
 

������ �	��� 
� ���  

  

  

� 
����� ������ ����� �������☺�    

 

�  �� �� !"# $� %�"&� '�()*� +)&–
� -	.     /�

 �01�23 �� +4�56،،،  

  
  
  

  
RNA Structure RNA Structure RNA Structure RNA Structure & & & & synthesissynthesissynthesissynthesis  

  

Team leader :  ل���� 
 

 

 ������ 	
��ه� �� ا
�ا��� �����رة ا��� ه� ���
 وأ �  :وا���� �"!�  �

  أبو يسرا

  عبدالعزيز التركي

Ocean 

Blue eye 

  ☺  وجنودنا ا�هولين
  
  

 

 

BIOCHEMISTRY NOTES         RNA structure & synthesis
 (3rd) 

 ☺* �&(� رآ..   ��
 ا��&%�$ 



 

 

 

 

 

 

 

 :POSTTRANSCRPTIONAL MODIFICATION OF RNA. V  
 

 :A primary transcript 

 
- is a linear copy of a transcriptional unitis a linear copy of a transcriptional unitis a linear copy of a transcriptional unitis a linear copy of a transcriptional unit––––the segment of DNA between the segment of DNA between the segment of DNA between the segment of DNA between 

specific initiation & termination sequences.specific initiation & termination sequences.specific initiation & termination sequences.specific initiation & termination sequences.    
 

 

  
 

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

eukaryoteseukaryoteseukaryoteseukaryotes    prokaryotesprokaryotesprokaryotesprokaryotes      
are post-transcriptionally modified 

by cleavage of the original 

transcripts by ribonucleases  

are post-transcriptionally 

modified by cleavage of the 

original transcripts by 

ribonucleases  

rRNA 

are post-transcriptionally modified 

by cleavage of the original 

transcripts by ribonucleases . tRNAs 

are then further  modified to help 

give each species its unique identity  

are post-transcriptionally 

modified by cleavage of the 

original transcripts by 

ribonucleases . tRNAs are then 

further  modified to help give 

each species its unique identity  

tRNA 

extensively modified  

posttranscriptonally  
generally identical to its primary 

transcript(no posttranscription )  
mRNA 


� دا	�� �

  �������ر

◙ N N N Note : ote : ote : ote :     N.B : eukaryotic cell produce only monocistronic messages . that 

is , each eukaryotic mRNA moleculeencodes just 1 protein (MCQ) 
Doctor said that we have to change 1 protein into 1 polypeptide . )ا����ب �� -.
(     
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:Ribosomal RNA. A 

 

eukaryoteseukaryoteseukaryoteseukaryotes    prokaryotesprokaryotesprokaryotesprokaryotes    
in the nucleolus  in the nucleolus  in the nucleolus  in the nucleolus    in the nucleolus  in the nucleolus  in the nucleolus  in the nucleolus    
are synthesized from long precursor are synthesized from long precursor are synthesized from long precursor are synthesized from long precursor 

molecules called preribosomal RNAsmolecules called preribosomal RNAsmolecules called preribosomal RNAsmolecules called preribosomal RNAs....  
are synthesized from long precursor are synthesized from long precursor are synthesized from long precursor are synthesized from long precursor 

molecules called preribosomal molecules called preribosomal molecules called preribosomal molecules called preribosomal RNAsRNAsRNAsRNAs....  
DNA DNA DNA DNA --------------------> > > > rRNA gene  by rRNA gene  by rRNA gene  by rRNA gene  by ( ( ( ( RNA RNA RNA RNA 

polymerase polymerase polymerase polymerase 1111 )  )  )  ) --------------------> > > > pre rRNA by pre rRNA by pre rRNA by pre rRNA by     

    (    (    (    (riboncleases riboncleases riboncleases riboncleases ) ) ) ) ----------------> > > > intermediate intermediate intermediate intermediate ––––

sized piece of rRNA by sized piece of rRNA by sized piece of rRNA by sized piece of rRNA by ((((trimmed trimmed trimmed trimmed ))))    

                --------------------> > > > rRNA species rRNA species rRNA species rRNA species .   .   .   .        
  

