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Lessons from POLAR BEARS
Hibernating polar bears pack their 
ribosomes orderly just before their 
winter sleep, indicating that: 

Ribosomes can be orderly packed

While densely packed, 
ribosomes can maintain their 
integrity and functional 
activity for months, despite 
their natural tendency to 
deteriorate within days



The Dead Sea



Haloarcula marismortui



Haloarcula
marismortui



Aimed



1980 - the first microcrystals of the large ribosomal subunit from 
Bacillus stearothermophilus



1984 An electron micrograph of a section of a 
crystal of the large  ribosomal subunit from 

Bacillus stearothermophilus



Aimed









Crystal decay by irradiation
after 0.1 seconds at -10 deg C



Hakon Hope

& 
MAD (for phasing)
& 
Better detectors



Hakon 

Hope

The first cryo bio crystallography experiment,   SSRL, Stanford 1986



The way to structure determination was long and 
demanding,  we frequently felt as is we are climbing 
high mountains, just for discovering that a higher 
Everest is still in front of us

We hardly felt like Archimedes discovering the 
“bath principle” and rushing out shouting "Eureka! 
Eureka! (I've found it! I've found it!)“

Introducing cryo bio crystallography 
and discovering that crystals can 

acquire almost eternal life, was one of 
these rare moments



Eureka!











The 
nascent 
protein 

exit 
tunnel





Trigger Factor
• Unique to eubacteria and 

chloroplasts
• First chaperone to encounter 

nascent chains
• Prevents aggregation of 

cytosolic proteins
• Acts co-translationaly
• More?



Trigger Factor

Ferbitz et al. Nature 2004

N-terminal (TFa)



In the physiological 
complex 
the bound TFa 
undergoes 
conformational 
rearrangements



A hydrophobic Pocket Opens 
upon Binding to the Ribosome















Binding of TFa to D50S

TFa,   L23  , L29
Modeled Nascent Peptide

in a physiological 
complex



Keats (1795-1821) Kafka (1883-1924) Orwell (1903-1950)

Mozart (1756-1791) Schubert (1797-1828) Chopin (1810-1849)

Early deaths caused by infectious diseases

and no antibiotics 

Adapted from V. Ramakrishnan



Because of the 
fundamental role played 
by the ribosomes, many 
antibiotics target them







Chloramphenicol-PTC
Clindamycin
Erythromycin- tunnel



Synergism of ribosomal 
antibiotics:

The combination of two 
antibiotics drugs that can 
interact with each other  

and enhance activity













All antibiotic binding sites on the 
ribosome are of functional relevance



David and Goliath:
How do the tiny antibiotics paralyze 

the giant ribosome?





The ribosome translates the genetic code into proteins
• Universal cellular assembly of rRNA and r-proteins
• Total mol weight 2.5 - 4 Mega Dalton (for prokaryotes & 
eukaryotes, respectively) 
• Two subunits: in bacteria called 30S and 50S

Total mol weight 2.5  
Mega dalton in  
prokaryotes: One RNA 
chain of ~1600 
nucleotides (16S RNA) 
and  ~ 21 different 
proteins (called 
S1….S21)

Total mol weight 1,5 Mega dalton in  prokaryotes
Two  RNA chain of total ~3000 nucleotides (5S RNA & 23S 
RNA) and ~ 34 different proteins (called L1….L34



We identified the ancient 
(prebiotic) translation apparatus 
within the contemporary ribosome





























The ribosome architecture provides a 
symmetrical the frame for the tRNA 3’end 
end (CCA-aminoacid), which accords with 

the early finding of symmetrical 
relationship of the ribosome substrates* 

The tRNA 3’end rotatory motion is part of 
the mRA/tRNA translocation and can occur 

regardless of the nature of this motion 
(simple sideways shift,  hybrid motion, etc) 

It also does not depend on global ratcheting.   
* (Nissen et al., 2000)
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Suggesting that





