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Termination in eukaryotes:
• Leads to the dissociation of the complete
transcript and the release of RNA polymerase
from the template DNA. The process differs for
each of the three RNA polymerases.

• As Pol II reaches the end of a gene, two protein
complexes carried by the CTD (carboxy terminal
domain), CPSF (cleavage and polyadenylation
specificity factor) and CSTF (cleavage stimulation
factor), recognize the poly-A signal
(polyadenylation signal sequence AAUAAA) in the
transcribed RNA.

• The sequences that, once transcribed into RNA, trigger transfer of these
factors to the RNA are called poly-A signals
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yA V|?R?@A xM?aO tail ا}dT CTD yAX� x@?RT àHوhM�R?@�R� ا�� CPSF لو
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• Poly-A-bound CPSF and CSTF recruit other
proteins to carry out RNA cleavage and then
polyadenylation. Poly-A polymerase adds
approximately 200 adenines to the cleaved 3’ end
of the RNA without a template. The long poly-A
tail is unique to transcripts made by Pol II.

• The RNA molecule made by RNA pol II is called a
primary transcript, which needs extensive RNA
processing in order to produce a mature mRNA
for translation & protein synthesis.
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 MٮhM�R?@AوàH نdA¢ ودVK ha?@AوmRNA ( àH لا ع 
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@
fR 

capوe
@

fR tail اوt@T t@�v?RO لا introns وh@µH \exons ¹̧ baº لا ق@
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 Processing of mRNA
 Synthesis & Processing of ribosomal RNA (rRNA)

 Synthesis & Processing of tRNA

By
Dr. Walaa El Gazzar

@HÄa¹ r̀@ حر 
ZzQR C� لا modifications و©@ª @kRl \Ã�� baºا @

@
 Mٮ�Å_>KyAا 

Ã�Æ�primary$transcripted$RNA ®aEh@A t@�v لا V?@A C?@Aا 
Kڡ@ XvK حر b@_@�RH x@?RT
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Processing of mRNA 
(Post transcription modifications) 

A. 5\-Capping :
 The RNA is capped as soon as it emerges from the

RNA-exit channel of polymerase. This happens when
the transcription cycle has progressed only as far as
the transition from the initiation to elongation
phases.

 The cap is a 7- methylguanosine triphosphate
attached to the 5\– terminal end of the mRNA (which
terminates at a triphosphate group).

 One of the terminal phosphate groups is removed
by RNA triphosphatase, leaving a bisphosphate group
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• GTP is added to the terminal bisphosphate
by mRNA guanylyltransferase, losing
a pyrophosphate from the GTP substrate in
the process. This results in the unusual 5\to 5\
triphosphate linkage.

S?R� و لواÍEه x@
ÎR�A hM�@?M�R� x@

KÏ� @AٮM ®aEىR ا=@kRl@ لا cap اNPQR SKه C?aAهر C� GTP VaAhRÎa�� ا@̀H@ÑR� ا}dT guanylytransferase اN?@?RKÒ>?RKhMDREٮاM e
@
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Methylation of this terminal guanine is
catalyzed by guanine-7-methyltransferase.

 S adenosylmethionine, SAM, ( active
methionine) is the source of methyl group.
Methylation of N-7 of guanine of the GTP
cap occurs in the nucleus.

 In the cytoplasm, methylation may occur at
2\ OH of ribose of some nucleotides, and at
N-6 of adenine of some nucleotides
(secondary methylations)

C�vAا نIÉ لا cap CD@E 5‘  لا e
@
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fR Xv>×M 2phosphate 
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 ÛÜEرSA y� وhR� ؟ 

@r حر
Za?RÎa�A y� Amino$acid ا}dT SAM وSKاد هÑRdA

ً
 ÛÜEر NO methyl$

group ا @ڡ}dT active$methionine S?R� ¥d>?@A لا cap
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e@fR ا
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@

fR C?@A ا}dT secondary$methylation$
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@
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@
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 MٮاN?@?RKÒ>?RKhMDREا 
@hMANPQR xاN?@?RKÒ>?RKhMDREا �y ء@GaH نdA¢و

ÎR�� Adenine$base 
haà@cd>��� methylation CD@E N7

ta� ����ا methylation yA ©aª�RH لا �y عN?@Kا دt@T SAا h@?MAáE م@ر haAل Cytoplasm ��t@T ا@̀H@ÑRdAtMT S?@Aك yKVaKهد

Q: NK اVaAh@A RNA$transcript وÒAن CD@E Carbon2 لا OH 
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ٔ
�ç و M?R×M لا N7 hMAC×M لا adenine 

C>ÎR�A methylاوt@�A
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@
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Importance of capping:
• It protects the 5\ end of the mRNA from 5\
exonuclease enzyme.

