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Regulation Points of Gene Expression

Chromatin Activation

Post-transcriptional Modification

RNA Transport

RNA degradation

Post-translational modifications



Chromatin Activation
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Chromatin-remodeling Complexes
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Control of Transcription Initiation
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Some Cis-elements in Promotor

SV40 early

| "BE B N TA‘_I'A b_ox (TATAAAA) is at -25 a_nq Is |_nvolved In
positioning the enzyme for correct initiation.

Thymidine kinase

I 1 » | GCbox is at -90 contains the sequence GGGCGG
and is recognized by the factor SP1.

Histone H2B

P ) 0 )

~140 -120 -100 -80 -60 -40 -20 CAAT box (CCAATCT) is at =75 and is recognized

Startpoint by a large group of transcription factors and plays a

strong role in determining the efficiency of the
) « 1 promoter.

Typesof module ~ Octamer ~ CAAT ~ GC  TATA



Transcription Factors (#3%H F)

Transcription factor (sequence-specific DNA binding factor) is a protein that binds to
specific sequences of DNA and thereby controls the transfer (or transcription) of genetic
information from DNA to RNA.

General Transcription Factor

T7 RNA polymerase

Specific Transcription Factor

Leucine zipper
Leucine

Helix-turn-helix
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Structure of Transcription Factors

* DNA-binding domain(DBD): attach to specific sequences of DNA.
 Trans-activating domain (TAD): contain binding sites for other proteins.

e glutamine-rich activation domains

e proline-rich activation domains

e acidic activation domains
e Signal sensing domain (SSD) (ligand binding domain) which senses
external signals and in response transmit these signals to the rest of the
transcription complex resulting in up or down regulation of gene expression.

 Protein-protein interaction domain
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Basic helix-loop-helix (bHLH)
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bHLH structural motif ({4, /%) : two a helices connected by a loop

Structural motif: a pattern in a protein structure formed by the spatial arrangement of amino acids.

In general, transcription factors including this domain are dimeric, each with one helix containing

basic amino acid residues that facilitate DNA binding.

bHLH proteins typically bind to a consensus sequence called an E-box which is CACGTG , however

some bHLH transcription factors bind to different sequences, which are often similar to the E-box.
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Basic Leucine Zipper Domain (bZIP domain)
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Protein domain: an autonomously folding functional module of a protein.

One part of bZIP domain contains a region that mediates sequence specific DNA binding properties
and the leucine zipper that is required for the dimerization of two DNA binding regions. The DNA

binding region comprises a number of basic aminoacids such as arginine and lysine.
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helix-turn-helix (HTH)
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HTH is composed of two a helices joined by a short strand of amino acids. Recognition and binding to
DNA is done by the two a helices. One a helices binds to the major groove of DNA through a series of
hydrogen bonds and various Van der Waals interactions with exposed bases. The other a helix stabilizes

the interaction between protein and DNA, but does not play a particularly strong role in its recognition.
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A zinc finger consists of two antiparallel B strands, and an a helix. The zinc ion is crucial for the stability.
Transcription factors with zinc fingers interact with the major groove along the double helix of DNA in
which case the zinc fingers are arranged around the DNA strand in such a way that the a-helix of each

finger contacts the DNA, forming an almost continuous stretch of a-helices around the DNA molecule.
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Activators

These proteins bind to genes
at sites known as enfhancers.
Activators help determine
which genes will be switched
on, and they speed the rate
of transcription.

Repressors

These proteins bind

to selected sets of genes

at sites known as siencers.

They interfere with the

E‘;ﬂ'_haﬂuer functioning of activators
N = and thus slow transcription.

.3 o
S A
-
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Coding
region
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Coactivators | TATA box

These "adapter" molecules
integrate signals from activators s
and perhaps repressors and Basal transcription factors
relay the results to basal factors. In response to injunctions
from activators, these
factors position BNA
polymerase at the start
of the protein-coding
region of a gene and
send the enzyme on
its way.

Core promoter



DNA Methylation
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DNA methylation is the covalent addition of a methyl group (CH;) to cytosine

within the context of CpG dinucleotide (CpG island).










DA Methylation is a modification of one of DNA s four bases: cytosine.
Thiis is represented with the addition of the "M"™ symbol for the methyl group.
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DNA Methyltransferases, DNA 3
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The flipping out of the Cytosine by the methyltransferase from the DNA duplex.



Post-transcriptional Modification

RNA processing Cytoplasm
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Post-transcriptional modification is a process in eukaryotic cellsby which primary

transcript RNA is converted into mature RNA.
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Capping of the pre-mRNA involves the addition of 7-methylguanosine (m’G) to the 5' end which is
called a cap O structure. The ribose of the adjacent nucleotide may also be methylated to give a cap
1. Methylation of nucleotides downstream of the RNA molecule produce cap 2, cap 3 structures and

so on. The cap protects the 5' end of the primary RNA transcript from attack by ribonucleases.




