
Nucleic Acids
Why do I care?

revolutions at the turn of the century

opportunities for the 21st century

Proteins do everything, right?
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In the beginning…

DNA

mRNA

Protein

Archival information 
storage

Transient 
information storage

Catalysis, structure, 
regulation, et al.
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Chicken & Egg?

DNA

mRNA

Protein

Archival information 
storage

Transient 
information storage

Catalysis, structure, 
regulation, et al.
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RNA can do everything

DNA

RNA

Protein

Archival information 
storage

Transient 
information storage

Catalysis, structure, 
regulation, et al.

Catalysis! 1980-2000
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Project Encode (2007)
(More) rewriting of textbooks

June 2007, published in Nature

Some regions of DNA far from protein-coding genes 
(extreme “junk?”) are nevertheless highly conserved

Most of both strands of the DNA is transcribed (far 
beyond that required for protein-coding genes)

Tuesday, November 6, 12



21st Century Opportunities

DNA

mRNA

Protein

pre-mRNA
Riboswitches

Riboswitches

RNA Editing
late ‘80s

Riboswitches
early ‘00s

Alternative 
splicing

early ‘80s, but…

micro RNA
late ‘90’s

RNAi
late ‘90’s

“so 20th century”

To be 
discovered…

2010
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DNA(RNA) Nanotechnology

Start with long single 
stranded DNA (black line)

Then add a large number 
of carefully designed 
short, complementary 
oligos (staples) to “stitch” 
the DNA into a more 
compact (and well-
defined) structure

Folding DNA to create nanoscale shapes & patterns
Paul W. K. Rothemund    Nature Vol 440|16 March 2006|doi:10.1038/nature04586

Vol 440|16 March 2006|doi:10.1038/nature04586
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DNA(RNA) Nanotechnology
Start with long single 
stranded DNA (black line)

Then add a large number 
of carefully designed 
short, complementary 
oligos (staples) to “stitch” 
the DNA into a more 
compact (and well-
defined) structure

Pay careful attention to 
the DNA helical phasing
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DNA(RNA) Nanotechnology
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DNA(RNA) Nanotechnology
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DNA(RNA) Nanotechnology
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DNA(RNA) Nanotechnology
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Ribosome
An RNA machine with protein cofactors

DNA(RNA) Nanobiotechnology
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http://people.chem.umass.edu/cmartin/Jmol/Ribosome/1kqs.html
http://people.chem.umass.edu/cmartin/Jmol/Ribosome/1kqs.html
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What stabilizes protein 
structures?

What directs protein structures?

Tuesday, November 6, 12



The DNA Duplex

What stabilizes the duplex?

What directs duplex structure?
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Which is most stable?

5’-ACCGCCGACGT-3’
3’-TGGCGGCTGCA-5’

5’-ACCGCCGACGT-3’
3’-AGGCGGCTGCC-5’
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DNA
A look at the Chemistry
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DNA
A look at the Chemistry
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DNA
A look at the Chemistry
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DNA
A look at the Chemistry
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What forces are important?
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Electrostatics

Hydrogen 
Bonding

Burial of Hydrophobic 
Surface & Stacking
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Base Pairing
(Donors matched to Acceptors)
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Base Pairing
(Donors matched to Acceptors)

N

NN

N
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Minor Groove

Major Groove
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Base Pairing
(Donors matched to Acceptors)

N

NN

N

N N

O

O

N
H

HH

A

T

W
atson-Crick

Hoogsteen
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Base Pairing
(Donors matched to Acceptors)

A

T
N

NN

N

N N

O

O
N

H

HH

Good base pairing
Watson-Crick facing
    but Anti-Watson-Crick orientation

Tuesday, November 6, 12



Base Pairing
(Donors matched to Acceptors)

A

T

Good base pairing
WC-Hoogsteen facing

N
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N
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N
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O
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H HH
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Bad Base Pairing
(Donors not matched to Acceptors)
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Bad Base Pairing
(Donors to Acceptors with terrible angles)
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Wild (but good) Base Pairing
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AT Base Pair
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How important are H-bonds in DNA?

31

+3.4

+3.7
+3.4

+3.5 +3.0
Tuesday, November 6, 12

http://pubs.acs.org/cgi-bin/archive.cgi/jacsat/1995/117/i07/pdf/ja00112a001.pdf?isMac=296051
http://pubs.acs.org/cgi-bin/archive.cgi/jacsat/1995/117/i07/pdf/ja00112a001.pdf?isMac=296051


Burial of hydrophobic surface drives helix formation
(hydrophobic core / stacking interactions)
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Flat faces are nonpolar
Edges are very polar (can H-bond)
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Furanose Sugar Ring
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Furanose Sugar Ring
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Why is Watson-Crick so good?