• It helps its recognition by the ribosome.
• It helps the initiation of protein synthesis.
• Eukaryotic mRNA lacking the cap are not
efficiently translated.

• Helps transport of mRNA to the cytoplasm.

N?RT لوا yA لا RNA ©RJ¹̂ y� لا channel haY@
ÈJ>T cap$؟$

�MÁا @� M?@A اt@T ىاR strand ha|Kن single ha?@|Kن V@A�R� @�R� C>?RT y� 
èEnucleuses x@àacd>T maskingا

 cap لا
ra¿ÙQR y� 5 لاprime$exonuclease$

 MٮhM�R?@Aوtail haAN�aH لا @ڡ t@T C?@A 3prime$exonucleaseا tail لV|?R?@A haAو
 NPQR x@?RTا

haYM
¿d?RT y� لا nucleases hMACK3 لا نprime

ÒO ا@̀H@ÑR� اNT specific$site ha�M�vàM_ @
O وha?M|éHCD@Eه e

@
fR ا@̀H@ÑRdAٮM CD@E 
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Kا®ٔE اN?MAh@?RT NO cap C@�RH ا

°¿dAtRT  

haANDaEاtRT ta�Aلا ع RNA اt@T ©RJ¹̂ y� nucleus NO cytoplasm$

ta�A¤E e م@ر�N�?R?MKhaÆا ع ta� ©RJ¹̂و
@

fR اt@T hRàMêHڡ@ C>?RT اgHاhR?aKXKو مhRDaEا
ٔ

 ¥d>?RTM لا 

translation$

!" &5 '4 %123ا mRNA لا +&*ا '&$%$#
6%78 cap <=>$%+# لا translation F#GHI6#78 حر '4 '4ا F#L#

"FH'1Q نFH$#NO '4 وا 8 +TUV>O*Hا #هء'&
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B.Addition of poly(A) tail:
 The final RNA processing event, polyadenylation of the 3\ end of the

mRNA, is intimately linked with the termination of transcription

 It is the addition of poly- A tail at the 3\ end of mRNA (100-
200 A bases).

 This poly–A tail is not transcribed from DNA but added after
transcription by the enzyme polyadenylate polymerase using
ATP as a substrate.

 This occurs after the mRNA is cleaved 15-20 nucleotides
downstream from the AAUAAA recognition sequence.

 The poly–A tail immediately binds several copies of a poly
(A) binding proteins that protect mRNA against 3\
exonuclease.

tail 4'W لا
&

X% اYZ
3% [H\]%\ *H^ _`&a &b%c & dZO*%+# eI>O4'ٮ# *Hg%̀V+

&hا
i اYZ

3% T=' FH6&j3%  FHklW
#

X% لا terminationnsignaln
AAUAAA لا ع DNA FH$&sH\ا

ٔ
 u&v=w cleavage 4y 

 لا ع هدT=O_HOا #ٮ'&$%�#Fو1�Hiا '�%�\�uHو \%F&$%O~>$%OF#s ٢٠ لا ١٥
tail حر *#g'�\�

&
X% ا�� polynAntail �y �i*%� 

polyadenylatenpolymerase لا ر\��و A 
4y لا ATP ڡ& �H�'لا +1'��ا %ى ATP 4O ��\ر\�� +#5'� ر 
�gZ'ا ن<=w لا tail
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Importance of poly-A tail:
• It stabilizes the mRNA & protects it from
exonucleases enzymes. The length of poly (A)
tail determines the half life time of mRNA.

• Increases the efficiency of translation.
• It facilitate their exit from the nucleus .After
the mRNA enters the cytosol, the poly-A tail is
gradually shortened.

