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Basic Principle

« Experimental restraints — measured
— Distance between two atoms
— Angle between two bonds

e Force field - known information
— Primary sequence of the protein
— Atoms cannot overlap one another (!)
— Bond angles
— Stereochemistry

E=K (Dcalc o Dobs )2



Basic Principle
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Simulated Annealing
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NOE (Nucelar Overhauser Effect)



NOE (Nucelar Overhauser Effect)
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— active up to about 6-7 A



2D NOESY
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The NH and aromatic region P
can contain lots of useful
data

g The aliphatic region of a 2D
. NOESY tends to be rather




2D NOESY
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3D NOESY
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3D 15N-NOESY-HSQC

P Spectro B Corvtonr s B Feos B Strape 10,933, undel (e IW) | mlp

LT e T e A LT o]

Each strip contains
NOEs from one NH
group to all other
hydrogen atoms
close by
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NOEs to aliphatic
hydrogens

NOEs to amide and
aromatic hydrogens



3D NOESY
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3D 13C-NOESY-HSQC
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A double set of
peaks usually arises
from a CH2 group

in which the two

hydrogen atoms
— have different

chemical shifts.




3D NOESY
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3D 13C-HMQC-NOESY
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These are artifacts from 7 L Each strip contains

molecules present in the S @ Ze - 8 . NOEs from one CH
solvent/buffer system 3o p e \ group to all other

hydrogens nearby.
A double set of
peaks usually arises
from a CH, group

1 in which the two

|‘ hydrogen atoms

' have differemt

. chemical shifts.
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the NOE dimension
isvery high, as this
is the detected
dimension

> The resolution in

This is an artifact from the A
water signal "

Crosspeaks within the
aromatic region can be
very useful for assignment.
Note that this region is
aliased.
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NOEs In Structure Calculations




NOEs In Structure Calculations

Parallel B-sheet a-helix
Hai' Haj =2.3 A HNi'HNi+1 =2.8 A
Haj' HNJ‘ = 3.2 A Hai'HNi+3 =34 A
HN;- HN -33A H%-HN, =42A

HNi - HNi+2 — 42 A

HO(i 'HBi+3 =2.544 A
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NOEs In Structure Calculations
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Chemical Shifts

&xX-hehx ﬁ_sheet

oCa = Ca

random coil —

= secondary chemical shift



Chemical Shifts
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The Ramachandran Plot.

180
; +p5i ‘ Left
\ handed
alpha-helix.

-psi Right handed

alpha-helix.

180 - phi 0 + phi 180



Chemical Shifts

e TALOS — Torsion Angle Likelihood
Obtained form Shift and sequence
SI m | |al'lty R [ TALOS 1999.019.15.47 Residue V4 valpha.tab

132 +f- 16
Psi

® [E Residue V4, Triplet Q3 V4 RS

o -119 127 £1.46 565 T66 L67 ubiguitin
o  -160 136 2221 V40 K41 M42  dehydrase
o -163 140 2209 K131 R132 N33 dehydrase
m -126 132 2261 E110 V111 K112 dehydrase
m  -100 122 2426 R57 Q58 Y99 HIVprotease
w133 134 24368 D33 V34 135 cutinase
w128 102 2350 R177 5178 5179 alpha LP
-84 139 Za.0d D6 367 Yoo hca_l
w107 116 2755 HG63 L69 V70 ubiguitin
o -140 154 177 584 F8a VE6 alpha_LP
1 -126 132 24.39 Average
-126 +f- 25
Phi

Unclassified

Ambiguous



Chemical Shifts

* DANGLE — Dihedral ANGLE

CcpNmr Analysis 2.0.6 (rgsl2_test)

FProject Experiments Windows Peaks Molecules Assignment Hesonance Data Analysis Structure Charts Macros  Other
1
1

Make Distance Restraints

Restraints and Violations
Structure Viewer

Structure Ensembles

ﬁLE (Predict Dihedrals) ]
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J-Couplings

« Karplus Kurve
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Residual Dipolar Couplings
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Residual Dipolar Couplings




