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Accurate Models from Limited Data | cgp
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Refinement Cycle with Side Chain |} -/

Repacking and All
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Atom Minimization |csp

random perturbation of one or
several backbone torsion angles

fast side-chain optimization using
a rotamer representation

gradient-based minimization with
respect to backbone and side
chain torsion angles
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Overview of the Rebuilding-and-
Refinement Method.
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"High-resolution
structure
prediction and
the
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phase problem"
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Improvement of model accuracy and
molecular replacement CSB

Table 1 | Improvement of model accuracy and molecular replacement by a rebuilding and refinement protocol

X-ray structure Starting model*  Length (n)t  Sequence identity GDT-HAS TFZ1| in molecular replacement  Auto-traced residues (backbone,
to best template side chain)*
%)3
el Best template Refined model Besttemplate Refined model Besttemplate Refined model
NMR 1hb6 2abd 86 N/A 0.58 0.79 41 11.3 12,0 80, 80
1who 1bmw G4 N/A 0.59 0.68 57 83 25,12 47, 44
1gnu lkot 119 N/A 0.64 0.73 6.6 106 62, 53 82,78
1219 lab7 89 (2) N/A 0.63 0.78 3.7 88 31, 20 48, 37
45 125 14, 0 44, 35
1fvk la24 189 (2) N/A 0.49 0.69 34 69 66, 50 97, 91
43 124 55, 43 85, 68
1mazl lafh 93 N/A 0.e0 0.66 46 51 36, 29 58, 44
ltvg 1xpw 143 N/A 0.63 0.74 43 6.7 15, 6 103, 86
2snm 2s0b G7 N/A 0.45 048 38 4.8 17, 16 43, 37
lagr lezy 129 N/A 0.49 0.76 N/A# N/A#
labq lawo 56 N/A 0.58 0.83 N/AY N/AY
CM 2hhz (T0331) 1tySA 149 145 0.49 0.58 54 88 28, 24 68, 63
2hr2 (TO368) 2¢21C 158 (6) 148 0.57 067 6.0 54 37, 37 20, 14
2hq7 (T0O380) 2fhqA 145 (2) 254 0.58 069 4.4 6.6 47, 23 G2, 83
46 14.2 30, 17 60, 59
2ib0 (T0385) 1jgcB 170 (2) 7.8 0.62 0.69 51 /9 63, 37 56, 56
58 155 50, 2 52, 52
2hi0 (T0329_D2) 1rglA 92(2) 8.8 0.52 0.67 N/A# N/A#
2hcf (TC330_D2) 1lvhB 75 141 0.51 065 N/A# N/A#
2hi6 (TO357)"" laco 132 8.4 0.45 052 N/A™" N/A*"
DN 2hhé (T0283) 2b2j 112 3.6 0.22 0.64 54 9.0 26,12 112, 112

Qian, B.; Raman, S.; Das, R.; Bradley, P.; McCoy, A. J.; Read, R. J.; Baker, D. "High-resolution structure prediction and the
crystallographic phase problem” Nature 2007.
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Refinement of NMR Structures (a-d) ‘ﬁ%z{
and Comparative Models (e-h)

Qian, B.; Raman, S.; Das, R.; Bradley, P.; McCoy, A. J.; Read, R. J.; Baker, D. "High-resolution structure prediction and the
crystallographic phase problem" Nature 2007.
native crystal structure (blue), template/NMR structure (red), and the refined model (green)
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Phasing by refined NMR structures,
comparative and de novo models

Ty
CSB

* NMR (a=b)/CM (cd) = de novo model (c=

d)

8 May 2014

© Jens Meiler




RosettaNMR:

W

Usage of CSs, NOEs, and RDCs CSB

= NMR data are
used in addition

NMR data are
used in addition

to the Local
Sequence Bias
= CS derived
dihedral angle

restrictions (via
TALOS)

= | ocal NOE
distance
restraints

= RDC orientation
restraints
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to energy
evaluation of non-
local Interactions

= Long-range NOE

distance
restraints

= RDC orientation
restraints

Bowers, P. M.; Strauss, C. E. M.; Baker, D., J. Biomol. NMR 2000, 18, 311-318.

Rohl, C.; Baker, D., J. Am. Chem. Soc. 2002, 124, (11), 2723-2729.
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RosettaNMR: High-Resolution from \E%Z{

“‘one” Restraint per Amino Acid CSB
Xray/NMR RosettaNMR
= Profilin | with CSs
and 1.01 NOEs/AA

Profilin |

= Ubiquitin with 0.89
RDCS/AA

= Profilin | with CSs
and 1.25 RDCs/AA

Bowers, P. M.; Strauss, C. E. M.; Baker, D., J. Biomol. NMR 2000, 18, 311-318.
Rohl, C.; Baker, D., J. Am. Chem. Soc. 2002, 124, (11), 2723-2729.
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Restraints Enable Dense Sampling

of Structures Consistent with NMR

)

Ty
CSB

Fig. 1. Impact of RDC
data on conformational
search. Lines depict RMSD
histograms of structures
selected in the lowest
10th percentile of coarse-
grained energy for ensem-
bles generated with the
use of CS-Rosetta (black)
or (SRDC-Rosetta (red). (A)
BcR103A, (B) DvR115G, (O
RrR43, and (D) SrR115C.
Ang., angstrom.

