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Regions of Interest (ROI

- [dentify all nearby polar
and aromatic atoms

- Separate analysis for O
Peptide Bond and NH
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ROI Conformer

- 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

Magnetic resonance shielding tensors

6-311++
OM Models G(2d,p)/

3-21G
TMS 13C 183.980
TSP 13C 184.815
DSS 13C 185.015
TMS 'H 31.950
TSP 'H 32.136
DSS lH 32.050

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

184.009
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G(2d,p)
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32.053

6-311+
G(2d,p)

183.361

184.249

184.472
31.944
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Chemical Shift

Chemical Shift

Calculate Chemical Shifts
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Pattern Templates

polar/ring

NDOME

ODOME

Conformation Set of Distances

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.
0[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
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ROI Selection

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 eitherin D
or is adjacenttoa node in D

NP-hard, but good approximation algorithm
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Sources of Error

Level of Quantum Theory
Size of ROI

Reduction to Pattern
Closeness of Match

Sampling of MD
Accuracy of MD
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Ubiquitin

Calculated 1*C* Chemical Shifts for 20 Ubiquitin Trajectories
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Ubiquitin

Comparison of Average >C® Ubiquitin Chemical Shifts with Observed Values
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Ubiquitin

Comparison of Average N Ubiquitin Chemical Shifts with Observed Values
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Ubiquitin

Comparison of Average 'H Ubiquitin Chemical Shifts with Observed Values
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30BL (cyanobacterial lectin)

Comparison of Average *C® 30BL Chemical Shifts with Observed Values
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30BL (cyanobacterial lectin)

Comparison of >N 30BL Chemical Shifts with Observed Values
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30BL (cyanobacterial lectin)

T

Comparison of Average 'H 30BL Chemical Shifts with Observed Values
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30BL (cyanobacterial lectin)
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Overall Results

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
THIK 3.1% 4.6600 18.4% 1.578 2.4% 1.721
11GD 4.6% 6.484 17.5% 1.651 2.9% 2.240
30BL 3.5% 5.418 15.6% 1.558 2.0% 1.914
1QZM 3.8% 5.044 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 18.25% 1.645 2.5% 1.873
STD 0.5% 0.612 2.2% 0.111 0.4% 0.325
1UBQ20 3.7% 5.2601 16.8% 1.555 2.1% 1.503
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Conclusions

- 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 ROl calculations
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CINF 37: 3Dmol.js: Chemical structure visualization for the modern web
6:30pm-8:30pm Sun, Mar 13
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COMP 91: Quantum chemical approach for evaluating molecular mechanics force fields based on comparison...
10:30am-10:55am Mon, Mar 14

Presentation
COMP: Divisio..
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COMP 232: GPU implementation of energy minimization for virtual screening
8:00pm-10:00pm Mon, Mar 14

Presentation
COMP: Divisio..

COMP 165: Pharmit: Interactive exploration of chemical space :
11:25am-11:45am Tue, Mar 15 s

Presentation

COMP 271: Convolutional neural networks for protein-ligand scoring
6:00pm-8:00pm Tue, Mar 15

COMP 374: Benchmarking computational methods for binding free-energy estimation
6:00pm-8:00pm Tue, Mar 15

COMP 377: Fragment oriented molecular shape (FOMS) search: A novel shape-based virtual screening method
6:00pm-8:00pm Tue, Mar 15

COMP 232: GPU implementation of energy minimization for virtual screening
6:00pm-8:00pm Tue, Mar 15