 +&*ا \�'cap FH�#g لا +%$=�ا +tail �$%+ dZ$H لا  #+%$=�ا
�%V�� لا mRNA 4y لا nucleus *H��O1+ 
& �Hiو

O *Hg'� %123ا +�'#F%$#O_H+ ¡¢ 1w target F +&*ا \
�Oا ه£iاF%$HOdOو مF#L#

 translation لا +%$<=> 8
FHQ" #هء'&

uHv=w ¥='ا نYZ
 stabilization 1w لا ه�O %123ا 3%

mRNA ¨b%c& u%I©&
؟ 3%

_N$%$&' لا +&*ا tail �O1+ «H¬\لا د Halfnlifen
time F#'لا ع mRNA ~=̄' ~'ا ن�Oلا د'� ل 

tail ~=̄' لا mRNA °#�\ ̈�ا#i FH'1g$%$#OFHklم&ر 
4y �&�%i 4' F%$#N±i د'�و �H² &

=y لا +&*ا 
translation F%L#

#F%Lو ¢¡ 8
8 1>6&�'*%+

~w 4' °#�\ لا mRNA FH'1g$%$#O FHkl̈�ا م&ر#i لا polyntail FH$H>^Z ³%´ #µi وFH'1$#'¶X% FH$H>^Z لا mRNA F%$#N±i ا د'�وT·¸ &
iصو

&
 �%a�%i uH�\ 4w F%NOن _&º»  'ر translationn

�gZ'ا ن¼&
=y لا mRNA �%a &

w �Oلا #+%$<=> ل translation وF%NOن functional ½lم&ر F%NOن �s&\ه cap و tail و]H\نو introns

�$%¾ FHNO�² ن &
=Oا ن½l ا #ٮر'  ا&دا�&V'ء W

&
X% <=>$%+# لا translationn
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C. Removal of introns and splicing of exons :

It means excision of introns and joining the
ends of exons to leave only the functional
mRNA molecule.

This process occurs in the nucleus by the help
of the small nuclear ribonucleoproteins
(snRNP, or snurps) which are composed of
small nuclear RNA (snRNA) and proteins.

�$%¾ _&ºa$&' 4y لا cap لاو tail و &'F%w �$&' ا*&+ *&gZ$%w لا 
introns وF&¿i «exons e� uHÂ لا ق&

&

�gZ'ن F&�&
Ã#

¢ H functionalnmRNA

Ä78 �'ا %ىاÅv=>$%+ 5 %123او#$HÆ�' 4y cap و tail FH`#a�%i FH'ل 
nucleus _©#

3 �&² &
=y ا*&+ �%V�� لا mRNA لا ع 

cytoplasm_H'Çi&

4È%y حر u%v=w �'ا %ىÅv=>$%+ ؟

�HiوF#�%$&'4 #ٮ'd¾ 5&
6%�' RNA ىا% *&O4 ع$&+ 

$$$RNA$pol$2+3 V|?R?@A C?@T xM?aO اt@T ©aªà@ë�� $$Small$nuclear$RNA
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• Snurps acting on mRNA are called
spliceosomes . This is an example of catalytic
RNAs or RNA enzymes, which are termed
ribozymes.

• The sequence of bases at the exon-intron
junction determines the site of splicing.

&&° --Small nuclear RNA + protiens

(Enzymes)
I

↓

SRNP
I= Snurps

Spliceosomes
ribozymesT

-I Catalytic RNA

· e
RNAEnzymes

N

? bes, , introns i Snurps 11-8 :95, - A⑰⑰⑰. . . ·Sequence & junction is./ INTRONSS, EXONSII 3.

1, Sequences 1 I

exon slintron s? I it s
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One type of β thalassemia appears to result
from nucleotide change at the exon-intron
junction leading to failure to remove intrones,
reducing the synthesis of the β globin chain.

Patients with systemic lupus erythematosis
(SLE) produce antibodies against snRNP.

Histone mRNAs (replication-dependent
histones that are expressed during the S-
phase of the cell cycle) do not contain introns.

F#'FZ�%i <=>$%+ لا splicingn

✂🩹

W&X% *&O4 عy ا*&O1ا عا$#kldL%=$%' اÉ=+ Bnthalassemia !" #
O لا +&*ا 

mRNA 123ا% �HV�� 4y لا Betangene  �s&\4 هgZ~>+ u#I &$%�%i 
W #ٮا\%O~>$%OF#s%$&$1ا

&
X% لا junction *HÈ%y لا introns لاو exons FH'1$#'¶X% 

Í#³ حر 'snurps 4 لا ´#³ ر\# F#¿iو «#  ¾%$� introns لا gZ$%w&* حر '4 &ڡ ق&
Í#³ حر 'nonnfunctionalnmRNAnmolecule 4 ر'   u#v=w ر\#

translation و�#V�� betanchains )لا betanpolyn
peptide( 123ا% FH'Ð�L %=O�&>O*HÈ%y FH'1$#'¶X% 4gZ~>+ FH'Ð�L %=O�&>O*HÈ%y

