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Matthew W. Powner, Béatrice Gerland, John D. Sutherland. Nature 459:239-242, 2009



Why RNA and not protein?

(i) Almost all RNA molecules are soluble in water

(ii) Almost all RNA molecules form structures     
and hence may have functions

(iii) All RNA molecules can act as templates for     
replication and hence all mutants of RNA 
molecules are suitable as templates



Replication and mutation are parallel chemical reactions.



Deoxyribonucleic Acid – DNA

The carrier of digitally encoded information

Duplication of genetic information



Why RNA and not DNA?

(i) DNA is more stable against degradation 
than RNA but much more difficult to 
synthesize 

(ii) Evidence for the historical sequence of 
events: RNA is in the center of present 
day cellular metabolism whereas DNA  
is at the periphery      

(iii) Single stranded RNA is richer in structure, 
because base pair stacking is stronger in 
RNA than in DNA 



RNA structures as candidates for function

(i) Minimum free energy structures

(ii) Suboptimal structures

(iii) Kinetic structures
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Definition of RNA structure



N = 4n

NS < 3n

Criterion:   Minimum free energy (mfe)

Rules:     _ ( _ ) _   {AU,CG,GC,GU,UA,UG}

A symbolic notation of RNA secondary structure that is equivalent to the conventional graphs



tobramycin

RNA aptamer, n = 27

Formation of secondary structure of the tobramycin binding RNA aptamer with KD = 9 nM

L. Jiang, A. K. Suri, R. Fiala, D. J. Patel, Saccharide-RNA recognition in an aminoglycoside antibiotic-
RNA aptamer complex. Chemistry & Biology 4:35-50 (1997)



The three-dimensional structure of the 
tobramycin aptamer complex

L. Jiang, A. K. Suri, R. Fiala, D. J. Patel, 
Chemistry & Biology 4:35-50 (1997)



One error neighborhood – Surrounding of an RNA molecule of 
chain length n=50 in sequence and shape space
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GGCUAUCGUAUGUUUACCCAAAAGUCUACGUUGGACCCAGGCAUUGGACG
GGCUAUCGUACGUUUACCCAAAAGUCUACGUUGGACCCAGGCAUUAGACG
GGCUAUCGUACGUUUACUCAAAAGUCUACGUUGGACCCAGGCAUUGGACG
GGCUAUCGUACGCUUACCCAAAAGUCUACGUUGGACCCAGGCAUUGGACG
GGCCAUCGUACGUUUACCCAAAAGUCUACGUUGGACCCAGGCAUUGGACG
GGCUAUCGUACGUUUACCCAAAAGUCUACGUUGGACCCAGGCAUUGGACG
GGCUAUCGUACGUGUACCCAAAAGUCUACGUUGGACCCAGGCAUUGGACG
GGCUAACGUACGUUUACCCAAAAGUCUACGUUGGACCCAGGCAUUGGACG
GGCUAUCGUACGUUUACCCAAAAGUCUACGUUGGACCCUGGCAUUGGACG
GGCUAUCGUACGUUUACCCAAAAGUCUACGUUGGACCCAGGCACUGGACG
GGCUAUCGUACGUUUACCCAAAAGUCUACGUUGGUCCCAGGCAUUGGACG
GGCUAGCGUACGUUUACCCAAAAGUCUACGUUGGACCCAGGCAUUGGACG
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G
C

U
AU

C
G

U
AC

G
U

U
UA

C
C
C A

A
A
A
G U

C
U
A
C
G U
U
G
GA
C
C C AG

G
C
A
U

UGGA
C
G

One error neighborhood – Surrounding of an RNA molecule of 
chain length n=50 in sequence and shape space



Number Mean Value Variance     Std.Dev.
Total Hamming Distance:      150000     11.647973    23.140715  4.810480
Nonzero Hamming Distance:     99875     16.949991    30.757651 5.545958
Degree of Neutrality:         50125      0.334167 0.006961     0.083434
Number of Structures:          1000 52.31 85.30 9.24

1 (((((.((((..(((......)))..)))).))).))............. 50125 0.334167
2 ..(((.((((..(((......)))..)))).)))................ 2856 0.019040
3 ((((((((((..(((......)))..)))))))).))............. 2799 0.018660
4 (((((.((((..((((....))))..)))).))).)).............     2417 0.016113
5 (((((.((((.((((......)))).)))).))).)).............     2265 0.015100
6 (((((.(((((.(((......))).))))).))).)).............     2233 0.014887
7 (((((..(((..(((......)))..)))..))).)).............     1442 0.009613
8 (((((.((((..((........))..)))).))).)).............     1081 0.007207
9 ((((..((((..(((......)))..))))..)).)).............     1025 0.006833