Cleavage and Polyadenylation

Template DNA
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RNA Polymerase Il
Nascent RNA
Polyadenylation  Cleavage GU-rich
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Complex assembles with all 3' processing componeants
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Poly(A) polymerase (PAP) adds A residues

AALIANN, m— D APAAPAA-S
CsilF PAP

Poaly(A)-binding protein (PBEP) binds to poly(A)

PEP

AALIAAA ABBANDBAAADBAN-TF
CstF

PAP

Reaction stopsa after —200 A residues; complex dissociates

PBP

AALIAAN, ALLALLALLALLLOLA-TF

adenine residues to form a poly(A) tail.

ribonuclease digestion.

The pre-mRNA processing at the 3' end of the RNA involves cleavage and the addition of about 200

Cleavage and polyadenylation specificity factor (CPSF) and cleavage stimulation factor (CStF) are two
factors bind to the sequence elements. A protein complex forms which contains additional cleavage
factors and the enzyme Polyadenylate Polymerase (PAP). This complex cleaves the RNA between the
polyadenylation sequence and the GU-rich sequence at the cleavage site. Poly(A) polymerase then adds
about 200 adenine units to the new 3' end of the RNA molecule using as a precursor. As the poly(A)
tails is synthesised, it binds multiple copies of poly(A) binding protein, which protects the 3'end from
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Alternative RNA Splicing

SV40 T/t antigens splice two 5' sites to a common 3' site

,.

T
Adenovirus E1A splices variable &' sites to a common 3' site

b | 2 3 <4 exons

135 I s 289 amino acids

128 eesssseE— SO =43 amino acids
9SS 55 amino acids

D. melanogaster tra splices a §' site to alternative 3' sites

. - : Male & female
s 2 SoeaEsssssss 22 ZSsssssssss No protein

s o Female only
— ‘IS EEEeesssmm 200 amino acids

In many cases, the splicing process can create a range of unique proteins by varying the exon
composition of the same messenger RNA. This phenomenon is then called alternative splicing.

Exons can be extended or skipped, or introns can be retained.




RNA Editing
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RNA editing describes those molecular processes in which the information content in an RNA
molecule is altered through a chemical change in the base makeup. RNA editing in mMRNAS

effectively alters the amino acid sequence of the encoded protein.




MRNA Degradation

Decapping leads to 5°-3' degradation
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Translation Control
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Phosphorylation of elF2 Regulates Synthesis of Protein

elF2 (Eukaryotic Initiation Factor 2) is an eukaryotic initiation factor. It is required in the initiation of translation.
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Protein phosphorylation plays an important
role in the control of elF2. elF2 binds GTP
and Met-tRNA and transfers the Met-tRNA to
the 40S subunit to form the 43S pre-initiation
complex. Later in the cycle, prior to
elongation, the bound GTP is hydrolyzed,
releasing elF2-GDP. For elF2 to promote
another round of initiation, GDP must be
exchanged for GTP, a reaction catalyzed by
elF2B. This phosphorylation stabilizes the
elF2-GDP-elF2B complex, inhibiting the

turnover of elF2B.
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Leaky scanning is a way to translate
two overlapping open reading frames
(ORF) on the same mRNA
independently of each other.

When the small ribosome subunit
reaches the first AUG codon it may
recruit the large subunit and initiate
translation of the first ORF.

However, the nucleotides
surrounding the AUG codon may
disturb this process and the small
subunit will then continue to the next
AUG codon and initiate translation of
ORF-2.

In this way two independent proteins
can be expressed from a relatively
small genomic region.

Leaky scanning Is also used to
express a protein  encoded
downstream of the first ORF on the
mRNA.



Posttranslational Modification

Posttranslational modification (PTM) is the chemical modification of a protein after its translation.

After translation, the posttranslational modification of amino acids extends the range of
functions of the protein by attaching to it other biochemical functional groups such as
acetate, phosphate, various lipids and carbohydrates, by changing the chemical nature of

an amino acid or by making structural changes, like the formation of disulfide bridges.




Post-translational Modifications of Histones
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Modification of Primary Structure of Insulin
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Structure and Function of TFPI-2

MW: 25KD
AA: 235
Most In ECM

TF/VII/VIa

Kallikrein, Trypsin,

O : :
Q@i Chymotrypsin, Plasmin

Physiological role
Unclear

Inhibits many tumors
Invasion

Gliomas, Fibrosarcoma,
Melanoma, Lung cancer,
Prostate cancer, etc.

Inhibits atherosclerosis
plaques rupture.