DNA DNA DNA DNA --------------------> > > > rRNA gene  by rRNA gene  by rRNA gene  by rRNA gene  by ( ( ( ( RNA RNA RNA RNA 

polymerase polymerase polymerase polymerase 1111 )  )  )  ) --------------------> > > > pre rRNA by pre rRNA by pre rRNA by pre rRNA by     

    (    (    (    (ribonclribonclribonclriboncleases eases eases eases ) ) ) ) ----------------> > > > intermediate intermediate intermediate intermediate ––––

sized piece of rRNA by sized piece of rRNA by sized piece of rRNA by sized piece of rRNA by ((((trimmed trimmed trimmed trimmed ))))    

                --------------------> > > > rRNA species rRNA species rRNA species rRNA species .   .   .   .        
  

28282828SSSS,,,,18181818S S S S & & & & 5555....8888S rRNAs of eukaryotes S rRNAs of eukaryotes S rRNAs of eukaryotes S rRNAs of eukaryotes 

 RNA  RNA  RNA  RNA singlesinglesinglesingleare produced from a are produced from a are produced from a are produced from a 

precursor moleculeprecursor moleculeprecursor moleculeprecursor molecule  

The The The The 23232323SSSS,,,,16161616S S S S & & & & 5555S  ribosomal RNAs of S  ribosomal RNAs of S  ribosomal RNAs of S  ribosomal RNAs of 

prokaryotes are produced from a prokaryotes are produced from a prokaryotes are produced from a prokaryotes are produced from a 

A precursor moleculeA precursor moleculeA precursor moleculeA precursor molecule RN RN RN RNsinglesinglesinglesingle  
Other notes Other notes Other notes Other notes :::: ( ( ( (MCQMCQMCQMCQ))))    

Eukaryotes Eukaryotes Eukaryotes Eukaryotes 5555S rRNA is synthesized by S rRNA is synthesized by S rRNA is synthesized by S rRNA is synthesized by 

RNA polymerase RNA polymerase RNA polymerase RNA polymerase ΙΙΙ((((not not not not 1111    like otherslike otherslike otherslike others))))    

 &  &  &  & modified separatelymodified separatelymodified separatelymodified separately    

 Other notes  Other notes  Other notes  Other notes :::: ( ( ( (MCQMCQMCQMCQ))))    

some of the protein destined to some of the protein destined to some of the protein destined to some of the protein destined to 

become components of the ribosome become components of the ribosome become components of the ribosome become components of the ribosome 

associate with rRNA precursorassociate with rRNA precursorassociate with rRNA precursorassociate with rRNA precursor prior to  prior to  prior to  prior to 

& & & & during its posttranscriptional during its posttranscriptional during its posttranscriptional during its posttranscriptional 

modification in the nucleolusmodification in the nucleolusmodification in the nucleolusmodification in the nucleolus    
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)exactly like what the doctor said   ( :Transfer RNA. B 
  

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

  

 

 

 

 

 

  

◙            Both eukaryotic & prokaryotic transfer RNAs are also made from 

longer precursor molecules that must be modified . 
  

by anticodon loop anticodon loop anticodon loop anticodon loop must be removed from the nucleotide  intron nucleotide  intron nucleotide  intron nucleotide  intron ----    14141414        ◙
of the molecule must be  ends -'3&-'5sequences at both , &  splicingsplicingsplicingsplicing

terminated . 

 

◙            16161616    –––– nucleotide sequence at the  nucleotide sequence at the  nucleotide sequence at the  nucleotide sequence at the 5'    ––––end is cleaved by RNaseend is cleaved by RNaseend is cleaved by RNaseend is cleaved by RNase P P P P . . . .    

