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Lecture 4 mRNA splicing and 
protein synthesis

Another day in the life of a gene.

Adding a 5’ cap

Pre-mRNA has introns The splicing complex recognizes 
semiconserved sequences

Introns are removed by a process 
called splicing

Splicing includes multiple 
proteins and small nuclear RNAs

called snRNAs

How snRNAs work.  Here two snRNAs  are shown forming partial hybrids with a pre-
mRNA.  U1 is forming a hybrid at the junction of the 5’ exon and U2 is forming a partial
hybrid with a sequence near the 3’ exon.
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Complexity of genes

• Splicing in some genes seems 
straightforward such as globin

For other genes splicing is much 
more complex

• Fibrillin is a protein that is part of 
connective tissue.  Mutations in it 
are associated with Marfan
Syndrome (long limbs, crowned 
teeth elastic joints, heart problems 
and spinal column deformities.  
The protein is 3500 aa, and the 
gene is 110 kb long made up of 65 
introns.

• Titin has 175 introns.
• With these large complex genes it 

is difficult to identify all of the 
exons and introns.

Alternative RNA splicing

• Shortly after the discovery of splicing came 
the realization that the exons in some genes 
were not utilized in the same way in every 
cell or stage of development.  In other 
words exons could be skipped or added.  
This means that variations of a protein 
(called isoforms) can be produced from the 
same gene.
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α-tropomyosin pre-mRNA

Alternative splicing of a tropomyosin

There are 3 forms of polypyrimiding tract binding protein (PTB) PTB1, PTB2 and PTB4. 
Binding of PTB4 to the polypyrimidine suppresses splicing while binding of PTB1 

promotes splicing.    In smooth muscle exon 3 of a-tropomyosin is not present.  Thus, 
PTB4 is expressed in smooth muscle while PTB1 is not.
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Gene Expression II

Translation of the mRNA into protein

Show movie

How does DNA function as a 
code for protein synthesis?

• The experiments of Charles Yanofsky and 
Syndey Brenner demonstrated that the 
sequential arrangement of nucleotides along 
a gene code for a sequential arrangement of 
amino acids in its encoded protein.

• The code in DNA (and ultimately mRNA is 
read in triplets).

• The code is degenerate.

Yanofsky precisely mapped the positions 
of a series of mutations in the TrpA gene

trpA-1

trpA-2

trpA-1

trpA-3

trpA-2

trpA-1

trpA-3

trpA-1

Low recombination frequencies show that
theses mutations are closely linked

High  recombination frequencies show
that these are far apart

trpA gene

Mutations in the trpA gene
correspond to mutations in protein

trpA protein
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Discovery of the genetic code
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Cell extract Incubate 
reaction
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CACACACACACACACACACA

CCCCCCCCCCCCCCCCCC Pro-Pro-Pro-Pro-Pro

His-Thr-His-Thr-His-Thr

The table of codons

Central Dogma Ribosomal RNA synthesis takes place in the nucleolus

Transcription of rRNA

Transcription unit
Nontranscribed spacer
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Assembly of ribosomes
• Ribosomal RNA is transcribed as a 45S precursor RNA, 

synthesized in the nucleolus by polI from thousands of 
copies of the gene.

• The 45S precursor (13,000 nt)is processed into 3 
smaller RNAs 28S (5000 nt), 18S (2000 nt) and 5.8S 
(160 nt)

• The 5S subunit is synthesized by polIII from a cluster of 
2000 genes located separately from the other ribosomal 
genes

• Some 80 proteins associate with the rRNAs to make up 
complete ribosome.

• Small ribosomal subunit (40S) contains 18S rRNA 
while the large 60S subunit contains the remaining 
rRNAs

ribosomes

Transfer RNAs (tRNAs)

• tRNAs are small 70-90 nt
• there are about 32 different tRNAs in most 

organisms
• the tRNAs contain unusual modified 

nucleotides
• aminoacyl-tRNA synthetases charge tRNAs 

with amino acids
• tRNAs function to deliver the amino acids 

to the ribosomes for protein synthesis

Wobble Hypothesis
1. exhibit a cloverleaf-like secondary structure.  
2. have a 5'-terminal phosphate. 
3. have a 7 bp stem that includes the 5'-terminal nucleotide 
and may contain non-Watson-Crick base pairs, e.g. GU. This 
portion of the tRNA is called the acceptor since the amino 
acid is carried by the tRNA while attached to the 3'-terminal 
OH group. 
4. have a D loop and a TpsiC loop. 
5. have an anti-codon loop. 
6. terminate at the 3'-end with the sequence 5'-CCA-3'. 
7. contain 13 invariant positions and 8 semi-variant 
positions. 
8. contain numerous modified nucleotide bases. 

Features of tRNAs
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Protein synthesis
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Protein synthesis in bacteria

Initiation of translation
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Termination

-stop signal on mRNA read by protein release factors causes 
release of completed polypeptide chain 
-RF1 recognizes UAA and UAG 
-RF2 recognizes UAA and UGA 
-RF3 binds GTP and enhances action of RF1 and RF2 
-binding of RF1-RF3-GTP (or RF2-RF3-GTP) to ribosome 

causes   hydrolysis of peptidyl-tRNA 
-GTP is then hydrolyzed and the release factors dissociate 

from ribosome 

Regulation of protein synthesis
Iron is poorly absorbed and toxicity to cells makes it highly regulated 

organisms have developed to minimize iron levels.  Yet it is essential so 
at the same time great efforts are made to hang on to it. 
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ANTIBIOTICS INHIBITING TRANSLATION

The bacterial ribosomal structure and the accessory functions differ in 
many respects from its eukaryotic equivalent. The translation reaction 
itself can be subdivided into three parts: 

1.Formation of the initiation complex, blocked by Streptomycin and
Tetracyclins (the latter inhibiting binding of aa-tRNA to the ribosomal 
A- site at the 30S ribosomal subunit.

2.Introduction of aa-tRNA and synthesis of a peptide bond, inhibited by
puromycin (leading to premature termination) and chloramphenicol
(probably inhibiting the peptidyltransferase).

3.Translocation of the mRNA relative to the ribosome blocked by 
erythromycin and fusidic acid (the latter preventing release of EF-
G/GDP.


