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«'Synthesis & Processing of
ribosomal RNA (rRNA)

* The primary transcripts of the mammalian
rRNA include a 45S rRNA (pre-rRNA) & a 5S
rRNA.

* The 455 TrRNA is synthesized by RNA
polymerase | then undergoes RNA processing
in the nucleus which cleaves the precursor to

release the mature 18S, 5.8S, 28S rRNA
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* The 45S genes for 18S, 5.85 and 28S rRNA are o
typically clustered together and tandemly~ Spacer DNA IW'W’
repeated (one copy each of 18S, 5.85 and 28S | |
occur, followed by untranscribed spacer DNA,
then another set occur and so on).

* 55 RNA gene is transcribed by RNA polymerase
11}

I'7Hundreds of copies of these genes are present in
every cell. This large number of genes is required
to synthesize sufficient copies of each type of
rRNA to form the 10’ ribosomes required for
each cell replication.
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Unlike pre-rRN£ genes, SS-rRNAjgenes are

transcribed by RNA polymerase Il in the

nucleoplasm outside of the nucleolus. Without deoluc 115
further processing, 5S RNA diffuses to the — | ”’“ 1 g 0503 V’*?’{
nucleolus, where it assembles with the 285 and > (=W (RNAs ) o ol
5.8 rRNAs and proteins into large ribosomal _ (faﬂj\ S 585 5 223
subunits. When assembly of ribosomal subunits- |

in the nucleolus is complete, they are transported
through nuclear  pore  complexes to A
the cytoplasm, where they appear first as free
subunits. ~
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«Synthesis & Processing of tRNA Drimary i o o 90 6sl L pol 30

al c-Ytranscript (pre tRNA)

mature .~ vl modification

 Eukaryotic tRNA genes are all transcribed by RNA
polymerase lll.

 The primary transcript (pre-tRNA molecules) requires

up to 4 different types of RNA processing steps as
follows: > s s pnpll 52 o SRl

@Addition of the CCA sequence at the 3\ end by the
nucleotidyl transferase.

@ Excision of the nucleotide extension at the 5‘end.
(3-)Excision of introns present in the anticodon loop.

4-Modification of some bases by methylation of uracil
into thymine or reduction of uracil into dihydrouracil
and formation of pseudouracil

N




exdenbon. JILLS 5P

Sl sdisos
AUGC  Zawb
L > OW
3 Processing
. |
onh'ecodon {ecp
Boky 5P 4
Pre-tRNA molecule M:ln:r?::A
(a) (b)

not M

_______

Intramolecular
base-pairing

mRNA 5

D <« medfimhons
N i_ﬂst“-ﬁ"'& @

eXxienhon
el
Anticodon

N



File 11 gene regulation M Ly 1 #
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Regulation of eukaryotic gene expression =~ s S5 products SasklLuF S

L s transcriptionJ! au® bl e ils 4
* The levels of eukaryotic gene regulation S transcription J
include the following:
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3- Post-transcriptional regulation.




1-Alteration of gene content
(regulation through modification to DNA)

* The eukaryotic genome may be changed by
the following mechanisms:

Gene amplification:

* [t is the increase of a gene product by
increasing the number of genes coding for
that product e.g. histone & rRNA genes.

* More than 20 genes are known to be
amplifiable e.g. dihydrofolate reductase
genes.
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* Dihydrofolate (FH2 is a derivative of folic acid) is
reduced to  tetrahydrofolate (FH4) by
dihydrofolate reductase.

Methylene-FH4 is required for conversion of
dUMP to dTMP which is utilized for DNA
synthesis.

It has been demonstrated in patients receiving
methotrexate ( an inhibitor of FH2-reductase) as
a treatment for cancer that malignant cells can
develop drug resistance by increasing the
number of genes for dihydrofolate reductase.