    

◙            Other posttranscriptional modifications include replacement of uracil 

-'3 to the )nucleotidyltransferase(CCA sequence by –addition of aby 

terminal end of tRNA ( ( ( (found on all mature tRNAfound on all mature tRNAfound on all mature tRNAfound on all mature tRNA))))     . ( . ( . ( . (MCQMCQMCQMCQ)()()()(always always always always 

come in final  exams come in final  exams come in final  exams come in final  exams ))))    

    

modification of bases at a specific positions to produce "unusual basesunusual basesunusual basesunusual bases".  ◙    
 then  then  then  then   
       e       e       e       e....g g g g : : : : dihydrouracil dihydrouracil dihydrouracil dihydrouracil ....    
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 : Eukaryotic messenger RNAEukaryotic messenger RNAEukaryotic messenger RNAEukaryotic messenger RNA. . . . CCCC  

 

• The RNA molecule synthesized by RNA polymerase II        (primary transc(primary transc(primary transc(primary transcript)ript)ript)ript)    

((((Not polymerase Not polymerase Not polymerase Not polymerase 1111 always come in exam so RNA polymerase  always come in exam so RNA polymerase  always come in exam so RNA polymerase  always come in exam so RNA polymerase 1111 we find it we find it we find it we find it 

In rRNA )In rRNA )In rRNA )In rRNA ) (MCQ) 

•     contain the sequences that are found in cytosolic mRNA . 

 

• The collection of all the precursor molecules for mRNA is known 

heterogeneous nuclear  RNA (hnRNA) .  

 

• The primary transcript are extensively modified in the nucleus after 

transcription , these modifications include : 
 

: : : : “capping”“capping”“capping”“capping”'  '  '  '  5555. . . . 1111        
    

- This is the first processing reactions for hnRNA . 

 

� The cap is 7-methyl-guanosine attached backwardbackwardbackwardbackward(MCQ) to the terminal 

end of the mRNA forming an unusual 5' � 5'  triphosphate linkage .  

 

� The addition of the guanosine triphosphate part of the cap is catalyzed by 

the nuclearnuclearnuclearnuclear guanylyltransferase  (note not cytoplasmis its nuclear )  .  

 

� Methylation of terminal guanine is catalyzed by the cytosolic guanine -7-
methyltransferase (note not nuclear its cytoplasmic ) 

�  , methyl donor is SAM (S-adenosylmethionie) .  

 

√ Additional methylation steps may occur . 

 

� Functions of the 7-methyl-guanosine cap are : 

 

a. Initiation of translation (eukaryotic mRNAs lacking the cap are 

not efficiently translated) .  

b. Stabilizing mRNA . 

 

Are you still confusing turn the page to see how we change the �   
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A tailA tailA tailA tail----Addition of a polyAddition of a polyAddition of a polyAddition of a poly. . . . 2222    
 

- Most eukaryotic mRNAs have a chain of 40-200 adenineadenineadenineadenine (MCQ) 

nucleotides attatched to the 3'-end (poly-A tail) .  (MCQ) 

 
� Note that mRNAs those coding for the histones & some interferons 

doesn’t have poly-A tail.  (T) (always come in final exams ) 

 

� The polypolypolypoly----A tail is not transcribed from DNAA tail is not transcribed from DNAA tail is not transcribed from DNAA tail is not transcribed from DNA   ه� �اااااااام , but is added after 
transcription by nuclearnuclearnuclearnuclear polyadenylate polymerase polyadenylate polymerase polyadenylate polymerase polyadenylate polymerase . 

 

� A consensus sequence called the polyadenylation signal sequence (AAUAAA) 

found near the 3'-end of the RNA molecule , signal the adding of poly-A tail 

to the mRNA . 

 

� Functions of  poly-A tail : 

a. Stabilizing mRNA . 

b. Facilitate the exit of mRNA from the nucleus to the cytosol . 

 

� After mRNA enters the cytosol , the poly-A tail is gradually shortened . 
 

 

So, 

According to     5555'  '  '  '  “capping”“capping”“capping”“capping”::::  (   (   (   ( ����        ---------------- >   >   >   >  ☺☺☺☺  )  (  )  (  )  (  )  (MCQMCQMCQMCQ))))        
   

CapCapCapCap : 7-methyl-guanosine .  

 

BondBondBondBond : unusual 5' � 5'  triphosphate linkage .  

 

SiteSiteSiteSite : nucleus & cytosol . 

