Thus factor (called Spl, for specificity protein 1) was found to stimulate
transcription from the SV40promoter, but not from several other
promoters, 1n cell-free extracts.

« Then, sttimulation of transcription by Sp1 was found to depend on the
presence of the GC boxes in the SV40 promoter: If these sequences
were deleted, stmulation by Spl was abolished.

- Moreover, footprinting experiments established that Spl binds
specifically to the GC box sequences. <. LN




Examples of Transcription Factors and Their DMNA-Binding Sites

Transcription factor Consensus binding site
Specificity protein 1 (Sp1) GGGCGGE
CCAAT/Enhancer binding protein (C/EBP) CCAAT

Activator protein L (APL) TGACTCA

Octamer binding proteins ATGCAAAT

(OCT-1 and OCT-2)

E-box binding proteins (EL2, E47, EZ2-2) CAMMNTGEE

a M stands for any nuclectide.

The 1solaton of a varlety of transcriptional regulatory
proteins has been based on their specific binding
to promoter or enhancer sequences. Protemn binding to these

DNA sequences 1s commonly analyzed by two types of
experiments. The first, footprinting. The second approach 1s

the electrophovetic-mobility shift assay, 11 which a
radiolabeled DNA fragment i1s 1ncubated with a protein
preparation and then subjected to electrophoresis through a non



*Structure and Function of Tra]nscriptional
Activators

DNA-binding AN

domain

\ Structure of transcriptional activators 3




« The basic function of the DNA-binding domain 1s to anchor
the transcription factor to the proper site on DNA; the
activaton domain then independently stimulates transcription
by interacting with other proteins.

- Molecular characterization has revealed that the DNA-
binding domains of many of these proteins are related to one
another .

- =>inc finger domains contain repeats of cysteme and histidine

residues that bind zinc 10ns and fold mto looped structures
(“fingers”) that bind DNA.

« These domains were 1dentified 1n the polymerase I11
transcription factor TFIITA but are also common among
transcription factors that regulate polymerase II promoters,
including Sp1.

- Other examples of transcription factors that contain zinc finger
domains are the steroid hormo ne Teceptors, @ulate.




« The helix-turn-helix motif was first recognized 1n
prokaryotic DNA-binding proteins, icluding the E. coli
catabolite activator protemn (CAP).

- In these proteins, one helix makes most of the contacts with
DNA, while the other helices lie across the complex to
stabilize the interaction.

- In  eukaryotic cells, helix-turn-helix proteins 1nclude
the homeodomain proteins, which play critical roles mn the
regulation of gene expression during embryonic
development.

» Molecular cloning and analysis of these genes the

mdicated
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*Gene Regulation at DNA Level
Chromatun Remodeling

DNA Methylation

Cytosine 5-methylcytosine




4 Housekeeping gene -A gene involved in basic
functions 1s required for the sustenance of the cell.
Housekeeping genes are constitutively expressed

4 Luxury gene - are those coding for specialized
functions synthesized (usually) mn large amounts
particular cell types.

* CpG islands
- These are genomic regions that contain a high
frequency of CG dinucleotides.
- CpG 1slands particularly occur at or ne‘a_r‘f“&gV
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Histone modification
¢ methylation
¢ acetylation

Nucleosome
A,

#. DNA i - ?
Histone proteins
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