
Protocol for Site-directed spin labeling EPR analysis
of protein structure and dynamicsof protein structure and dynamics.

Bi h i l tiBiochemical preparation
•Remove all native cysteines by mutating to alanine,
serine or valine.
• Introduce single and double cysteines
• Express, and label. Amount of protein required per EPR
data point is 10 μl of 50 μM (i e 500 pmoles)data point is 10 μl of 50 μM (i.e 500 pmoles)

EPR spectroscopy
C ll t EPR t t d t i bilit• Collect EPR spectrum to determine mobility

• Measure solvent accessibility.
• Measure distances between pairs of spin labels.p p



The Mobility Parameter

Motion of the label

ΔΗο

τ is the characteristic time of the motion

Μotion of the label is restricted by
surrounding atomic density



Correlation between Spin Label Mobility and Structural Environmentp y
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Spin Label SolventAccessibility 
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Note the correlation
between accessibility and

Spin label Mobility
Surface

between accessibility and
mobility

• Deduced from measurement of the collision
frequency with small paramagnetic molecules
such as NiEDDA and Oxygen.
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• Reagents are differentially soluble :assignment
of the topographical location.
• Quantitative measurement: high resolution
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Secondary Structure Assignment of the 
α Crystallin Domainα-Crystallin Domain
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Accessibility Pattern of Anisotropically Solvated 
Transmembrane Helix
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Accessibilities of Spin label Side Chains Along 
Selected Segments of Apo-MsbA
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Distance Determination in Proteins
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Borbat, P.P., Mchaourab, H.S., and Freed, J.H. (2002). 
Journal of the American Chemical Society. 124, 5304-5314.



Dipolar Interaction

The energy of interaction of a magnetic dipole μ1 with  
magnetic dipole μ2 at distance r is
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More generally, considering the vector properties of the 
magnetic dipoles
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Which is proportional to (1-3 cos2θ) where θ is the angle 
between the interspin vector and the external magnetic field.between the interspin vector and the external magnetic field.





Effect of the distance between spin labels on the EPR spectrum



Packing of Helices D and GPacking of Helices D and G
I T4 LI T4 LIn T4 LysozymeIn T4 Lysozyme

Helix G
Helix D Cα-Cα R1-R1

86/122

8 Å <10 ÅX  20

119 10 Å <10 Å

86/119
X  20

122

119

115
86/115

122
86

13 Å 14 Å

S f Si l

X  10

Sum of Singles
Doubles

Conclusion: Distance between labels reflects the packing of secondary structure.





Distance Changes at the ABCs
Borbat et al. (2007). PLoS Biology.

How far do the ABCs move?
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Long Range Distance Measurements in 
T4 Lysozyme by Double Electron-Electron Resonance

80R1

T4 Lysozyme by Double Electron Electron Resonance

29 Å

38 Å

Pair Ca- Ca R1-R1
65/80 23 Å 28 Å

Å Å
47 Å

65R1

80/135 27 Å 37 Å
65/135       34 Å 46 Å

130R1
65R1

Borbat, P.P., Mchaourab, H.S., and Freed, J.H. (2002). 
Journal of the American Chemical Society. 124, 5304-5314.


