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The Protein Factory: 
 

Ribosome 
 



Protein Factory: 
 
Production Line 

Production Line During protein synthesis, incoming tRNA (purple) 

carrying the next amino acid (blue sphere) enters the A site if its 

anticodon (three "teeth" on its bottom) is complementary in 

sequence to the codon on mRNA. The reaction (not shown) 

between A-site tRNA and P-site tRNA (orange) extends the peptide 

chain by one amino acid unit. 

From Joachim Frank  



In all organisms, the 
structure of the ribosome  

is conserved 



Eukaryotic cytoplasmic ribosomes are larger and more 

complex than prokaryotic ribosomes.  Mitochondrial and 

chloroplast ribosomes differ from both examples shown. 

From Joyce J. Diwan 

Ribosome

Source

Whole

Ribosome

Small

Subunit

Large

Subunit

E. coli 70S 30S

16S RNA

21 proteins

50S

23S & 5S

RNAs

31 proteins

Rat

cytoplasm

80S 40S

18S RNA

33 proteins

60S

28S, 5.8S, &5S

RNAs

49 proteins

Ribosome Composition (S = sedimentation coefficient) 



Ribosomes are mostly 
RNA: 

 
Extremely Complicated 

Fold!  



Front View of the 
Archaeon Large Subunit 

(~2x106 Da) 

Tunnel (not shown) that 
leads out the back side: 

polypeptide exit 

T.A. Steitz 
(Science 2000) 



Proteins Within 
the Ribosome 
Have Unusual, 

Extended Shapes: 
 
 

They play a supporting 
role and stabilize rRNA 

tertiary interactions 



Ribosome composition 1: Small Subunit 

 In the translation complex, mRNA threads through a 

tunnel in the small ribosomal subunit.  

 tRNA binding sites are in a cleft in the small subunit. 

 The 3' end of the 16S rRNA of the bacterial small 

subunit is involved in mRNA binding. 

 The small ribosomal subunit is relatively flexible, 

assuming different conformations.  

    E.g., the 30S subunit of a bacterial ribosome was 

found to undergo specific conformational changes 

when interacting with a translation initiation factor.  



The 30s Subunit - Ada Yonath (Cell 2000) 



The overall shape of the 30S ribosomal subunit is largely determined 

by the rRNA. The rRNA mainly consists of double helices (stems) 

connected by single-stranded loops. 

The proteins generally have globular domains, as well as long 

extensions that interact with rRNA and may stabilize interactions 

between RNA helices. 

 From Joyce J. Diwan 

 

30S ribosomal subunit PDB 1FJF 
Small 

ribosomal 

subunit of a 

thermophilic 

bacterium:  

rRNA in 

monochrome; 

proteins in 

varied colors. spacefill  display                       ribbons 



 

The interior of the large 

subunit is mostly RNA. 

Proteins are distributed 

mainly on the surface. 

Some proteins have long 

tails that extend into the 

interior of the complex.  

These tails, which are 

highly basic, interact  

with the negatively 

charged RNA. 

    

PDB 1FFK 

Large 
Ribosome 
Subunit 

"Crown" view with RNAs blue, in 
spacefill; proteins red, as backbone. 

Ribosome composition 2: Large Subunit 



The active site domain 

for peptide bond 

formation is essentially 

devoid of protein. 

Peptidyl transferase is 

attributed to 23S rRNA,  

making this RNA a 

"ribozyme."  

A universally conserved 

adenosine base serves as 

a general acid base 

during peptide bond 

formation. 

 From Joyce J. Diwan 

 

 

PDB 1FFK 

Large 
Ribosome 
Subunit 

"Crown" view with RNAs blue, in 
spacefill; proteins red, as backbone. 



Protein synthesis 
takes place in a cavity 
within the ribosome, 
between small & large 
subunits.  

Nascent polypeptides 
emerge through a 
tunnel in the large 
subunit.  

The tunnel lumen is 
lined with rRNA helices 
and some ribosomal 
proteins. 

 From Joyce J. Diwan 

 
 

Large ribosome subunit.  

Backbone display with RNAs blue. View 

from bottom at tunnel exit. 

PDB 1FFK 



Movie 1: Ribosome in Action 



Whole Story: 
 

Protein Biosynthesis 
 



DNAs:  Provide the blueprint of life, 
the genetic information that is passed 
on from one generation to another. 

RNAs:  Provide the molecular machinery 
to transcribe the genetic information, 
gene by gene, and translate the 
information into proteins at the 
ribosome. 

Proteins: Provide the molecular machines 
of the cell    





Protein Expression 



Protein Synthesis 



Crick Predicted tRNAs Existed Based on the 
Nature of Genetic Material 

This is tRNAAla 
(if attached to alanine: Ala-tRNAAla) 



Secondary Structure of tRNA 

Always 7 
unpaired 
bases 

Total Length: 
73-93 nuleotides 

Added after 
transcription in 

eukaryotes 



Tertiary Structure of tRNA 



The Genetic Code 



Three Nucleotides Needed To Specify 20 Amino Acids 

Codons are “read out” by the anticodons of tRNA; 
one tRNA can read out up to three codons ( thanks to the “wobble”) 



“Wobble” Readout of CGX (Arg) Codons 







mRNA editing 



mRNA Editing (as opposed to processing) 
  
 • Insertion of U (guide RNAs) 
  example: cytochrome oxidase 
  
 • Cytosine Deaminase (CAA->UAA) 
  Example: Apolipoprotein B-100 (liver)/ 
  B-48 (intestine) 
 
 • ADARs (Stop->Trp; Gln -> Arg) 
  Examples: Hepatitius Delta Virus early to 
  late phase transition; AMPA receptors  
 
 



mRNA Editing by ADAR2 

Glutamate 
Receptor Subunit 

Seeburg - Neuron, Vol 35, 17-20, July 2002 



Variations in the Genetic Code 

Frameshifting: Used to evade stop codons (example: RF-2) 



Charging of tRNAs with 
Amino Acids 



tRNA Synthetases Charge tRNAs 
with the Appropriate Amino Acids 

Therefore, it is 
said that these 
enzymes are 
truly the ones 
responsible for 
reading out of 

the genetic code 
and for ensuring 

fidelity. 

Resulting ester 
linkage: 

DG’˚= -29 kJ/mol 



Net Reaction: 
 

amino acid + tRNA + ATP --> 
aminoacyl-tRNA + AMP + PPi 

Therefore, two 
high energy 

phosphate bonds 
broken for 

every amino acid 
activated 



Kinetic Proofreading 



Proofreading (~one mistake in 10,000): 
• Active site optimized for amino acid 
• Sometimes a proof-reading site (ex: Ile vs. Val) 
• Abortive hydrolysis of ester (reverse rxn) favored 
 for incorrect matches 



Movie 2: Antibiotics targeting ribosomes 



Proteins Fold into 3-
Dimensional Structures  



Renaturation of 

unfolded, denatured 

ribonuclease 
(Anfinsen, 1950s) 

The amino acid sequence of a 

polypeptide chain contains all 

the information required to fold 

the chain into its native 3D 

structure. 



Levels of Structure in Proteins 



Structural Biology 

   The laborious tasks of growing protein 

crystals and determining their three-

dimensional structures by x-ray 

diffraction, or introducing 13C- and 15N-

labelled  amino acids into proteins for 

structural determination of proteins in 

solution by high-field NMR. 



The Canonical Amino Acids 















The “21st” Amino Acid 

Inserted at special UGA codons (thus relies on “contextual” signals) 


