Regulation of Gene expression
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Different cells:

* Similar DNA sequence
* Different protein expression
* Different function

(A) human brain (B) human liver
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Regulation of Gene expression
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Gene expression
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Regulatory proteins are important for gene regulation.

Regulatory proteins: Proteins that control the expression of genes
¢ REPressorS: Negative regUIatorS Table 7-1 Some Gene Regulatory Proteins and the DNA Sequences That They

. .. Recognize
* Activators: Positive regulators © NAME  DNASEQUENCERECOGNIZED*
Bacteria Lac repressor 5'AAT A\GCGGAT [T

3 b
Protein-DNA interaction o NG

Lambda repressor T{uwﬁz&t fT: ??T

Bind specific sequence of DNA and e s = ﬁ“’iﬁcﬁé
facilitate gene expression. Mata2 comaT
Protein-Protein interaction e AR
Bind other proteins and activate P %ﬁ
transcription Maniais | 503 m;;m
Protein-RNA pol. interaction ociPmdonsh  JEANT
Bind RNA polymerase and activate =5, 18
transcription il =

*For convenience, only one recognition sequence, rather than a consensus sequence (see
Figure 6-12), is given for each protein. 5

Table 7-1 Molecular Biology of the Cell (© Garland Science 2008)
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Regulation of Gene expression in Prokaryotes

Operon: group of genes that need the same set of

regulatory machineries lac operon
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lac operon
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Regulation of Gene expression in Eukaryotes

NUCLEUS | | CYTOSOL  mRNA }
degradation 5
control
-—-— :
‘mRNA ~ mRNA \
1 2 3
transcriptional RNA RNA
control processing transport translation 4 protein
control and control activity . .
localization control Inactive
control
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Chromosome structure of Eukaryotic cells is complicated.

* .. _ Heterochromatin
More Condensed
Silenced genes

\ Euchromatin

Less condensed
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Epigenetics

DNA-methylation
Histone modification

- Acetylation

- Methylation

- Ubiquitination
-Phosphorylation

Polycomb/Trithorax

Transcription control

The two main components
of the epigenetic code

DNA methylation

Methyl marks added to certain
DNA bases repress gene activity,

-Histone tails

Histone modification

combination of different
molecules can attach to the ‘tails’
Histones of proteins called histones. These
alter the activity of the DNA

ooooooooo

http://embryology.med.unsw.edu.au/MolDev/Images/epigenetics.ipg 1 8
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DNA methylation
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Aithal et al, J of Genetics, 2013
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DNA methylation targeting for cancer treatment
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Histone modification

Histone tail
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Folmer et al, Current Nutrition & Food Science, 2010
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Histone acetylation and deacetylation

silenced genes gene transcription
(closed chromatin) (open chromatin)
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HDAC targeting for cancer treatment
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Polycomb (PcG) & Trithorax (trxG)

Drosophila melanogaster  Human
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Polycomb (PcG) & Trithorax (trxG)
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PcG & TrxG complexes regulate chromatin
remodeling through histone modifications.

e S
@ MLL

PRC2

AR
'.m’&;@
ACTLA s o SMARCCD

2 CSMARCED)
ACTL6B
SWI-SNF

Polycomb group (PcG: PRC2 and PRC1) and trithorax (TrxG: mixed-lineage leukaemia
(MLL) complex directly methylate histone tails through the histone
methyltransferase (HMT) activity of the subunit*. SWI-SNF, ATP-dependent
chromatin remodeling complex, mobilize nucleosomes through the ATPase activity
of the subunit™.

ACTL, actin-like; ARID1, AT-rich interactive domain; ASH2, absent small or homeotic 2; CBX, chromobox homologue; DNMT, DNA methyltransferase; EED,
embryonic ectoderm development; EZHZ, enhancer of zeste homologue 2 HCF1, host cell factor ClL
PHC polyhomeotichomologue;PHD planthomeodomain;RBBP retinoblastoma binding protein; RNF, ring finger protein; SUZ12, suppressor of zeste homologue 12;
WDR5, WD repeat domain 5.



How BAF complex remodel of chromatin?

@\@\@\ The steps of remodeling

l SWI/SNF binding (energy of binding leads | nCI Ude

to the disruption of histone-DNA contacts)
°

= =

l DNA translocation and loop formation

N

Loop propagation

Sliding Ejection of adjacent
nucleosome

@%@%

SWI/SNF binding,
Disruption of histone—
DNA contacts,
Creation of a loop of
DNA that propagates
around the nucleosome
In a wave-like manner
Repositioning of DNA
with respect to the
nucleosome (sliding).
Sliding may also lead to
the ejection of an
adjacent nucleosome.
29



SWI/SNF (BAF) complexes facilitate factor binding.

Dlsordered nucleosomes

/é@%\

Repressor

Active Repressed
(e.g. lineage-specific genes) (e.g. cell proliferation genes,
MYC, CCNB2 and CDK1)

At active genes that are rich in SWI/SNF binding the transcription start site is
flanked by precisely positioned nucleosomes, thus providing unobstructed access to a
hucleosome-depleted region that contains tfranscription factor binding sites.
SWI/SNF complexes also contribute to the dynamic silencing of targets that are
required for lineage-specific differentiation and that facilitate the binding of
repressors 30



Eukaryotic cells require several
factors to initiate transcription.

general
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Eukaryotic cells require several
factors to initiate transcription.

the gene control region for gene X

Mediator

~geneX

RNA transcript

Figure 7-44 Molecular Biology of the Cell (© Garland Science 2008)
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