 

 . ansferaseguanylyltr nuclearnuclearnuclearnuclear -1 :       EnzymesEnzymesEnzymesEnzymes 

,methyltransferase -7-guanine  cytosoliccytosoliccytosoliccytosolic -2                      

                    3 -  methyl donor is SAM (S-adenosylmethionie) .  

 

FunctionsFunctionsFunctionsFunctions :   

 

a. Initiation of translation (eukaryotic mRNAs lacking the cap are not 

efficiently translated). 

b. Stabilizing mRNA .  
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So, 

According to     polypolypolypoly----A tailA tailA tailA tail: : : :   (   (   (   ( ����        -------------------- >   >   >   >  ☺☺☺☺  )    )    )    )      
   

◘ Nature Nature Nature Nature  : a chain of 40-200 adenine nucleotides attatched to the 3'-end of mRNA.  
    

      Remember : 

- Not found in mRNAs of the histones & some interferons ☺ .  

- is not transcribed from DNA , but is added after transcription .   
 

◘ SiteSiteSiteSite : nucleus & cytosol . 

 

◘ EEEEnzymenzymenzymenzyme of addingof addingof addingof adding :  nuclear polyadenylate polymerase (MCQ)(not cytoplasm ) . 

 

◘ signal of adding signal of adding signal of adding signal of adding : polyadenylation signal sequence (AAUAAA) found near the 3'-

end of the RNA molecule . (MCQ) (MCQ) (MCQ) (MCQ)    

 

◘ FunctionsFunctionsFunctionsFunctions :   

a. Stabilizing mRNA . 

b. Facilitate the exit of mRNA from the nucleus to the cytosol . 

 

Don’t forget :After mRNA enters the cytosol , the poly-A tail is gradually shortened ☺ . 
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: Removal of introns.3 
  
  
  
  
  
  
 

  
  
  

exonexonexonexon    IntronIntronIntronIntron    
Sequence coding protein -   - Sequence not coding for 

protein(MCQ) 

 

- No , few or many . 

-some contain more than 50% intervening sequences( 

such as the primary transcripts for the α-chains of 

collagen) that must be removed before mature mRNA is 

ready for translation 

  

  
   

):snRNAs (role of small nuclear RNAs . a 

  

- ( snRNPs or " snurps " ) = snRNAs + proteins . (MCQ) 

- spliceosome = snRNPs + primary transcripts .  (MCQ) 

- Function : these facilities the splicing of exon segments by foming base pair 

with the consensus sequences at each end of the intron . 
 

  

 
 

  

  

 
  

 

  

◙                In the maturation of EUARYOTIC mRNA … usually RNA sequences are  … usually RNA sequences are  … usually RNA sequences are  … usually RNA sequences are 

) ) ) ) introns or intervening sequencesintrons or intervening sequencesintrons or intervening sequencesintrons or intervening sequences ( ( ( ())))MCQMCQMCQMCQ((((don’t code for proteindon’t code for proteindon’t code for proteindon’t code for protein((((removed removed removed removed 

)))) from the primary transcripts from the primary transcripts from the primary transcripts from the primary transcripts    
    
◙    The remaining coding sequence The remaining coding sequence The remaining coding sequence The remaining coding sequence ((((exon exon exon exon ) ) ) ) are spliced together to form the are spliced together to form the are spliced together to form the are spliced together to form the 

mature mmature mmature mmature mRNARNARNARNA    

....))))MCQMCQMCQMCQ(((( So mature mRNA is smaller than primary transcripts  So mature mRNA is smaller than primary transcripts  So mature mRNA is smaller than primary transcripts  So mature mRNA is smaller than primary transcripts     ◙    

))))MCQMCQMCQMCQ(((() ) ) ) spliceosomespliceosomespliceosomespliceosome((((    This process is accomplished byThis process is accomplished byThis process is accomplished byThis process is accomplished by        ◙    
    

◙ N N N Note :ote :ote :ote : Removal of intron is an energy dependent mechanism . Removal of intron is an energy dependent mechanism . Removal of intron is an energy dependent mechanism . Removal of intron is an energy dependent mechanism .        
 ه�ااام

◙    systemic lupus erythematosus systemic lupus erythematosus systemic lupus erythematosus systemic lupus erythematosus :::: ( ( ( (MCQMCQMCQMCQ))))    
                                            ----        Fatal inflammatory disease Fatal inflammatory disease Fatal inflammatory disease Fatal inflammatory disease   

                                            ----  autoimmune response   autoimmune response   autoimmune response   autoimmune response ....    