For cancer, methotrexate competitively inhibits dihydrofolate reductase (DHFR)
(methotrexate is structurally similar to folate). The affinity of methotrexate for DHFR
is about 1000-fold that of folate.
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Gene diminution: b o AL S nucleus L AL RBCsJ
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* |t is a rare form of regulation by removing a S o
gene or genes from the genome e.g. complete J L It P nucleus s Ols L ol v
loss of all genes in red blood cells during o Fonucleusdi LB development
development s 4 # Gene diminutionar ¢ O

WA 57 4l g ' |

* A gene whose expression is only needed at a particular developmental ¥ (‘/4, &Wreg%laﬂ'ond wrare
point or in a particular tissue may be shut off by gene diminution. As oLl Lol Mool Ls \4'9,4«'1#930‘%4‘0’ =
reticulocytes mature into red blood cells all of their genes are lost as oL/ \;,,uté.ua; s development J 4L~

the nucleus is degraded.
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DNA regulatory regions s Chromatin remodeling =" (7/:’ (7/:’ (G"h stranscriptiond 4/ L}regulationwél:ﬁ @"“
2- Transcriptional regulation.

{ Cytosine methylation
Chromatin remodeling w
[ Histone acetylation

J
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Cytosine methylation
-CCé islands

QK““"?\ r\
* Many mammalian genes have CG- rich

regions upstream of the coding region, that
provide multiple sites for methylation.

* The methyl group is added by DNA methylase

on both strands of DNA in 5-CG-3
dinucleotides.
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transcriptionaly inactive ! oldl 4 12
* Heavy methylation is associated with genes for which (i cthyl groupats Cytosined! CG U1 dzip..
the rate of transcription is low. 1 (9 eer

methylation is associated with gene silencing

* Transcribtionally inactive chromatin is densly packed
(a highly coiled and compact structure) during § LA Lt el sk coding regiond! g LS L Ls)
interphase as observed by electron microscopic § OlPalf Gt b of gene expression
studies and is referred to as heterochromatin; JlupstreamJ L
transcriptionally active chromatin stains less densely
and is referred to as euchromatin.
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* methylation converts the active euchromatin into
inactive heterochromatin and it may result in A\‘
transcriptional silencing. Reactivation occurs by
demethylation. \\
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euchromatinJheterochromatin JiJs* esls #
methyl groupd &= &% demethylation ™
cytosined g st

euchromatin

heterochromatin

nucleolus
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* Heavy methylation is one of epigenetic > qene erprssion é‘f“f“*”@
mechanisms that marks a gene for silencing. badrondd - qonehc maheal 65 W, fpf’b
Ws) Lol cndl ussl Sequences ! g luflo o
w5 oo LR1s ol I
* The Greek prefix epi- (€rmi- "over, outside of,
around") in epigenetics implies features that
are "on top of" or "in addition to" the
traditional genetic basis for inheritance.
Therefore epigenetic refers to heritable
changes in gene expression that are not due A

to changes in the DNA sequence itself.
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* Acetylation at the N-terminal (lysine) reduces acetul group £¢ ¢ o~ acetylation s
[ [ [ ‘ = - e - ‘ Vad . . ‘ )
the histone positive charges & decreases the ¥ "IN terminal lysine 2=

«  gs « . . . u‘qu/” acetyl group ' (N terminal 2 C
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charged DNA, which allows the access of the ... . 7. LDNA I positivetyd
different transcription factors to act. I DNA JL JL-
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DNA regulatory regions
bud 2, 4 GALL
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~ * Each gene can be divided into coding & S
Lial a%labLl

et % regulatory  regions, as defined by the

0. transcription start site.

* In case of class Il gene (transcribed by
polymerase Il), the coding region contains the
DNA sequence that is transcribed into mRNA,
which is translated into protein.
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The regulatory region consists oclasses of

elements as follows:

A- Basal expression
elements

B- Regulated expression
elements
(cis-acting elements,



* Basal expression elements: it contains <r>see sk

/ \

proximal element or

-TATA box  that
directs the RNA
polymerase Il to the
correct start site
(+1)

The upstream element
e.g. CAAT box or GC
box that specify the

frequency of initiation
fore  of qlramcn'ph‘or\
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* Regulated expression elements (cis-acting elements): they

are specific DNA sequences that are present on the same

so termed cis-elements, and are responsible for

regulation of expression & include the following elements:
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Other regulatory
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