Sugar
Sugar

C G

N
N

NO

N

NH

H
H

N

N

O
N

H
H

All four WC base pairs
are

isosteric
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Why is Watson-Crick so good?

Sugar
Sugar

G C

N

N

N O
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All four WC base pairs
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isosteric
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Why is Watson-Crick so good?

Sugar
Sugar

A T
N

O

O

NH
N

N

N
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H
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All four WC base pairs
are

isosteric
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Why is Watson-Crick so good?

Sugar
Sugar

T A
N

O

O

N
H N

N

NN
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H

H

All four WC base pairs
are

isosteric
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Why a helix?
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Why major and minor grooves?

A T
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Sugar
Sugar minor

major
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Nucleic Acid - Nucleic Acid Recognition
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Why is the major groove so good?

A T
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O
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Major Groove

Minor Groove
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Why is the major groove so good?
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Minor Groove
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Why is the major groove so good?
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Why is the major groove so good?
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Nucleic Acid “Triples / Platforms”
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Protein - Nucleic Acid Interactions
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B-form DNA

B-form

Residues per turn =10
Twist per base pair = 36°

Rise per pair = 3.4Å
c2’-endo

Minor groove width = 5.7Å
Major groove width = 11.7Å

Minor groove depth = 7.5Å
Major groove depth = 8.8Å

A-form

Residues per turn =11
Twist per base pair = 33°

Rise per pair = 2.9Å
c3’-endo

Minor groove width = 11Å
Major groove width = 2.7Å

Minor groove depth = 2.8Å
Major groove depth = 13.5Å

Major 
groove

Minor 
groove

Tuesday, November 6, 12



B-form DNA

Residues per turn =10
Twist per base pair = 36°

Rise per pair = 3.4Å
c2’-endo

Minor groove width = 5.7Å
Major groove width = 11.7Å

Minor groove depth = 7.5Å
Major groove depth = 8.8Å

A-form

Residues per turn =11
Twist per base pair = 33°

Rise per pair = 2.9Å
c3’-endo

Minor groove width = 11Å
Major groove width = 2.7Å

Minor groove depth = 2.8Å
Major groove depth = 13.5Å

Rise 
per pair

Residues per turn

Tuesday, November 6, 12



A-form RNA

Residues per turn =11
Twist per base pair = 33°

Rise per pair = 2.9Å
c3’-endo

Minor groove width = 11Å
Major groove width = 2.7Å

Minor groove depth = 2.8Å
Major groove depth = 13.5Å

Major 
groove

Minor 
groove
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A-form RNA

Residues per turn =11
Twist per base pair = 33°

Rise per pair = 2.9Å
c3’-endo

Minor groove width = 11Å
Major groove width = 2.7Å

Minor groove depth = 2.8Å
Major groove depth = 13.5Å

Rise 
per pair

Residues per turn
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Compare

Major 
groove

Minor 
groove

Major 
groove

Minor 
groove

B-form (DNA)

Minor groove width = 5.7Å
Major groove width = 11.7Å

Minor groove depth = 7.5Å
Major groove depth = 8.8Å

A-form (RNA)

Minor groove width = 11Å
Major groove width = 2.7Å

Minor groove depth = 2.8Å
Major groove depth = 13.5Å

C2’ 
endo

C2’ exo

C3’ 
endo

C3’ exo
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Z-DNA

Major 
groove

Minor 
groove

Major 
groove

Minor 
groove

Residues per turn =12
Twist per base pair = -9 / -51°

Rise per pair = 3.7Å
c3’-endo(syn) / c2’-endo

Minor groove width = 2.0Å
Major groove width = 8.8Å

Minor groove depth = 13.8Å
Major groove depth = 3.7Å
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Ends of DNA duplexes
“Blunt” ends
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Ends of DNA duplexes
“Blunt” ends
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Simple Structure - Hairpin

Tuesday, November 6, 12

http://www.chem.umass.edu/people/cmartin/Jmol/TelomeraseP61/index.html
http://www.chem.umass.edu/people/cmartin/Jmol/TelomeraseP61/index.html
http://www.chem.umass.edu/people/cmartin/Jmol/TelomeraseP61/index.html


Classic Structure - Pseudoknot

Tuesday, November 6, 12

http://people.chem.umass.edu/cmartin/Jmol/Rbz/PseudoKnot/index.html
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tRNA

53
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Hammerhead Ribozyme

Tuesday, November 6, 12
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Ribosome
An RNA machine with protein cofactors

Tuesday, November 6, 12

http://people.chem.umass.edu/cmartin/Jmol/Ribosome/1kqs.html
http://people.chem.umass.edu/cmartin/Jmol/Ribosome/1kqs.html
http://people.chem.umass.edu/cmartin/Jmol/Ribosome/1kqs.html


Winged Helix DNA Binding Domain
Classic helix-turn-helix
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