RDCs — Alignment Media

Bicelles Strained gels
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n-alkyl-PEG / alcohol




RDCs — Measurement
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Isotropic anisotropic
‘]iso,obs =J
‘]aniso,obs =J+D
1D = ‘]aniso,obs o ‘]iso,obs






RDCs In Structure Calculations




Hydrogen Bonds

Freeze dry

D,O

Spectra | Contour ‘ Peaks | Strips

5.434, 107.28 (1H,15N) ‘ (2)
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Other Restraint Types

* Symmetry
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Other Restraint Types

e Symmetry
e Prochiral atoms

P

Ca



Other Restraint Types

e Symmetry
e Prochiral atoms
e Conformational Database Potentials



Other Restraint Types

Symmetry

Prochiral atoms

Conformational Database Potentials
Radius of Gyration



Other Restraint Types

Symmetry

Prochiral atoms

Conformational Database Potentials
Radius of Gyration

Pseudoatoms



Traditional Structure Determination

Full Resonance
Assignment

v

Assignment of <
NOES —
Check
A 4 Violations
Structure — Vv

Calculation




Automatic NOE Assignment

Full Resonance
Assignment

v

Assignment of <
NOEs —
Check
v Violations
Structure —

Calculation




Ambiguous NOE Restralnts
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Network Anchoring




Water Refinement




Validation

Full Resonance
Assignment

v

Assignment of <
NOEs —
Check
A 4 Violations
Structure —

Calculation




Validation

Violations to experimental restraints
(CCPNmr Analysis, PSVS)

Dihedral Angles (Procheck, PSVS)
nter-atomic Clashes (PSVS)
RMSD (PSVYS)

Monomer or Multimer? (Relaxation
measurements or AUC)

Information Content of Restraints (QUEEN)




Validation — Information Content

« QUEEN — QUantitative Evaluation of
Experimental Nmr restraints

1.50

A
How much does A 2
this restraint £ 1-00-..|R3 S
influence the :;0-75;;",:.-_..:_.. o
structure? ~osopdi, -. .
0.25 ,51_

0 '.ott-st~ OjPH;:: (%o).'zo 0.25 0.30
>

How unique is the information

provided by this restraint?




Validation - CCPN

Violations

Navigate directly to T
affected peak in <+ Restraint List

spectrum \
Look at the structure

Checking of
chemical shifts



Hle Edit View History Bookmarks Tools Help

Validation - Other
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ﬁ [@ http://psvs-1_3 nesg.org/
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(PSVS)

Report

6% Protein Structure Validation Suite @ Re

Protein Structure Software suite (PSVS), for assesment of protein structures
generated by NMR and X-ray methods. PSVS is broadly applicable for structure

quality assessment in structure biology projects.

This software integrates under a single interface analyses from several widely-used structure quality evaluation tools,

including

« ProCheck

+ Verify3D

+ Prosall

« MolProbity

« PDB Validation

+« RPF NMR Structure Validation Software

« Various structure validation tools developed in our own laboratory.

Run PSVSvl1.3

iCing: a web interface to CING - Mozilla Firefos

Hle Edit View History Bookmarks Tools Help

PSVS
http://psvs-1_3.nesg.org/

@ - ®

ﬁ [ G | http://nmr.cmbi.ru nlficing/iCing .htrmi#file

) Ek

T iCing (BETA release)

Validation of NMR structures

iCing File Edit Run View Help

NESG Homepage
SPINE Homepage

| Done

Upload

f Program  Type

1ICing

http://nmr.cmbi.ru.nl/icing/i(

Upload another file

Back Next

CING version 0.8 (iCing v.20080213-1320)
"

| Done

Subtype Other

Eg.

) | English




Structure Determination from
Chemical Shifts

e CS-ROSETTA

« CHESHIRE

« CS23D (www.cs23d.ca)



Inferential Structure Determination

e www.isd.bio.cam.ac.uk/isd



@FMP

CYANA
ARIA
XPLOR-NIH
CNS

QUEEN

Cluster [48 processors]. matrix
— http://matrix.fmp-berlin.de



Good Luck!