YZا لوا
3% ]H\F&' u&Ñi1ا +&*ا &ڡ$#kldL%=$%' �Oه _&>w «H�&klF%' 

Ð�Lا( م\Òا %=O�&>O*HÈ%y و_&klF%' اÒ\ا م
�ÓÔiءا (

Ð�Lا %=O�&>O*HÈ%y  4NO4 نy 4chainsn
n2betan+2alfa �gZ'ن F%`#aG&� ¡¢ ½lا م&ر��HÈ%y F#'لا ع betanchain 
"%b& ا �V�� mRNA Ùi&�H%� ن'sequence 5&$%+ ¡¢  �gZ لا &>+ cap 

"!Ú\&1¾ 1klو introns لا +<%$dZاو tailو &' �gZ'ن �%V�� �s&\ى% 
�L %=O�&>O*HÈ%y d>L %8 

👍

*#O
 &

Ã%Û78 FH'1gkl]%\ ا��H'ى%
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�$&' Ùiص
&

É=+ systemicnlupusnerythematosis(SLE)nا 
صTÔiا د'�

&
 4$&'ß3% 

*%àá3 FH'Ò\&Fٔ$H+# ا
�ÓÔiءا FHNOن W

&
X% ا

��Hà8 antibodies FH$#'
âÓ H8 ̈�ا#i 4y hHi&ء 

FH'
�� Hà8 ڡ& �Oه multinsystemsn

"³H %123ا &±i 1$%+ �Oه �H�'ãH8 ̈�ا#i 4y hHi&ا +&*ا ءTÔi�%»
&

 FHNOن �s&\ه antibodies ä&\ لا 
snurps eI$&'�' ىا% mRNA �HaG&å�' W

&
X% ا_Hg'م �a  Hح'#$&Fا ع F#'�Ziو '�ãHæ'�#� حر #هد'&

W #ٮ'&$%�#Fو1�Hiا
&

X% اça ا ء'&
��Hà8

ç� M?R?@A ¢dAا نt@T لا Histon$mRNA$$

N$%$&' �$&+ W_ %123ا(
&

X% لا DNAnnucleosome W
&

X% لا organization حرو u&Ñiا +&*ا &ڡÐ78 ن'=¥ رود W
&

X% لا 
regulationnofngenenexpression (�Ha�%iÐ78 expressionاFZ$&'لا ء  Snphase 4y لا cellncycle 

½l*&+ لا DNAnreplication �Ha�%i �H�'لا د phase لاو DNA 4' FH$&èc& ا½l ع �g$#Oن Ð�$%¾ É=$%$#+  
Replicationndependent ا د'�وÉ8 F#'�

&
X% 1ا+

!" #» histonnmRNA لا +&*ا '&$%$#
¬\F%s%\ا

ً
   DNAnreplicationnandnorganization ل'H\_&>O FH[ %123ا 

4' 5&
6%78 introns u%I©&

&�HV�� FHÃ '4 لوا )نÐ�g$#Oا( È%y#*و1�Hiا د'�mRNA Ð لا 3%
êV>+ cap و tail وuH�\F%y 

translation çVO4 ل' W
&

X% splicing و�$%¾ ë&
iF&' �&VOه eìÍ íî&`4 د'�و ه\# #

&ëوا %ى\Snphase ]H لا لkl&_ +&*ا 3%
i 

&F#'hا ð# 4' �Ha�%i#5و '�Ðا +<_TÔiا %ى'� +&*l½ دïÛH�Oو ء'V&�ا
i 

��اt@Kا عاN?MAh@?RT y� اÃ��?MKن CD@Ew� 

introns Ã�?R� اh@�M
Îa�K اt@T ta� SAا دN?@Kع yA 

CD@Eه
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Two advantages are suggested for having
protein- coding genes organized as exons &
introns:

1- Alternative splicing may lead to the
formation of different types or new types of
mRNA molecules or proteins.

2- Also this will decreases the possibility of
effective mutations ,(that result in protein
abnormalities or disease), if it occurs at the
regions of introns.
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• Alternative splicing, or differential splicing, is a
regulated process during gene expression that
results in a single gene coding for
multiple proteins.

• In this process, particular exons of a gene may be
included within or excluded from the final,
processed messenger RNA (mRNA) produced
from that gene.

• Notably, alternative splicing allows the human
genome to direct the synthesis of many more
proteins than would be expected from its 20,000
protein-coding genes.
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