Target diseases
Malignant Tumor metastasis
Unstable ungina
Acute pancreatitis



Expression of TFPI-2 in Breast Cancer Sample
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AGTAATAAGA CATTTGTGAT ATATTAGAAT ATTACTCALT GATTTARAGE AACAGACTAT Mol
AGTAATAAGA CATTTGTGAT ATATTAGAST ATTACTCALT GATTTARAGH AACAGACTAT HIVEC.
AGTAATAAGA CATTTTGAT ATATTAGAAT ATTACTCAAT GATTTARAGT AACAGACTAT MCF-7.
AGTAATAAGA CATTTOTGAT ATATTAGAST ATTACTCALT GATTTARAGG AACAGACTAT 231,
AGTAATAAGA CATTTHT AT ATATTAGAAT ATTACTCALT GATTTARAGE AACAGACTAT 435,

TGATACABAC AGUAACATAT TTATACATTG TGGGATATTC ATACGTTTTA TATTACTCAA Hontal
TGATACABAC AGCAACATAT TTATACATTG THOGATAITE ATACGTIT HIVEC.,
TOATACACAL AGCAACATAT TTATACATT (T GHATATTC ATACGTIT MR,
TGATACABAC AGCAACATAT TTATACATTG TGOGATATTC ATACGTIITATATTACTCAY 251,
TEATACAFAC AGCAACATAT TTATACATTG TGGGATATTC ATACGTTTTATATTACTCAY 435,

THATTTARAG GLACAGACTA TTGATACAGA CAGCAACATATTTATACATT GTGOGATAIT Homnal

Ti5ATTTAAL GRACAGAC T TTCATACADA CASCAACATA TTTITACATT (T GGBATATT] HUVEL

TATTTARAR FAACAGACTA TTBATACACA CAGCRACATA TTTATACATT GTGEGATATT MCRT,

TGGTTTARAS GARCAGACTA TTGATACAGA CAGCARCATA TTTATACATT GT GGGATATTI Al

TGATTTARAG GAACAGACTA TTGATACAGA CAGCAACATATTTATACATT BTGBGATATT 435,

CATACGTTTT GHTARATTCATACCTT GOAC TACGCAGGAR TTARMAGLAN CAGACTAT TG Hontal
CATACOTTTT| GETAAMTTCATACCTTGRAC TACGCAGGAL TTAMAAGALL CAGACTATTG HUVEL.,
CATACOTTTT| GOTAAMTTCATACCTTGRAL TACGCAGGAL TTARAAGALL CAGACTATTGLICKT
CATACGTTTT| GOTARMTTCATACCTTGOAC TACGUAGHAA TTARAAGARL CAGACTATTE 231,
CATACOTTTT| GETARMTTCATACCTTGRAC TACGUAGAL TTAAAGALA CAGACTATTG 435,

ATGCAGTGAC CTGEECHTAT CTCAMAACA GEARGTGTEA GARAGAALTA CTACACAGTG Nomud
ATGCAGTGAC CTGOG0GTAT CTCAMAAACA GHUAGTOT A GARAGARATA CTACACAGT HUVEL.,
ATGCAGTGAC CTGEECHTAT CTCAMAACA GEARGTGTOA GARGARATA CTACACAGTG MEFT.,
ATGCAGTGAC CTGEECHTAT CTCAMAACA GEARGTGTOA FARAGARATA CTACACAGTG 231
ATGCGETGAL CTEEECHTAT CTC LML CA GOTARTGT 5A CARAGGALTA CTACACAGTG 435,

CTGCAGEAGE TTTCTGEAGT GATGRARATG TICTAACTCT TTTITTITIC TTCTICTICT Homnal.
CTGCAGEAGE TTTCTGEAGT GATGEARAT( TICTAACTCT TTTITTITIC TICTICTICT HUVEC.
CTGCAGEABE TTTCTGEAGT GATGEARATG TICTAACTCT TTTITTITIC TTCTICTICT MCRT.
CTGCAGEABE TTTCTGEAGT GATGEARATG TICTAACTCT TITITTITOCTICTICTICT 231,
CTGCAGHARE TTTCTGRAGT (AT GHALATG TTCTAACTCT TTTTTITTOCTICTICTICT 435,

TCTTTTICTT COTTTCGAGA CREAGTTC CA CTET GLCGEC CAGACT GiAl THEAGT GGG Hintal
TCTTTTICTT COTTTCGAGA CHEARTCCA CTCTBECOE CABAC THEAG TRUAGT GECG HUVEC.,
TCTTTTICTT COTTTCGAGA CHGAFTIC CA CTETGLLGEC CABACT BEAG THCAFTHGCG MUF-1.,
TCTTTTICTT COTTTCGAGA CREARTTCCACTCTGCCOLC CABACT GRAG THEARTGECG 231
TCTTICTCIT COTTICGAGA COEARTTCCA CTCTBUCRCC CABRCTORAG TRCHOTOOCE 433,

