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Lehninger Principles of 
Biochemistry 

Chapter 26: 
RNA Processing: capping,splicing; 

collision scenarios; variability in mRNA

Copyright © 2004 by W. H. Freeman & Company 

Chem 431c-Lecture 7a 
Last time: 

1)  Eukaryotic RNA polymerase 

2)  Aspects of Elongation and Termination by RNAP 

3)  Roles of repressor and inducer 

Today: 

Admin: HW-turn in questions for quiz 

1)  View overheads on the above topics 

2)  RNAP and DNAP collision scenario 

3)  Splicing RNA in eukaryotes 

Friday: Quiz ; Midterm#2(Nov 18, Wed, next wk) 
test guide will follow. 

We’ve discussed eukaryotic RNAP. RNAP II is for mRNA. Below is the TATA-binding protein (TBP) hugging 
the DNA strand 

TBP is just the first of many proteins involved. Inhibitors to RNAP II:a) Rifampicin, b)α-amanitin plus 
the ones below: 

Bent DNA dbl-strand 
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Inhibitors to Pol II 

Actinomycin D  is useful for identifying cell 
processes dependent on RNA synthesis 

Rifampicin - inhibits bacterial RNA synthesis 
by bind to the β subunit of RNAP. 

α-amanitin - (from mushroom, Amanita 
phalloides), effective against predators. 
Blocks Pol II and Pol III but not Pol II of its 
own cells! 

Termination in prokaryotes: There are 2 types: 

1) rho(ρ)-independent. This has 2 features:  

 a) sequence of self-complementary 
sequences (form hairpin loops) 

 b) string of AAA residues (in template) 

2) ρ-dependent. Description includes: 

 a) has CA rich sequence:“rut”(ρ-utilization). 

 b) ρ associates with RNA,migrates 5’->3’ 
until termination site. Helicase activity that 
promotes translocation 

Model for ρ-
independent 
termination: 

The hairpin 
loops disrupt 
interaction of 
RNA-DNA or 
RNA-RNAP. 
A=U hybrids 
are unstable, 
leads to 
dissociation 
of RNA 

Termination in eukaryotes: 

-No termination sequences identified 

-imprecise (same gene may give different 3’ ends) 

But imprecision at 3’ end is not so critical since it can 
be removed later at splicing steps 

What about possibility of collision between RNAP 
and DNAP??? 

Rapidly proliferating bacteria: 

DNA synthesis occurs while genes are being 
transcribed.  Collisions unavoidable! 

Bruce Alberts used in vitro systems.  He found: 

a) When both enzymes are moving in SAME 
direction, replication fork  passes the RNAP without 
displacing it. RNAP fully competent to resume 
elongation. 

faster 
What about head-on collision between RNAP and 

DNAP??? 

Here, replisome pauses briefly before moving past 
RNAP. Surprisingly, this causes RNAP to switch its 
template strand.  The growing RNA chain 
dissociates from original template and hybridizes 
with newly synthesized DNA strand of the same 
sequence before RNA elongation resumes. 

3’ 

5’ 

3’ 

5’ 
5’ of RNA 

template 

5’ 

5’ of RNA 

template 
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Head on collisions are disadvantageous because: 

a)  Replication is delayed 

b)  Dissociation of RNA strand from one template 
to another could abort transcription process. 

(It is observed that in prok.and phage genomes, 
the most heavily transcribed genes are oriented 
such that RNAP and DNAP move in same 
direction. Unclear in euk. case where multiple 
origins and longer genes are involved) 

RNA Posttranscript’n processing 
a) 5’-capping, b) splicing, c) 3’-poly A tail,d) base modif’n 

For prokaryotes: Transcription yields the genetic code 
(i.e. mRNA) for translation. 

But for euk., transcription yields just primary transcript 
(i.e. pre-mRNA) not mRNA. Still needs to be spliced. 
Splicing = process by which pre-mRNA modified to remove certain stretches of non-
coding sequences called introns (intervening sequences).Stretches that remain 
include protein-coding sequences called exons.  Sometimes pre-mRNA messages 
are sliced in several different ways, allowing single gene to encode multiple proteins.  
Called alternative splicing. Splicing usually performed by an RNA-protein complex 
called the spliceosome.  Some RNA molecules are also capable of catalyzing their 
own splicing.  

RNA Processing 
Eukaryotic mRNA are 
modified at each end 

At 5’ end:  the “5’ cap”, 
a modified residue. 

Description: 7-methyl 
guanosine with 5’->5’ 
linkage. Protects RNA 
from ribonucleases. 

Binds to cap binding 
proteins and to ribosome. 

