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MD simulation and refinement
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CASP14 protocol (1)

 FEIG-S: fully automated refinement server

* Structure sampling via MD simulations

 Flat-bottom harmonic restraints:
Cartesian coordinates of Ca and distance between Cas

ECombined (/1) = ﬂ’z ECartesian ( i | )+ (1 ﬂ’) Z EDlstance (dlj ’ d )

j—1>3

« Simulations at a higher temperature, 360 K
« CHARMM36m with modifications

» Lower backbone dihedral angle energy barriers
* Hydrogen-mass repartitioning (heavier hydrogens) — 4 fs/MD step
« 500 ns/model (= 5 trajectories x 100 ns)

(16 GPU hours on RTX2080Ti for R1056 (169 residues))
(c.f. 2.25 ps/model for CASP13 protocol)

* Heo, L. et al., Improved sampling strategies for protein model refinement based on molecular dynamics simulation, ChemRxiv (2020).
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Pre-study

Refinement at higher temperature
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CASP14 protocol (2)

« Use of multiple initial models (6 targets)

e Structure diversification prior to MD sampling to generate
kinetically favored initial models

« Simple TBM using sequence & structural similarity,
further optimization by simplified Rosetta Iterative Hybridize

 5initial models: original initial model + 4 alternatives
« 500 ns/model — 2.5 ps/target

* FEIG

 Hybridizing alternative submitted models
from the same server group of the initial model

 i.e., tFold-IDT model 1,4,5 were hybridized with the initial model of
R1091-D2, tFold-IDT model 3
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Pre-study

Refinement with multiple initials
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Pre-study

Progress? benchmark results

* CASP11-13 refinement targets

GDT-HA (model 1)

IDDT (model 1)
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Pre-study
Where is refinement possible?

* CASP11-13 refinement targets
Ca deviation [A]
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Pre-study
Example of more refinable model

Ca deviation

TR893 (original) TR893 (alternative)
GDT-HA = 69.7 — 66.3 (-3.4) GDT-HA = 49.3 — 73.7 (+24.4 | +4.0)
IDDT = 0.737 — 0.719 (-0.018) IDDT = 0.681 — 0.777 (+0.096 / +0.040)

1.0 I N ATyrwreats 1 1.0 e 1
| A O ¥ ! O
o I N - ANEE

- 0.8 ! l. < 0.8 T '..l —+

S ':, ' -3 (sD. S i -3 (SD.
7 Q 7 i )
1 _4 — 1 I:JI i _4 —
»m 0.6 u ; % » 0.6 k :ui g
T 5 g — 5 —
0.4 L nitial — Refined [[] 2> 0l | R 2>

' 100 150 200 250 ' 100 150 200 250

Residue number Residue number

12/1/2020 The 14t* CASP meeting - FeigLab )




FEIG-S: CASP14 results
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FEIG-S: CASP14 results
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What was improved?

I High

I Low

Ca deviation
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What went wrong?

Other domains,
not given for refinement ~A »
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What went wrong?

I High
7/

Crystal contacts
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— Enerqgy landscape

What went wrong?

Reaction coord. 3
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What went wrong?

Domain-domain interactions * GDT-HA changes via refinement (FEIG-S) are shown.

R1042v2 (AlphaFold2): 65.6 — 49.6 (-16.0)
R1041v1 (AlphaFold2): 70.3 — 59.6 (-10.7)

»» PDB: 6vr4

R1039

Crystal contacts
R1074v1 (AlphaFold2): 78.4 — 70.8 (-7.6)

R1067v2 (AIphaFoId2) 791 76.0 ( -3.1)

R1045s2 (tFold): 61.6 — 55.3 (-6.3)

R1040v1 (AlphaFold2): 53.9 — 48.7 (-5.2)
R1042v1 (BAKER-exp): 35.7 — 31.7 (-4.0) ; ‘ A
R1033 (E2E): 37.8 — 34.0 (-3.8) STl . B A Ca deviation
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Refinement in the era of ML
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Pre-study

Refinement of CASP13 AlphaFold models
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* Heo, L. and Feig, M., High-accuracy protein structures by combining machine-learning with physics-based refinement, Proteins (2020).
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Summary

* We improved sampling procedure for refinement
* Optimized MD simulation procedure
« Used multiple initial models

* Successes
* Roughly correct residues could be improved

 Limitations

* Errors with significant energy barrier
could not be fixed

e Failures

* Occasionally missing inter-domain/protein contacts
made models worse
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