10 (((((.((((..(((......)))..)))).)))))..............     1003 0.006687
11 .((((.((((..(((......)))..)))).))))...............      963 0.006420
12 (((((.(((...(((......)))...))).))).)).............      860 0.005733
13 (((((.((((..(((......)))..)))).)).))).............      800 0.005333
14 (((((.((((...((......))...)))).))).)).............      548 0.003653
15 (((((.((((................)))).))).)).............      362 0.002413
16 ((.((.((((..(((......)))..)))).))..)).............      337 0.002247
17 (.(((.((((..(((......)))..)))).))).)..............      241 0.001607
18 (((((.(((((((((......))))))))).))).)).............      231 0.001540
19 ((((..((((..(((......)))..))))...)))).............      225 0.001500
20 ((....((((..(((......)))..)))).....)).............      202 0.001347 G
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Shadow – Surrounding of an RNA structure in shape space: 
AUGC alphabet, chain length n=50



Extension of the notion of structure



Extension of the notion of structure



GGCUAUCGUACGUUUACCCAAAAGUCUACGUUGGACCCAGGCAUUGGACG   

(((((.((((..(((......)))..)))).))).)).............  -7.30
..........((((((.((....((((.....))))...))...))))))  -6.70
..........((((((.((....(((((...)))))...))...))))))  -6.60
..(((.((((..(((......)))..)))).)))..((((...))))...  -6.10
(((((.((((..(((......)))..)))).))).))..(........).  -6.00
(((((.((((..((........))..)))).))).)).............  -6.00
.(((.((..((((..((......))..))))..))....)))........  -6.00

GGCUAUCGUACGUUUACACAAAAGUCUACGUUGGACCCAGGCAUUGGACG   

(((((.((((..(((......)))..)))).))).)).............  -7.30
.(((.((..((((..((......))..))))..))....)))........  -6.50
.(((.....((((..((......))..))))((....)))))........  -6.30
..(((.((((..(((......)))..)))).)))..((((...))))...  -6.10
(((((.((((..(((......)))..)))).))).))..(........).  -6.00
(((((.((((..((........))..)))).))).)).............  -6.00
.(((...((((((..((......))..))))...))...)))........  -6.00

GGCUAUCGUACGUUUACCCAAAAGUCUACGUUGGACCCAGGCAAUGGACG   

(((((.((((..(((......)))..)))).))).)).............  -7.30
..(((.((((..(((......)))..)))).)))..(((.....)))...  -7.20
..........((((((.((....((((.....))))...))...))))))  -6.70
..........((((((.((....(((((...)))))...))...))))))  -6.60
(((((.((((..(((......)))..)))).))).))((.....))....  -6.50
(.(((.((((..(((......)))..)))).))).)(((.....)))...  -6.30
.((((.((((..(((......)))..)))).))).)(((.....)))...  -6.30
.....(((.((((..((......))..)))))))..(((.....)))...  -6.30
(.(((.((((..(((......)))..)))).)))..(((.....))).).  -6.10
.....((..((((..((......))..))))..)).(((.....)))...  -6.10
......(((.((((...((....((((.....))))...)).)))).)))  -6.10
(((((.((((..(((......)))..)))).))).))..(........).  -6.00
(((((.((((..((........))..)))).))).)).............  -6.00
.(((.((..((((..((......))..))))..))....)))........  -6.00
......(((.((((...((....(((((...)))))...)).)))).)))  -6.00



Extension of the notion of structure
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J.H.A. Nagel, C. Flamm, I.L. Hofacker, K. Franke, 
M.H. de Smit, P. Schuster, and C.W.A. Pleij.

Structural parameters affecting the kinetic competition of 
RNA hairpin formation. Nucleic Acids Res. 34:3568-3576,
2006.

An RNA switch



A ribozyme switch

E.A.Schultes, D.B.Bartel, Science 
289 (2000), 448-452



Two ribozymes of chain lengths n = 88 nucleotides: An artificial ligase (A) and a natural cleavage 
ribozyme of hepatitis- -virus (B)



The sequence at the intersection: 

An RNA molecules which is 88 
nucleotides long and can form both 
structures



Two neutral walks through sequence space with conservation of structure and catalytic activity
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