Raman, S.; Lange, O. F,; Rossi, P.; Tyka, M.;
Wang, X.; Aramini, J.; Liu, G.; Ramelot, T. A.;
Eletsky, A.; Szyperski, T.; Kennedy, M. A.;
Prestegard, J.; Montelione, G. T.; Baker, D., NMR
structure determination for larger proteins using
backbone-only data. Science 2010, 327 (5968),

1014-8.
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Blind Structure Predictions with CS- [\'+/,

Fyr

RDC-Rosetta. CSB

Fig. 3. Blind predictions with the CS-RDC-Rosetta and iterative CS- E
RDC-Rosetta protocols. (Left side of each panel) Superposition

of the 10 lowest-energy predicted structures (red) over the

experimentally solved ensemble of NMR structures (blue). (Right

side of each panel) Magnified view of the core side chains.

Rosetta models in (A) to (D) were determined with CS-RDC-

Rosetta, and in (E) with iterative CS-RDC-Rosetta. (A) BcR268F,

(B) DVR115G, (C) MaR214A, (D) SrR115C, and (E) AtT7.
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NMR Structure Determination for o7
Proteins Using Backbone-Only Data | cgp
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S. Raman, O. F. Lange, P. Rossi, M. Tyka, X. Wang, J. Aramini,
G. Liu, T. A. Ramelot, A. Eletsky, T. Szyperski, M. A. Kennedy, J.
Prestegard, G. T. Montelione and D. Baker; "NMR structure
determination for larger proteins using backbone-only data";
Science; 2010; Vol. 327 (5968): p. 1014-8.
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Size Limit for de novo Protein

W

. . e
Structure Prediction CSB
= Topology correct = Atomic detall
Rosetta de novo
(Bradley, 2005. Science)
Rosetta NMR with unassigned data
(Meiler, 2003, PNAS)
Rosetta NMR with sparse NOE/CS data
(Bowers, 2000, J. Bio. NMR)
Rosetta NMR with sparse RDC/CS data
(Rohl, 2002, JACS)
Rosetta NMR with CS data
(Shen, 2008, PNAS)
| | | | - -
0 100 200 #AA 400 200
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Size Limit for de novo Protein
Structure Prediction

W

CSB

= Topology correct = Atomic detall

Rosetta de novo
(Bradley, 2005. Science)

Rosetta NMR with unassigned data
(Meiler, 2003, PNAS)

Rosetta NMR with sparse NOE/CS data
(Bowers, 2000, J. Bio. NMR)

Rosetta NMR with sparse RDC/CS data
(Rohl, 2002, JACS)

Rosetta NMR with backbone data
(Shen, 2008, PNAS; Raman, 2010, Science)
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Structure Elucidation of Lysozyme \E%Z{
from 25 Experimental EPR Distances |csi

= 25 distance restraints o8 g.f
= 57 surface exposure restralﬂts R

o ,: ‘ \ | \ X\
TA\;65 \ ' ‘ ‘ ‘
.
Y
= Thanks to Hassane Mchaourab and his lab for experimental
data

Borbat, P. P.; McHaourab, H. S.; Freed, J. H.,
JAm Chem Soc 2002, 124, (19), 5304-14.
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Rotamer Representation of MTS ‘@Z{
Spin Label in Rosetta CSB

= Rotamer Sampling = Rotamer Recovery

Nathan S. Alexander, Richard A. Stein, Hanane A. Koteiche, Kristian Kaufmann, Hassane Mchaourab, Jens Meiler
RosettaEPR: Rotamer library for spin label structure and dynamics, submitted to PLOS ONE
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Rotamer Representation of MTS \?%?Z{
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CSB
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Label In Rosetta
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Conformations of the spin label are \}%Z[

&

modeled as a conical distribution @n

S Leffective

Alexander, N.; Al-Mestarihi, A.; Bortolus, M.; McHaourab, H.; Meiler, J. "De Novo High-Resolution Protein Structure
Determination from Sparse Spin-Labeling EPR Data" Structure 2008, 16, 181-95.

S. J. Hirst, N. Alexander, H. S. McHaourab and J. Meiler; "RosettaEPR: an integrated tool for protein structure determination
from sparse EPR data"; J Struct Biol; 2011; Vol. 173 (3): p. 506-14.
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Statistics of Dg, — D¢, calculated \?%Zf

W

from cone model match experiment | cgp

Allows the creation of a scoring function indicating how well a
protein model agrees with EPR distance data
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Alexander, N.; Al-Mestarihi, A.; Bortolus, M.; McHaourab, H.; Meiler, J. "De Novo High-Resolution Protein Structure
Determination from Sparse Spin-Labeling EPR Data" Structure 2008, 16, 181-95.

S. J. Hirst, N. Alexander, H. S. McHaourab and J. Meiler; "RosettaEPR: an integrated tool for protein structure determination
from sparse EPR data"; J Struct Biol; 2011; Vol. 173 (3): p. 506-14.
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CSB

25 Experimental Distance Restraints ‘ﬁ%z{

= Restraint: (ds;_s,-Os s, -10A) < dcg cp < (dgg.+0ss1)

= Harmonic penalty functign—
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Influence of Experimental Data on &W{
Sampling and Model Quality CSB

= RMSD histogram

= C
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Influence of Experimental Data on ‘ﬁ%z{
Sampling and Model Quality CSB

= RMSD histogram = C
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High Resolution Energy Refinement gé?

= [owest scoring ~11,000 models out of 500,000 were refined
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Backbone RMSD is 0.96A

CSB

Alexander, N.; Al-Mestarihi, A.; Bortolus,
M.; McHaourab, H.; Meiler, J. "De Novo
High-Resolution Protein Structure
Determination from Sparse Spin-Labeling
EPR Data" Structure 2008, 16, 181-95.
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All but Two Core Amino Acids have \E%Z{
Correct Side Chain Conformation CSB

Alexander, N.; Al-Mestarihi, A.; Bortolus,
M.; McHaourab, H.; Meiler, J. "De Novo
High-Resolution Protein Structure
Determination from Sparse Spin-Labeling
EPR Data" Structure 2008, 16, 181-95.
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