CCCGAGEEEE THEEACTACA GETGCOCHCC ACCACGLC OO GUTAMTTTIT TGT GTTTTTA Homnal
CCCGABEEEE THHEACTACA GETGCOCGCC ACCACGCC O GCTAMTTTIT TETGTTTITAHUVEL.
CCCGABEEEE THHEACTACA GETRICCECC ACCACECCCD GTTALTTTIT TGTGTTTITAMCET.
CCCGABEGEE THHEACTACA GETGCOCHCC ACCACGLCCE GCTALTTTIT TRTGITTTIA 231,
CCCGABEEEE THHEACTACA GETGCOCECC ACCACGLCCE GCTALTTTIT TRTGTTTITA 435,

TACGATATAT TATAAGCCT G TATTAMAT BT ARTTAGAAC TCGATTGAM TCTGTGTGTA Hontal
TACGATATAT TATAAGCCT G TATTAAAT BT AAATTAGRAL TCGATT GAAL TCTHTHTGTA HIVEC.
TACGATATAT TATAAGCCT G TATTAMAT BT AMTTACAAC TOGAT TEAM TCT(TGTETAMCET.
TACGATATAT TATAAGCCT G TATTAAAT BT AAATTAGAAL TTGATTGAA TCTGTGTETA 531
TACGATATAT TATAAGCCT G TATTAMAT 5T AMTTAGAAL TCOATTGAAL TCTGTHTGTA 435,

GLHGGCACCE GRELCGCCTE GAGCAGARAS COBCECACCT CLTCECGUCA GECELTTICT Homnal
GLHGGCACCE GEGLCHCCTE GAGCAGALAG COGCECACCT COTCCGECA GECECTTICT HUVEL.
GLHGGCACCE GRGCCGCCTE GAGCAGARAS COBCECACCT COTCLLGOCA GECELTTICT MCFT.,
GLHGGCACCE GRELCHCCTE GAGCAGARAS COGCECACCT COTCCLRCCA GOCGCTTICT 231,
GLHEGCACCE GRGLCHCCTE GAGCAGARAS COGCECHCET COTCLLRCCA GOCGLTTICT 435,



Variation of DNA sequence in promoter region has
no significant effect on it’s activity
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Methylation Difference in CpG Island
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Effect of 5-AZA(DNMT inhibitor), TSA(HDAC inhibitor) on
the mMRNA and protein expression of TFPI-2

5-AZA&TSA on MDA-MB-435 5-AZA&TSA on MCF-7
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P-144 has nearly same luciferase activity as P-1436
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Methylation Represses TFPI-2 Promoter Activity In Vitro
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Scanning Mutation
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GGATCCTCTAG: +
AT Gk ’ S
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GEATCCTC TG 4 :MG
GOATOTCTAGE: * SM5
(AT TG " s
GGATOCTCTAGA + SM3
GGATCCTCTAGE + SM2
GOATCCTCTAGA n S\
CGATOCIC TG . priseTTe
0.01 0.02 .03
GRATOCTCTAGA
TFs Opt. Position. S. c.m. M.m Sequence
AP1 0.95 -89t0 -79 (+) 0.884 | 0971 catgaATCAgC
KLF6 0.87 -86 to -64 (+) 0.923 | 0.875 gaatcagCCACccctcaggcetce
KLF6 0.87 -72to -50 (+) 1 0.908 tcaggctCCGCcccggeggggat
SP1 0.88 -70 to -56 (-) 1 0.942 gccggGGCGgagect
AP2 0.89 -63t0 -51 ) 1 0.895 ccCCCGceeggggce

Searching Transcription Factor Binding Sites




Binding of KLF6 Was BLoked by DNA Methylation
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free probe #w
-86 KLF6 SP1 -42

5'-GAATCAGCCACCCCTCAGGCTCC"GCCLCCGGLCGGGGGTCGGCCGGA-3,
3-CTTAGTCGGTGGGGAGTCCGAGGC"GGGGCCGCCCCCAGCCGGLCLT -5



Summary

Chromatin Activation
Control of Transcription Initiation: cis-elements, transcription factor

Post-transcription modification: capping, polyadenylation, alternative

MRNA splicing, RNE editing, mMRNA degradation
Post-translational Control: protein modification

An example of Epigenetic regulation



The two main components
of the epigenetic code

DNA methylation

Methyl marks added to certain
DA bases repress gene activity,

Histone maodification

A combination of different
molecules can attach to the ‘tails'
of proteins called histanes, These
alter the activity of the DNA
wrapped around them.

Chrompsome

Try not to become a man of
success but rather try to
become a man of value.

-- A. Einstein
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