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synthesis & processing of rRNA
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 synthesis & processing of tRNA
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regulation of eukaryotic gene expression 



⑪سكتنيجلا



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

• The 45S rRNA is synthesized by RNA
polymerase I then undergoes RNA processing
in the nucleus which cleaves the precursor to
release the mature 18S, 5.8S, 28S rRNA

Synthesis & Processing of 
ribosomal RNA (rRNA)

 polymerase لا عاونا هنم علطنب يلا وه

 tRNA لا و rRNA لا يف processing لا لمكن حر مويلا ةرضاحمب ، mRNA لا يف processing لا نع يكحن انك ةيضالما ةرضاحلماب

45s وه يلا و مهجتنب يلا سب دحاو ينج ، ةفلتخم تانيج نم وجيب ام
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• The 45S genes for 18S, 5.8S and 28S rRNA are
typically clustered together and tandemly
repeated (one copy each of 18S, 5.8S and 28S
occur, followed by untranscribed spacer DNA,
then another set occur and so on).

• 5S RNA gene is transcribed by RNA polymerase
III

• Hundreds 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 107 ribosomes required for
each cell replication.

) تحت ةروصلاب يز ( دحاو ناكمب ضعب عم ينعمجتم

ضعب ارو TTAGGG لسلست ناك telomere لاب اهيز انفش

 ؟ genome لاب 45s لا نم ريتك خسن يف شيل
 ribosomes لا عنصن ناشع اهجاتحنب هنلا
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Unlike pre-rRNA genes, 5S-rRNA genes are
transcribed by RNA polymerase III in the
nucleoplasm outside of the nucleolus. Without
further processing, 5S RNA diffuses to the
nucleolus, where it assembles with the 28S and
5.8S rRNAs and proteins into large ribosomal
subunits. When assembly of ribosomal subunits
in the nucleolus is complete, they are transported
through nuclear pore complexes to
the cytoplasm, where they appear first as free
subunits.

 nucleolus لاب وعنصت ) 28s , 5.8s , 18s ( يقابلا

 لوا 5s لا
 عنصني ام
زهاج نوكب

 عم دحتي ناشع nucleolus لا اوج لخدي مزلا 5s لا نيدعب
 large ribosomal subunits نّوكي و يقابلا

...



دحاو ينج اهنإك

ةفلتخلما rRNA لا انيطعي حر يلا

ضعب بنج ينصوصرم ونوكب و راطقلا يز ينلماع ، spacer لا عطق Transcription unit لا ينب لصفي

 مهنيب لصاوفلا انلش
 mature راصف



• Eukaryotic tRNA genes are all transcribed by RNA
polymerase III.

• The primary transcript (pre-tRNA molecules) requires
up to 4 different types of RNA processing steps as
follows:

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

2- 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

Synthesis & Processing of tRNA

كيه ريصي ناشع attachment لاب ريغنب

mature ريصي ناشع modification هلمعن مزلا

 Thymine هدنع يلا ديحولا RNA لا وه tRNA لا هنا انيكح و  /  Thymine ريصب Uracil لا ىلع ليثيم فيضن الم *
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Introns لا ليشنب و  

لزني ام لوا tRNA لا لكش داه
Primary transcript 

 ةدايزلا ةعطقلا صقن حر نوه
’5 لا دنع

modification of some bases لمعنب نوه

 mature لا لكشلا داه و
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Regulation of eukaryotic gene expression

• The levels of eukaryotic gene regulation
include the following:

1-Alteration of gene content.

2- Transcriptional regulation.

3- Post-transcriptional regulation.

During transcription

ةديدج ةرضاحمب شلبن لأه

DNA لا لكشب تانيجلا رثأتتب فيك



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

• The eukaryotic genome may be changed by
the following mechanisms:
Gene amplification:

• It 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.

 نوتسهلا لثم ةجتانلا تانيتوربلا ددع ديزي ناشع تانيجلا ددع ديزنب
DNA لا ينلاوح فلب يلا

مهددع ديزنب يلا تانيجلا ىلع لاثم داه



• 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.

Vitamin B9

لفطلل DNA لا عينصت ىلع دعاسب هنلا لمحلا ةيادبب folic acid لماوحلا ءاسنلا يطعنب *

 هتعات affinity لا نكل و folic acid لا هبشب methotrexate لا
 و dihydrofolate reductase لل amplification لمعي حورب Dihydrofolate لا نم ةرم 1000 ب ىلعا

ريثأت هلا لطبب ينعي methotrexate لا برخب
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One carbon unit carrier 
( carry methyl group)

 one carbon unit يطعب يلا وه

CH3 لياش SAM وه يلا one carbon carrier ناك هاندخا بكرم نامك يف *

 دعاوق 4 لا يدنع نوكي مزلا DNA لا عنصن ناشع
 لا بيجنب و Thymine لا مهنم و ةينيجورتين

Thymine لا نم Uracil 

FH4 ل هعجرب و reduction هلمعب FH2 لا

 فعاضتلا فقو هنلا ةيلخلا ماسقنا طبثH لا هنم دخانب
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Gene diminution:
• It is a rare form of regulation by removing a

gene or genes from the genome e.g. complete
loss of all genes in red blood cells during
development.

