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Biology Learning Objectives
• Demonstrate in writing and diagrams how 

proteins are made.
• Apply the genetic code to deduce the protein 

encoded by a mRNA.

Copyright © 2015 by AM Campbell, LJ Heyer, CJ Paradise. All rights reserved.



H O
C
R1

H3N+ C O–

H
amino acid 1

new dipeptide
BA

ribosomes
(65% rRNA, 35% protein)amino acid 2

O

+

C
R2

H3N

H2O

+ C O–

H O
C
R1

H3N+

H
C

H O
C
R2

N C O–

+ + + + +
+ + + + + +
+ + + + + +
+ + + + + +

mRNAs

tRNA

energy (ATP and GTP)

chromosomes

amino acids

+ + + + + +
+ + + + + +

Fig. 2.20

How are Proteins Made?

What 

What is required to 
build a protein?
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Proteins from Amino Acids

What 

How do cells make a new 
(peptide) covalent bond 
between two amino acids?
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Proteins from Amino Acids

What 

ingredients: DNA
energy
tRNA
ribosomes
mRNA
amino acids
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Proteins from Amino Acids

method: gel electrophoresis (denaturing)
stain all proteins dark
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Proteins from Amino Acids

all ingredients….

…proteins produced
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Fig. 2.20

Proteins from Amino Acids
omit DNA…
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Proteins from Amino Acids

omit energy source…

…no proteins 
produced

W
h
a
t 
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Proteins from Amino Acids

omit tRNA…
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Proteins from Amino Acids

omit ribosomes…
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Proteins from Amino Acids

omit mRNAs…
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Proteins from Amino Acids

omit amino acids…
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Fig. 2.20

Proteins from Amino Acids
DNA is the only ingredient 
not used in translation.

What 
…no proteins 
produced
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Fig. 2.20 link

Watch Translation Movie

www.hhmi.org/biointeractive/translation-advanced-detail

sites.fas.harvard.edu/~biotext/animations/TRANSLATE20b.swf

OR
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What 

What 
modern genetic code table
with all possible codons

no one knew about codons
or which amino acids were
coded by particular sequences
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Decoding the First Codon

Fig. 2.21

The very first experiment 
tested UUUUUUU to see
which amino acid was
encoded…..
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measure polymerization over time

modified from Nirenberg and Leder. 1964
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measure polymerization over time

…UUUU... reaction @ 0° C

modified from Nirenberg and Leder. 1964
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measure polymerization over time

…UUUU... reaction @ 24° C

modified from Nirenberg and Leder. 1964
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measure polymerization over time

…UUUU... reaction @ 37° C

modified from Nirenberg and Leder. 1964
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measure polymerization over time

negative control reactions
no polyU mRNA

modified from Nirenberg and Leder. 1964
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UUU encodes phenylalanine (phe = F)

modified from Nirenberg and Leder. 1964
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first 3 codons deciphered
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