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Regions of Interest (ROI)
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• Identify all nearby polar 
and aromatic atoms 

• Separate analysis for O 
and NH



ROI Conformer
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• Extend target residue to capped 4-residue peptide 
• Extend nearby polar/aromatic atoms to 3-residue peptide 
• Include nearby waters
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Calculate Chemical Shifts
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QM Models
6-311++ 
G(2d,p)/
3-21G

6-311+ 
G(2d,p)/
3-21G

 6-311++ 
G(2d,p)

6-311+ 
G(2d,p)

TMS 13C 183.980 184.009 183.329 183.361

TSP 13C 184.815 184.836 184.084 184.249

DSS 13C 185.015 184.982 184.312 184.472

TMS 1H 31.950 31.950 31.942 31.944

TSP 1H 32.136 32.134 32.131 32.135

DSS 1H 32.050 32.048 32.053 32.056

Magnetic resonance shielding tensors



Calculate Chemical Shifts
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Gaussian G09 
6-311+G(2d,p)
Reference Values: 
Organic Compounds + PCM
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Pattern Templates
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Conformation Set of Distances

polar/ring

polar/ring

O:R:R|3.512|3.408|3.131|3.295|4.399|2.129|4.802|3.906|4.912|5.907|4.884|5.752|5.908|6.788|8.654|4.941|6.549|6.637|6.416|8.253
O|3.361|2.866|3.072|3.337|4.310|1.945|4.619|3.614|4.312|5.528
Z|3.652|3.518|3.071|3.151|4.390
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Matching Parameter

12

MP =
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i

|di|

n
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ROI Selection
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foreach pattern
create_graph Gpattern
foreach frame in simulation 
foreach ROI with pattern
create_node n in Gpattern
foreach m in Gpattern
if MP(n,m) < threshold
add_edge (n,m) to Gpattern

Solve dominating set problem 
Smallest subset of nodes D such 
that every node of G is either in D 
or is adjacent to a node in D

MP < t

NP-hard, but good approximation algorithm
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Sources of Error
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Level of Quantum Theory 
Size of ROI 

Reduction to Pattern 
Closeness of Match 

Sampling of MD 
Accuracy of MD



Ubiquitin
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Ubiquitin
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Ubiquitin

23



Ubiquitin
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3OBL (cyanobacterial lectin)
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3OBL (cyanobacterial lectin)
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3OBL (cyanobacterial lectin)
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3OBL (cyanobacterial lectin)
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GLY59 



Overall Results
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PROTEIN N-ERR% N-RMSD H-ERR% H-RMSD C-ERR% C-RMSD
1ENH 3.9% 5.795 21.3% 1.848 2.1% 1.568

1HIK 3.1% 4.660 18.4% 1.578 2.4% 1.721

1IGD 4.6% 6.484 17.5% 1.651 2.9% 2.240

3OBL 3.5% 5.418 15.6% 1.558 2.6% 1.914

1QZM 3.8% 5.644 19.0% 1.678 3.1% 2.268

1UBQ 3.7% 5.197 16.6% 1.559 2.1% 1.526

MEAN 3.8% 5.533 18.2% 1.645 2.5% 1.873

STD 0.5% 0.612 2.2% 0.111 0.4% 0.325

1UBQ20 3.7% 5.261 16.8% 1.555 2.1% 1.503



Conclusions
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• Template-based approach is feasible and 
conformation sensitive 

• Large systematic error with H shifts 
• only in H-bond context 
• reducing H-bond length reduces error

Happy to share data - >170,000 Gaussian ROI calculations 
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