                                            ----        antibodies against host protein including snRNPsantibodies against host protein including snRNPsantibodies against host protein including snRNPsantibodies against host protein including snRNPs    
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):snRNAs (role of small nuclear RNAs . a 
 

- ( snRNPs or " snurps " ) = snRNAs + proteins . (MCQ) 

- spliceosome = snRNPs + primary transcripts .  (MCQ) 

- Function : these facilities the splicing of exon segments by foming 

base pair with the consensus sequences at each end of the intron . 
 

  

 
 

  

  

 
 

 

 :Mechanism of excision of introns . b 

  
  ،،،دا7!� �� ی-ت� ن�ع ا��ا�.2 وا��&$اد ا��ا�  

  
  
  
  
  
  
  
  
  
 
 

 

 

 

 

 

 

 

 

 

 

. binding of snRNPs -1  
    Function ::::        brings the sequences of the neighboring exons into the 

correct alignment for splicing . 
  

 as the branch known(  residue ))))AAAA((((OH group of an adenosine OH group of an adenosine OH group of an adenosine OH group of an adenosine ----''''2222The The The The         ----2222

site ) 

 

- FFFFunctionunctionunctionunction : for intron attacks (IMP)(always come in exams ) . 

- Type of bondType of bondType of bondType of bond : forms a phosphodiester bond with the phosphate at 

the 5'-end of intron 1 . 

Note :  the GU & AG sequences at the branch site are invariant 

            
3333----    The newly freed 3'- OH of the upstream exon 1 then forms a 

phosphodiester bond with the 5'-end of the downstream exon 2 . . . .    

    

which is  , structurestructurestructurestructure" " " " lariatlariatlariatlariat""""The excised intron is released as a     ----4444

degraded.     
                                                                                                             

◙     After removal of all introns, the mature mRNA molecules leave the 

nucleus  by passing into the cytosol through pores in the nuclear membrane.   
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◙ N N N Note :ote :ote :ote : Removal of intron is an energy dependent mechanism . Removal of intron is an energy dependent mechanism . Removal of intron is an energy dependent mechanism . Removal of intron is an energy dependent mechanism .        
 ه�ااام

◙    systemic lupus erythematosus systemic lupus erythematosus systemic lupus erythematosus systemic lupus erythematosus :::: ( ( ( (MCQMCQMCQMCQ))))    
                                            ----        Fatal inflammatory disease Fatal inflammatory disease Fatal inflammatory disease Fatal inflammatory disease   

                                            ----  autoimmune response   autoimmune response   autoimmune response   autoimmune response ....    

                                            ----        antibodies against host protein including snRNPsantibodies against host protein including snRNPsantibodies against host protein including snRNPsantibodies against host protein including snRNPs    
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C .  effect of splice site mutation :- 

 

*  mutation at splices site can lead to :*  mutation at splices site can lead to :*  mutation at splices site can lead to :*  mutation at splices site can lead to :    

  

 - improper splicing  

 - production of aberrant proteins 

* 15% of genetic desease result from mutation affect RNA splicing  

* EX :  β thalassemia : thalassemia : thalassemia : thalassemia : ( you will have a question on it ) 

- from mutation affect the splicing of RNA  
- disease in which the production of the β-globin protien is 

defective   

*Alternative splicing of mRNA: 

 

 

 

 

 

 

  
  
  
  
  
  

  
  
  

◙            the pre-mRNA molecules from some genes can be spliced in two two two two 
or moreor moreor moreor more alternative pathway→ produce multiple variation of the 

mRNA and therefore of its protein product 

◙  this mechanism for producing a divers sets 

of protein from limited set of genes (I see it 

in all exams ) 

e.g. different type of muscle cell all produce the same primary 
transcript from tropomyosin  gene 

however different patterns of   splicing in the different cell types 

produce a family of tissue –specific  tropomyosin  protein 

molecules           
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