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Translation: mRNA directed 
protein synthesis

Chapter 27: 
Protein Metabolism

Copyright © 2004 by W. H. Freeman & Company 

Chem 431c-Lecture 8a Reminder:  Wednesday is Test 2 Day  

Covers Chapters 25 and 26 in toto. 

90 points 

6 discussion questions. 15 points each.  Work 
quickly and concisely. Answer the question asked.  
Some students answer more than is asked.  Penalty 
will be levied. 

Will the test be difficult?  For some, Yes. 

Study major concepts. Sample Question: 

Describe Mismatch Repair giving unique enzymes 
involved and describing when it is used. 

Central dogma of molecular 
biology 

•  Proteins =the 
endproducts of the 
information 
pathways 

Proteins 
Typical cell needs 1000’s of proteins.   
Protein biosynthesis elucidation-one of greatest 
challenges in biochemistry;   
There are >70 ribosomal proteins; 90% of chem 
energy used by cell; 15,000 ribosomes; 100,000 
molecules of protein factors and enzymes; 200,000 
tRNA molecules, 
Process is complex yet fast:  protein of 100 aa’s/5 sec 
in E.coli. 

Ribosomes line the endoplasmic reticulum 

Genetic Code 

-nucleotide triplet codon/amino acid 
-non overlapping (overlap would be limiting) 
-first 2 letters usu. fixed but 3rd may be variable 
-degenerate: more than 1 codon/amino acid 
- reading frame determined by initiation codon – 

AUG; termination codons are UAA, UAG and 
UGA



2 

Crick’s adaptor hypothesis 

Just like assembling 
a Lego molecule? 

Triplet non-overlapping code 

How many possible unique triplet codons can you 
have?   

Reading Frame in genetic code Open reading frame (ORF) 

    In a random sequence of nucleotides, 
probability of 1/ 20 codons in each reading 
frame is a termination codon.  

So if it doesn’t have a termination codon among 
50 or more, it’s an “open reading 
frame”(ORF).

-possibly codes for a gene product
-These are encountered when sifting thru pieces 

of DNA looking for a gene

Evidence for non-overlapping 
code 

Genetic Code  

- deciphering code: 
great achievement! 

-   “dictionary” of 
amino acid code 
words in mRNA 

Start codon AUG 
is also Met 

Synonyms 
not random 

“Nonsense 
codons” 

Lastly:standard code not universal! 
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Wobble Rules 
Wobble lets 

tRNAs 
recognize 
more than 
1 codon. 

Pairing of codon and 
anticodon 

-antiparallel alignment  

3 pairings when I is in anticodon 

Third base in codon may vary  (codons for Arg) 

Wobble rules (Crick) 
•  wobble rules (Crick): the third base 

in the codon (first in the anticodon) 
pair loosely: i.e. “wobble” Rules: 

•  (1) first 2 codon bases, strong, 
confer specificity; 

•  (2) first anticodon base 
determines # codons recognized 
that tRNA. ;

•   3) for aa’s that have more than 
1 codon, if first 2 differ, then 
require more than 1 tRNA.  

•  (4) minimum of 32 tRNAs 
required to read all 61 codons 
known. 

Wobble rules summary 

A   U only
C   G only
G   U or C
U   A or G
I   A, U or C

#1 anticodon #3 codon 

Protein synthesis 
:5 stages 

1.  Activation of 
amino acids 

2.  Initiation 
3.  Elongation 
4.  Termination & 

release 
5.  Folding & post 

translational 
processing 
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Charging the amino acid 
•  tRNA has cloverleaf 2nd struc 

with 4 or 5 arms. 73-93 nts.  
•  Amino acid arm (CCA-3’)  
•  D arm (contains 2-3 D 

residues=5,6 dihydrouridine)
•  TΨC arm  (contains this 

conserved seq; Ψ = 
pseudouridine; 
T=ribothymidine

•  Anticodon arm (contains anti 
codon)

•  each aa’s carboxyl group is 
attached to its corresp tRNA in 
the cytosol.  tRNA “charged”.

Tertiary structure of tRNA 

Aminoacyl-tRNA synthetases 
•  Aminoacyl-tRNA synthetase attaches aa to their tRNAs. : 
aa + tRNA+ATPaa-tRNA + AMP+PPi (ester linkage; 2 high 
energy bonds broken; highly exergonic, irrev)

•  how is accuracy ensured?  3 steps: 
(a) binding of aa to enz to form aa-AMP, 
(b) binding of incorrect aa-AMP products to hydrolysis separate site 
(c) inherent hydrolysis activity of synthetase enhanced by wrong 
combos of aa and tRNA.

•  How does the synthetase recognize the right tRNA? 
–  Mostly thru the amino acyl arm and anticodon arms. 

aa =amino acid 

2 types of aa-tRNA synthetases 

Type I monomer  
Type II dimer  

Dintzis Experiment:  
showed direction of polypeptide elongation 

Labelled Lys 
incorporated in 
completed α 
chain of Hb. 
Mostly in C 
terminus showing 
elongation is from 
N --> C terminus  