• A gene whose expression is only needed at a particular developmental
point or in a particular tissue may be shut off by gene diminution. As
reticulocytes mature into red blood cells all of their genes are lost as
the nucleus is degraded.

حورتب كيه دعب و development لا نم ةنيعم ةرتفب مهجاتحنب تانيجلا ضعب يفف

 لا دنع نكل و تانيج و ةاون اهيف bone marrow لا نم ةياج تناك RBC’s لا
development يش لك اندقف 

 gene amplification لا سكع



2- Transcriptional regulation.

Chromatin remodeling

DNA regulatory regions

Cytosine methylation

Histone acetylation

Basal expression 
elements

Regulated expression 
elemets



Cytosine methylation

• 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.

 methyl group لا فذح و ةفاضا قيرط نع ينجلا لمع مظنب نوه



• Heavy methylation is associated with genes for which
the rate of transcription is low.

• Transcribtionally inactive chromatin is densly packed
(a highly coiled and compact structure) during
interphase as observed by electron microscopic
studies and is referred to as heterochromatin;
transcriptionally active chromatin stains less densely
and is referred to as euchromatin.

• methylation converts the active euchromatin into
inactive heterochromatin and it may result in
transcriptional silencing. Reactivation occurs by
demethylation.

تانيجلل turn off لمع

 ةقماغ قطانم

ةحتاف قطانم

 active هيلخنب و heterochromatin لا نع methyl لا ليشنب مهنيب سكعن اندب اذا
 inactive ريصب و euchromatin لل methyl فيضنب يناثلل سكعلا و

 DNA Sequence لاب ريغن ام نودب انرثأ *



Transcriptionaly inactive 
methylated و 

Transcriptionaly active 
 methyl group اهيف ام و



• Heavy methylation is one of epigenetic
mechanisms that marks a gene for silencing.

• The Greek prefix epi- (ἐπι- "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
to changes in the DNA sequence itself.

Regulation without affecting the sequence of DNAةرواجم ةقطنمب رثأنب



Histone acetylation

• Acetylation at the N-terminal (lysine) reduces
the histone positive charges & decreases the
binding affinity of histones for the negative
charged DNA, which allows the access of the
different transcription factors to act.

• Deacetylation reverses the process.

 negative نوكتب acetyl group لا *

فوشكم ريصب و DNA لا كفنب هنلا gene expression لا ةيلمع لهسنب نوه

هانريغ وا sequence لا انكسم ام هنلا epigenetic هربتعنب نوه

 acetyl group تيطح اذا ، بجوم histone لا *
 ام و هتعات ةيبجولما لقت حر N terminal لا دنع
 طغضا ردقا حر ام يلاتلاب و DNA لاب كسمي حر

فوشكم DNA لا ريصب و ينتاموركلا



DNA regulatory regions

• Each gene can be divided into coding &
regulatory regions, as defined by the
transcription start site.

• In case of class II gene (transcribed by
polymerase II), the coding region contains the
DNA sequence that is transcribed into mRNA,
which is translated into protein.



The regulatory region consists of two classes of 
elements as follows: 

A- Basal expression 
elements

B- Regulated expression 
elements

(cis-acting elements)

ةدوجوم نوكت مزلا لوط ىلع



• Basal expression elements: it contains

proximal element or
TATA box that
directs the RNA
polymerase II to the
correct start site
(+1)

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

ةمظنلما قطانلما نم ربتعت

1+ لا نم ةبيرق اهنلا

ةرم مك initiation لمعن حر ينعي



• Regulated expression elements (cis-acting elements): they
are specific DNA sequences that are present on the same
gene, so termed cis-elements, and are responsible for
regulation of expression & include the following elements:

they interact with
gene regulatory
proteins or trans-
factors (so termed
because they are
produced by other
genes) and
increase the rate of
expression (they
facilitate initiation
of transcription)

they interact with
gene regulatory
proteins or trans-
factors and
decrease the rate
of expression (they
inhibit initiation of
transcription)

They mediate
response to various
signals including
chemicals, metals
and hormones. In
the latter case, it is
termed the
hormone response
elements (HRE)

Enhancers Silencers Other regulatory 
elements

 لا يز
promoter

 gene expression لا ديزتب
 gene expression لا للقتب

ىرخا تانيج نم ةياج

 ينعم نومرهب رثأتتب قطانم ياه
اهللاخ نم ينجلا لمع مظنب و


