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Neutrons reveal the structure….
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…of the whole system…

100% D2O



…or selected constituents…

43% D2O



…via contrast matching

13% D2O



Dissection of the bacterial cell

secA

Tn3R

polymerase

ribosome



X-ray crystallography



Small angle neutron scattering



Ab initio structure restoration

DAMMIN

Svergun Biophys. J. (1999) 76, 2879-2886
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Dissection of the bacterial cell

ribosome





Svergun & Nierhaus J. Biol. Chem. (2000) 275, 14432-14439



Protein-rRNA distribution in the 70 S 
ribosome

Svergun & Nierhaus J. Biol. Chem. (2000) 275, 14432-14439



Modelling-in of protein crystal structures



Dissection of the bacterial cell

secA





Image from http://www.sfu.ca/mbb/mbb/faculty/paetzel/Mark_Paetzel_Page_files/IMAGE002.JPG

Sec translocase exports proteins through 
membrane to non-cytoplasmic environment

SecA is motor part of translocase

Membrane bound and cytoplasmic

Powered by ATP hydrolysis

How does SecA translate chemical energy from ATP 
hydrolysis into mechanical energy for pre-protein 
movement?



Lipid vesicles are matched out at 14.3 % 
D2O

Bu et al. (2003) J. Mol. Biol. 332 23-30

14.3 % D2O



Nucleotide binding disrupts SecA dimer in 
lipid vesicles

Bu et al. (2003) J. Mol. Biol. 332 23-30



Dissection of the bacterial cell

polymerase





Taq DNA pol I

Performs lagging strand DNA synthesis and repair

Comprises

Polymerase domain for making new DNA (Klentaq)

5’ nuclease domain for cleaving RNA primers or damaged DNA

Puzzle: not apparent from crystal structure how taq polymerase 
coordinates 2 activities to leave only a “nick” and not a gap



Pol I is part of a replication machine



Apo taq pol solution structure is similar to 
crystal structure…

Ho et al. (2004) J. Biol. Chem. 279 39146-54

apo 90 % D2O



..but DNA induces 5’ nuclease domain 
rearrangement

Ho et al. (2004) J. Biol. Chem. 279 39146-54

+DNA

65 % D2O



DNA is bent by 120° when bound to 5’ 
nuclease or taq polymerase

45 % D2O

DNA

DNA bound to taq pol





When ab initio modelling fails…



…rigid body modelling offers a solution



Dissection of the bacterial cell

Tn3R





Tn3 resolvase

Protein

Brings about rearrangement of bacterial DNA by 
catalysing cleavage and re-joining of DNA strands

Forms a large DNA-protein complex = synaptosome



Architecture of synaptosome is unknown



High resolution structure of one-sixth of 
synaptosome (γδ resolvase)

Yang & Steitz (1995) Cell 82 193-207



Models for synaptosome: DNA in or out?

DNA-inHS

(Rice & Steitz, 1994)

Nöllmann et al. (2004) Mol. Cell 16 127-137

DNA-outBB

(Grindley, 2001)



SAXS & SANS studies

43% D2O 65% D2O

SAXS

Nöllmann et al. (2004) Mol. Cell 16 127-137



Protein contrast matched: shape of DNA?

ϕ

Nöllmann et al. (2004) Mol. Cell 16 127-137



DNA contrast matched: shape of protein?

Nöllmann et al. (2004) Mol. Cell 16 127-137

ϕ



Final model: DNA out

[Rice & Steitz, 1995] (Sarkis & Grindley, 2001)
Nöllmann et al. (2004) Mol. Cell 16 127-137



Thank you!