Synthesis of activated pyrimidine 
ribonucleotides in prebiotically plausible 

conditions

Systems chemistry on early Earth
Jack W. Szostak

A new way of looking at the synthesis of RNA

Self-Sustained Replication of an 
RNA Enzyme
Lincoln and Joyce

SCIENCE, 323, 2009

___________________________________________________

___________________________________________________

Powner, Be´atrice Gerland & Sutherland
nature 459, 14 May 2009





Synthesis of activated pyrimidine 
ribonucleotides in prebiotically plausible 

conditions

Systems chemistry on early Earth
Jack W. Szostak

A new way of looking at the synthesis of RNA

Self-Sustained Replication of an 
RNA Enzyme
Lincoln and Joyce

SCIENCE, 323, 2009

___________________________________________________

___________________________________________________

Powner, Be´atrice Gerland & Sutherland
nature 459, 14 May 2009



The proto-ribosome was a dimer of RNA 
chains resembling the contemporary PTC

Our hypothesis

Agmon et al.,(2005), Biol Chem 386, 833-44
Agmon et al.,(2006), Isr J Ecol Evol, 52, 359-74
Agmon et al.,(2009), http://proceedings. nature.com/documents/2921/
Bokov et al., (2009), Nature 457, 977-980



We suggest a chemical prebiotic process, 
originating from an oligonucleotide and 
proceeding via a self folded unit into a 

self-assembled dimer,
thus producing proto-ribosome pockets.

As RNA can be its own template for 
replication, the proto ribosome could 
have evolved by gene fusion or gene 

duplication.





Proto-ribosome constructs:
An  example for a “primitive” version



Proto-ribosome 
constructs: 
An  example for a 
“still existing” version



Non uniform tendency to dimerize.
The preference of selected sequences  
over very similar, albeit not identical 
ones, indicate that: 
survival of the fittest and natural 
selection seem to play a major role 
in the prebiotic world, although 
these properties are commonly  
related to the evolution of species



Based on the pattern of  A-minor interactions within the 23S RNA



t

Based 
on the 
pattern 
of the 
RNA 
tetra-
loops 
within 
the 23S 
RNA



Conclusions
Analysis of the early steps in protein 

biosynthesis enabled visualization of a 
continuous path from the primordial 
world to contemporary genetic 
translation.

It also indicates that the ribosome is a 
naturally occurring ribozyme that 
outlived the transition from the 
presumed pre-biotic ‘RNA World’ to 
contemporary life.



Still open questions (a selected list)

Was there an RNA world? 

Why should RNA produce machine for making 
proteins? Or: Was the proto-ribosome an RNA 
machine, performing RNA needs, prior to the 
appearance of amino acids?

What was first: the genetic code or its 
products?



.
Efficiency of a self-aminoacylating ribozyme: 

Effect of the length and base-composition of its 3' 
extension

Lehmann,  Reichel, Buguin and Libchaber 
RNA (2007), 13:1191–1197 

Charging of tRNA with non-natural amino acids at 
high pressure

Giel-Pietraszuk Jan Barciszewski
FEBS Journal 273 (2006) 3014–3023

___________________________________________________

Aminoacyl-RNA Synthesis Catalyzed by an RNA
Ilangasekare, Sanchez, Nickles and Yarus

Science 267 (1995) 643-647

Nonenzymatic RNA Ligation in Water
Pino, Ciciriello, Costanzo and Di Mauro

J. Biol. Chem. 2008
___________________________________________________

___________________________________________________



The existence of 
well performing polypeptides

catalyzing fundamental  reactions
and/or

stabilizing the machines producing them 

may have led to the 
emergence of the genetic code



A hypothetical non-coded “enzyme” 
that can be useful for RNA metabolism

Active site 
formed by 
enhanced local 
concentration of 
imidazole rings



First amino acid?

Glycine? Because it is the simplest

Lysine and arginine? Because they are 
basic, thus interacting with RNA

Histidine? Because of its imidazole that is 
synthesized in a pathway similar to RNA 
bases;    and because imidazole can act as a 
catalyst
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