CH3 is from SAM 

(S-adenosyl methionine) 

Steps in 
capping 5’ 

end: 

Synthesis of 5’ cap 
by enzymes 
tethered to 

phosphoryl’d CTD 
of RNAP II 
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Both introns and exons are transcribed from DNA 
Exons = coding 
sequences (≤ 1000 
bases long) 

Introns = 
noncoding (50 - 20 
k bases long) 

Groups I and II 
introns are “self-
splicing” 

Transesterification reaction.2 steps. 1st step. nucleophillic attack 
by guanosine molec is shown.(No ATP is required) 

4 Classes of introns: 
Group I introns self splicing 

Classes of introns: Group 1   
There are 4 classes of introns: (“groups”) 

Group I. Self-splicing - no enzymes! No ATP.requires G nucleotide 
cofactor. 3’OH is nucleophile.  
(In nucl., chlplast, mito genes coding for rRNA, mRNA and tRNA) 

Classes 
of 
introns: 
Group I 
Introns  
Self-splicing - no 
enzymes! No ATP 

Some nuclear, mito 
and chlps genes 
coding for mRNA, 
rRNA and tRNA 

Group 2   

There are 4 classes of introns: (“groups”): 

Group II. Self-splicing - no enzymes! No ATP. Internal A-2’OH acts 
as nucleophile. Lariat forming. (no Guanosine requirement) 
(In chlplast and mito genes of fungi, algae and plants coding for rRNA, 
mRNA and tRNA) 

Note: these self-splicing introns act as enzymes and 
are called ribozymes. 

Group II Introns 
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Classes of introns: Group 3   
There are 4 classes of introns: (“groups”):(most 
introns are NOT self-splicing) 

Group III. Spliceosomal introns 
(In nuclear DNA ) 

Use large protein complex called spliceosomes 

-specialized RNA-protein cmplx = snRNPs (small nuclear 
ribonucleoproteins) 

Group III introns  -Have invariant (conserved) GU and AG at 
5’ and 3’ ends respectively 

Group III Introns (spliceosomal introns) 

U1, U2, U4, U5 snRNPs 
are involved 

U1 and U2 (snRPs) bind to 2 ends of intron Splicing and 
Transcription 
seem to be 
coordinated 
(below is a 
proposed 
model) 

Classes of introns: Group 4   

Group IV.   
(In certain tRNAs ) 

Differs from group I and II in that it uses ATP and 
endonuclease.  Ligase-like reaction joins the ends of 
the 2 exons. 

Groups I, II, and IV are found also in bacteria 

3’end structure of Euk. RNA   
Euk RNA transcripts have imprecise 
(heterogeneous) 3’ sequences. But mature Euk 
mRNA’s have well-defined 3’ends. 

3’ end contains: poly A tail (to protect it from 
degradation). 

-near 3’ end site:  5’AAUAAA3’ conserved seq. 

-end is cleaved off and poly A tail is added by 
polyadenylate polymerase (PAP) 80-250 nts long. 
Note: PAP is template independent RNA polymerase that elongates an RNA 
primer with free 3’ OH group 
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Production of mature mRNA   
 process involves: 

(1) Transcription 

(2) Capping and  

     polyadenylation 

(3) Splicing 

Poly A tail is added to 
the 3’ end. 

Enzyme complex = 
cleavage and 
polyadenylation 
specificity factor , 
CPSF; 

PAP = polyadenylate 
polymerase 

n≈ 80-250 in -(AAAA)n 

Role of polyA?  

In bacteria? In euk? 

Processing ovalbumin mRNA: 75% of 1° RNA 

transcript eventually removed   
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2 ways of alternative processing 
of RNA transcripts   

(a) Alternative 
cleavage.  Poly 
A tail is placed at 
2 possible sites.  

2 ways of alternative processing 
of RNA transcripts   

(b) Alternative 
splicing patterns. 

2 different splice 
sites  

Alternative processing example: 
Calcitonin gene transcript   
 Alternative 

processing 
of calcitonin 
gene 
transcript in 
rats 

Calcitonin=small 
polypeptide 
hormone 

Pre-rRNA is also processed 

Bacteria: 

Pre-rRNA is also processed 

Eukaryotes 

“snoRNAs”= 

Small 
nucleolar 
RNAs 

90 S preribosome    (nucleolus) 

(snoRNAs) 

Pre-40S  and pre-60S 

 - - - - - - - - - - - - - - -  - - - -  

40 S    and    60 S 

mature  mRNA 

(in cytoplasm) 

transfer RNA 
 Most cells:  40-50 distinct tRNAs 

- multiple copies of tRNA genes 

- tRNAs are processed from larger 
transcripts by RNase P (endonuclease that 
removes RNA at 5’ end; RNase P contains 
both protein and RNA) 

- Although ribo-protein, it functions even 
without protein, thus: a “catalytic RNA” 
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transfer RNA 
RNA enzymes (or “ribozymes”) 

Most known are: group 1 introns, RNAse P, and 
hammerhead ribozyme 

Utilize transesterification reactions and phosphodiester 
reactions 

As in protein enzymes, 3d structure is impt for ribozymes 


